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Abstract: With the rapid development of the internet, the number of offline customers in the bank
branches decreases, and the existing layout of branches leads to the increase of operation cost, which
has an impact on the sustainable operation of commercial banks. Adjusting and optimizing the layout
of the physical branches of commercial banks can not only reduce the operation cost of banks and
avoid the waste of resources, but is also crucial to the sustainable operation of commercial banks. First,
an evaluation index system (deposit; loan; number of vouchers; maintenance, establishment, and
modification of customer information; number of counter transactions) is constructed to reflect the
operation performance of bank branches. Second, the Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS) is used to rank the bank branches. Then, a combination of factor analysis and
assignment method is used to identify redundant bank branches. Last, cluster analysis is used to
find alternative schemes of redundant bank branches. Finally, Shaanxi Rural Credit Cooperatives
Union in Hanzhong, Shaanxi Province, China is selected for empirical analysis. The results show that:
four redundant bank branches are identified, and alternative combination schemes of the redundant
bank branches are determined. The redundancy identification method in this paper is helpful for
commercial banks to allocate various resources rationally and reduce operation cost, so as to ensure
the sustainable operation of commercial banks.

Keywords: sustainable operation; commercial bank branches; redundancy identification; assignment
method; cluster analysis

1. Introduction

After 40 years of reform, the market structure of China’s banking industry has been continuously
optimized. The multi-level banking financial institution system has leaded to fierce competition
in the banking industry. Physical branches are the main carrier of commercial bank operation.
How to rationally arrange bank branches is the key to the sustainable operation of commercial banks.
In particular, the rapid rise of internet has brought various challenges and opportunities to commercial
banks. The main challenge is that the rapid development of third-party payment platforms has affected
the business of bank branches. The growth rate of deposits of 26 A-share listed commercial banks
decreased from 10.3% in 2016 to 6.1% in 2017 (data source: Wind Economic Database). The main
opportunity is that internet technology has accelerated the construction of network banking, which
means that commercial banking business and customer service has shifted significantly to online or
self-service modes. In 2017, the amount of online banking transactions increased by 32.77% and the
amount of mobile banking transactions increased by 53.70% (data source: China Banking Service Report
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2017). Faced with the challenges of internet, it has become an urgent problem for commercial banks
to adjust and reconfigure the existing bank branches that cannot adapt to the development of the
new economy.

Due to the rapid development of the internet, the layout of China’s commercial banks’ branches
has not been adjusted and optimized in time, resulting in a serious decline in the business of physical
branches and an increase in the overall operating costs, which poses a serious threat to the sustainable
operation of commercial banks. Under the strategy of sustainable development, commercial banks
must solve the following problems: how to identify redundant bank branches, how to achieve the
same operation performance when eliminating redundant branches, and how to make the limited
resources of commercial banks play their maximum economic and social benefits. In addition, the
optimized layout plan of eliminating redundant bank branches can significantly reduce operating costs
and improve the overall performance of banks [1], so that commercial banks can better fulfill their
economic responsibilities to shareholders and investors [2,3]. Furthermore, eliminating redundant bank
branches will also reduce the energy consumption and emissions of the operation of physical branches,
which will help commercial banks fulfill their environmental responsibilities. Therefore, identifying
and eliminating redundant bank branches can enable commercial banks to achieve sustainable
economic, environmental and social development, and promote commercial banks to fulfill corporate
social responsibility.

At present, commercial banks lack scientific and effective quantitative analysis methods to identify
redundancy and optimize the layout of existing bank branches. This paper proposes a method to
identify redundant physical branches, which comprehensively uses Technology for Order Preference
by Similarity to Ideal Solution (TOPSIS), factor analysis, assignment method, and cluster analysis, and
Shaanxi Rural Credit Cooperatives Union is selected for empirical analysis. The results show that
four redundant bank branches are identified, and alternative combination schemes of the redundant
bank branches are determined, which optimize the layout of Shaanxi Rural Credit Cooperatives Union.
The feasibility and effectiveness of the redundancy identification method and optimization scheme of
bank branches proposed in this paper are verified.

This paper makes three contributions to the literature. First, TOPSIS is used to rank the commercial
bank branches according to the evaluation index system. Second, we propose an improved optimization
method to identify redundant physical branches, in order to reduce the operating cost of commercial
banks. Third, the alternative combination scheme is determined to realize the effective allocation of
resources and promote the sustainable operation of commercial banks.

This paper is organized as follows. Section 1 introduces the background of the sustainable
operation of commercial banks. Section 2 summarizes related literature. Section 3 proposes a method
to identify redundant physical branches of a commercial bank. Section 4 presents an empirical analysis
for a commercial bank. Section 5 summarizes the research results, points out the limitations of this
paper and puts forward future research directions.

2. Literature Review

In the Chinese banking industry, some studies focused on the Chinese banking industry’s structure
and the reform [4,5]. There are a number of studies focused on the examination of performance including
efficiency, profitability and productivity [6–11]. Some other studies focused on the evaluation of
competitive conditions or market power in the Chinese banking industry [12–14], while this paper
opens a new area in the investigation of the Chinese banking industry by assessing the redundancy of
bank branches. In the sustainable development of commercial banks, several studies focused on the
sustainable development model of banks [15–17], some on the performance evaluation of sustainable
banks [18–21], and others on the corporate social responsibility of commercial banks [2,3], but this paper
studies the sustainable operation of commercial banks from a new perspective of optimizing the layout
of bank branches to reduce the operation cost. Optimizing the layout of existing physical branches
and allocating resources reasonably and effectively have become the key issues in promoting the
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sustainable operation of commercial banks in the context of third-party payment, and help commercial
banks fulfill corporate social responsibility earnestly.

There are two main types of literature on the layout optimization of commercial bank branches.
On the one hand, most of the literature studied the location selection of commercial banks and focused
on the method of location selection. The site selection methods adopted by domestic and foreign
scholars can be divided into three categories: Geographical Information Systems (GIS) [22], statistics
and operational research methods [23–26], and site selection model [27,28]. Among them, the statistical
methods include Analytic Hierarchy Process (AHP) [23–25], correlation analysis [26], etc., and site
selection models include Hotelling model [27], Spatial Durbin Model [28], etc. These studies provide
good methods for the strategic decision-making of commercial banks in the early stage of mergers
and acquisitions in the banking industry and have a certain reference significance. However, this
kind of literature does not consider the impact of the internet on the layout of bank branches. Hence,
these research methods cannot be directly applied to the redundancy identification of existing bank
branches. On the other hand, there were few papers on the redundancy identification of commercial
banks’ branches. For instance, Morrison and O’Brien [29] used the spatial interaction model based on
GIS to evaluate the redundancy of New Zealand bank branches. The contribution of this paper is to
analyze the impact of removing one or more branches from the network. But the authors focused on the
customer and ignored bank performance when evaluating redundant bank branches. In addition, the
model has strict assumptions and a large amount of calculation. However, there are many researches
about site optimization layout in other areas, such as the layout of shared bicycle stations [30],
redundancy identification and optimization of air quality monitoring stations [31,32], the location of
charging stations for electric vehicles [33,34]. These studies provide good ideas for this paper, but the
commercial banks take into account both corporate profitability and social service, and the redundancy
identification of physical branches has its particularity.

In summary, most research on commercial banks’ branches are limited to the location problem,
and only estimate the impact of the macro-factors on the location, such as the level of regional economic
development. Research on the rational layout of existing bank branches is insufficient, and the
optimization of specific bank branches based on the micro-level is lacking. Existing literature used
different standards and different methods to optimize layout and location of bank branches because
there is no unified standard or method, and no mature theoretical models or tools exist to guide
commercial banks’ branches with layout optimization [35]. This paper put forward a new method for
redundancy identification of existing physical banking branches and determine alternative combination
schemes. Then, Shaanxi Rural Credit Cooperatives Union in Hanzhong, Shaanxi Province, China is
selected for empirical analysis to verify the rationality of the method.

3. Materials and Methods

This paper comprehensively utilizes TOPSIS, factor analysis, assignment method, and cluster
analysis to identify redundant physical branches of commercial banks and re-optimize their layout.
First, an evaluation index system (deposit; loan; number of vouchers; maintenance, establishment,
and modification of customer information; number of counter transactions) is constructed to reflect
the operation performance of bank branches. Second, TOPSIS is used to rank the business status of
the bank branches and selects a reference branch for comparison. Then, to identify redundant bank
branches, factor analysis and assignment method are utilized. Finally, to optimize the layout of existing
commercial banks’ branches, alternative combination schemes of redundant bank branches are found
by using cluster analysis. Figure 1 illustrates this process.
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Figure 1. The process of identifying redundant physical branches in commercial banks.

3.1. Constructing the Evaluation Index System

In this study, an evaluation index system (deposit; loan; number of vouchers; maintenance,
establishment, and modification of customer information; number of counter transactions) is constructed
to reflect the operation performance of bank branches. In reality, these five indicators are the most
important indicators to measure the sustainable operation of commercial banks. Deposits refer to
the amount of funds deposited by enterprises or individuals that banks receive per day. Loans refer
to the amount of funds lent by banks at a certain interest rate. Vouchers, also known as accounting
vouchers, are the basis for account registration in accounting work. Maintenance, establishment,
and modification of customer information refers to the number of times the bank branches conduct
customer information management operations on a daily basis. The number of counter transactions
refers to the number of transactions handled, according to the serial number, by the bank branches on
a daily basis. The evaluation index system is listed in Table 1.

Table 1. Evaluation index system.

Evaluation Index Code Evaluation Index Name Nature of Evaluation Index

Criterion 1 deposit Benefit indicator

Criterion 2 loan Benefit indicator

Criterion 3 number of vouchers Benefit indicator

Criterion 4 maintenance, establishment, and
modification of customer information Benefit indicator

Criterion 5 number of counter transactions Benefit indicator

3.2. TOPSIS

TOPSIS is a comprehensive evaluation method for multi-objective decision-making of limited
schemes. Its basic principle is to sort evaluated objects by detecting their distance and provide the
positive and negative ideal solutions based on the normalized original data. If the evaluation object is
the closest to the positive ideal solution and the farthest away from the negative ideal solution, it is
considered as the best, otherwise it is the worst. The specific steps are as follows:
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Step 1: Assuming there are m bank branches, each bank branch has n evaluation indicators,
i represents bank branch, j represents evaluation indicator, then the initial matrix A is expressed below.

A =
(
xi j

)
m×n

, i = 1, 2 . . .m, j = 1, 2 . . . n (1)

Step 2: The initial matrix A is normalized and unified as a benefit indicator to obtain matrix
R =

(
ri j

)
m×n

.

For benefit indicators : ri j =


xi j−x jmin

x jmax−x jmin

1

, x jmax , x jmin

, x jmax = x jmin

(2)

For cos t indicators : ri j =


x jmax−xi j

x jmax−x jmin

1

, x jmax , x jmin

, x jmax = x jmin

(3)

Since the dimensions of each indicator may be different, the matrix needs to be standardized to
obtain the decision matrix A

′

.

A′ =
(
x′i j

)
m×n

, where x′i j =
xi j√∑m
i=1 x2

i j

(4)

Step 3: Calculate the entropy value of the evaluation index:

H j = −
1

ln m

m∑
i=1

(
fi j ln fi j

)
, where fi j =

(
1 + x′i j

)
∑m

i=1

(
1 + x′i j

) (5)

Step 4: Calculate the weight w j of evaluation index and use it to construct a weighted matrix W.

w j =
1−H j

n−
∑n

j=1 H j
, and

n∑
j=1

w j = 1 (6)

W =


w1 · · · 0
...

. . .
...

0 · · · wn

 (7)

Step 5: The weighted judgment matrix can then be expressed as follows:

YW =
(
yi j

)
m×n

=


x′11w1 · · · x′1nwn

...
. . .

...
x′m1w1 · · · x′mnwn

, where yi j = x′i j ·w j (8)

Step 6: Determine the reference samples:

The positive ideal solution : Y+ =
(
y+1 , y+2 , . . . , y+n

)
, y+j = 1 (9)

The negative ideal solution : Y− =
(
y−1 , y−2 , . . . , y−n

)
, y−j = 0 (10)

Step 7: Calculate the Euclidean distance between the object and the positive/negative
ideal solutions.

D+
i =

√√√ n∑
j=1

(
yi j − y+j

)2
(11)
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D−i =

√√√ n∑
j=1

(
yi j − y−j

)2
(12)

Step 8: Calculate the proximity distance between the object and the positive ideal solution.

C+
i =

D−i
D+

i + D−i
(13)

Step 9: The ranking is attained according to the value of C+
i sorted from large to small.

3.3. Factor Analysis

Factor analysis is a dimension reduction correlation analysis technique used to examine the
covariance or correlation coefficient structure between a group of variables and to explain the
correlation between these variables and the fewer factors. The purpose of factor analysis is to describe
the covariance relationship between initial variables with several potential and unobservable random
variables (also called “factors”). Initial variables are grouped by factors. Variables in one group are
highly correlated, while those in other groups are less correlated [36].

SPSS 24.0 (https://www.ibm.com/analytics/us.en/technology/spss/) is used for factor analysis of
bank branches, and principal component analysis is used for the extraction method. The principle
is to explain the variance of variables with common factors (also called “principal components”) as
descriptive as possible, and to reduce the proportion of each common factor to the variance variation
of the variables. There are two criteria for selecting principal components: one is according to the
Kaiser-Guttman criterion, the eigenvalues of all principal components are greater than or equal to one,
the other is that a reference branch should not be eliminated as redundant, therefore, the reference
branch must have at least one factor. Specifically, in each evaluation index of a reference branch, at least
one factor loading value should be greater than 0.5. The missing values are excluded cases pairwise,
the rotation is performed with varimax, and the factor analysis provides the rotation factor matrix for
the assignment method.

In this paper, factor analysis is used to extract common factors from each evaluation index and
determine the factor loading value of each bank branch on each factor. Then, the rotation factor matrix
is used to reflect the degree of closeness of each factor with each bank branch. The elements with larger
rotation factor matrix values have stronger correlation with bank branches.

3.4. Assignment Method

In order to clearly and effectively identify existing physical branches of commercial banks, based
on the factor analysis of rotation factor matrix, we perform the assignment method. Each bank branch
is assigned to each factor according to the criterion of factor loading value greater than 0.5, so that the
evaluation index information of each factor is carried by at least one bank branch with a maximum
factor loading value. Through the assignment method analysis, redundant bank branches can be
judged, and the optimal layout of bank branches can be realized. The specific steps are as follows:

Step 1: In the assignment problem, the maximum element of a column (row) of a matrix
is respectively subtracted from each element of the column (row) to obtain the reduction matrix.
The optimal solution of the reduction matrix is the same as the original matrix. Therefore, the maximum
value of each column is obtained from the rotation factor matrix of the factor analysis above, and a
new matrix L = max

{
rotation factor matrix per column

}
is established. The factor loading matrix is

subtracted from the matrix L to obtain a reduction matrix. The original maximum value in the factor
loading matrix corresponds to the value in the reduction matrix, which is 0.

Step 2: Count and mark the number of 0 values in the row of each bank branch.
Step 3: Mark a “

√
” on the row and column of the branch which has the most 0 values.

https://www.ibm.com/analytics/us.en/technology/spss/
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Step 4: For a bank branch without a “
√

”, repeat step 2 and step 3 until all factors are assigned to
one or more bank branches. The bank branches marked with “

√
” are the necessary bank branches to

carry out the evaluation index task, which expresses the factors’ evaluation index information.
Step 5: Replace all of the 0 values with 1 and change all other values to 0. This matrix is the result

of the final assignment method. Where the bank branch with values of 1 in this matrix can perform all
factors’ evaluation index information, and 0 means no assignment is made. If the assignment results of
a bank branch are all 0, it is a redundant bank branch. Eliminating this redundant bank branch will not
affect the normal operation of the banking system.

3.5. Cluster Analysis

Redundant bank branches can be identified by the factor analysis and assignment method, but the
identification results need to be verified. In other words, if redundant bank branches are eliminated,
there must be one or more bank branches that can replace the redundant bank branch and maintain
the normal operation of the commercial bank’s system. When determining the alternative scheme for a
redundant bank branch, this redundant bank branch is placed in a new banking system that eliminates
other redundant bank branches for clustering, effectively solving the problem that redundant bank
branch may become the alternative branch.

Hierarchical Cluster Analysis is used to find alternative schemes of redundant bank branches.
First, each individual is regarded as a class. Second, two classes with the highest similarity are merged
into a new class. Third, the new class is merged with the highest similarity class, and the process is
repeated until all the individuals are classified into one group. Specifically, the clustering method of
“between-groups linkage” is applied, and the measurement is based on “Squared Euclidean distance”.

4. Results and Discussion

4.1. Case Study

In order to verify the effectiveness of the methods above, this paper analyzes physical branches of
Shaanxi Rural Credit Cooperatives Union in Hanzhong, Shaanxi Province, China. The geographical
location of 17 bank branches in Hanzhong is shown in Figure 2. Specifically, the names and
corresponding abbreviation code of the 17 bank branches are listed in Table 2.

Table 2. Abbreviation code of each bank branch.

Bank Branch Abbreviation

Ying Ye Bu YYB
Gao Chao GCA
Jiu Zhou JZ

Cheng Guan CG
Che Zhan CZ

Guang Chang GCB
He Ying HY

Jia Qi JQ
Xi Ba XB

Bei Guan BG
Tian Dang Lu TDL

Lian Meng LM
Ren Min Lu RML

Ji Guang JG
Ding Jun DJ

Han Gang HG
Mao Bao MB
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Figure 2. Geographical location map of Shaanxi Rural Credit Cooperatives Union’s 17 bank branches
in Hanzhong.

The data is obtained from market research. Five evaluation indexes (deposit; loan; number of
vouchers; maintenance, establishment, and modification of customer information; number of counter
transactions) of the 17 bank branches were collected from 1 April 2017 to 30 June 2017. A total of 7735
items of data were collected and processed with Z-standardized method.

4.2. Employing TOPSIS to Judge the Ranking of Bank Branches

The TOPSIS method is adopted to rank the 17 physical branches of Shaanxi Rural Credit
Cooperatives Union in Hanzhong. The ranking results of TOPSIS are listed in Table 3. From the results,
the C+

i value of YYB is much larger than that of the other 16 branches, indicating that YYB is closest
to the positive ideal solution and farthest from the negative ideal solution. At the same time, since
YYB is a direct operating institution of Shaanxi Rural Credit Cooperatives Union, its management
mode is equivalent to that of other branches and it has the characteristics of an independent business.
Therefore, YYB is set as the reference branch of Shaanxi Rural Credit Cooperatives Union in Hanzhong,
and it cannot be eliminated as a redundant bank branch. In addition, TOPSIS can only rank the
business status of the bank branches. According to the ranking results of TOPSIS, it is necessary to
determine whether it is reasonable to directly exclude the lower ranking bank branches and whether
it can maximize the resource efficiency of Shaanxi Rural Credit Cooperatives Union. Therefore, it is
necessary to adopt more accurate methods to identify redundant branches for verification.

Table 3. The ranking results of TOPSIS.

Ranking Bank Branch D−i D+i C+i
1 YYB 0.046390 21.297830 0.002173
2 MB 0.005075 21.327441 0.000501
3 JQ 0.003679 21.328585 0.000463
4 JZ 0.006873 21.326524 0.000370
5 LM 0.003858 21.327842 0.000322
6 GCB 0.006287 21.326140 0.000295
7 DJ 0.004423 21.327493 0.000238
8 HY 0.004129 21.328011 0.000207
9 JG 0.003371 21.328663 0.000206
10 CZ 0.004180 21.328905 0.000196
11 HG 0.009885 21.323746 0.000194
12 CG 0.007883 21.325246 0.000181
13 TDL 0.002286 21.329364 0.000172
14 GCA 0.001896 21.329726 0.000158
15 RML 0.010698 21.323314 0.000117
16 BG 0.004392 21.328213 0.000107
17 XB 0.002488 21.329250 0.000089
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4.3. Using Factor Analysis and Assignment Method to Identify Redundant Bank Branches

Factor analysis of bank branches is performed to obtain the rotation factor matrix, and the results
are listed in Table 4. There are eight factors for Criterion 1 (deposit), seven factors for Criterion 2 (loan),
six factors for Criterion 4 (maintenance, establishment, and modification of customer information), three
factors for Criterion 3 (number of vouchers), and three factors for Criterion 5 (number of transaction).

Table 5 lists the result of the assignment method of the 17 physical branches of Shaanxi Rural
Credit Cooperatives Union in Hanzhong on the basis of Table 4. Table 5 shows that, except for the 0
corresponding values of CZ, TDL, LM and HG, the corresponding rows of other bank branches have
different numbers of 1, indicating that they all undertake the evaluation index task at different levels
to meet the needs of different indicators of bank business. While CZ, TDL, LM, and HG have not
been assigned tasks, indicating that, under the existing business demand, these four bank branches
are redundant, which can be removed from the current 17 branches in Hanzhong, and their business
needs can be replaced by the remaining 13 bank branches.

After eliminating CZ, TDL, LM, and HG, factor analysis is performed on the remaining 13 bank
branches, and the results are summarized in Table 6. This verifies whether these 13 bank branches
can assume the business volume of the original 17 bank branches in Hanzhong, and whether the
number of bank branches in Hanzhong can be reduced under the normal operation conditions of
Shaanxi Rural Credit Cooperatives Union’s system. The results in Table 6 show that the cumulative
variance of the various evaluation indicators is basically similar to those of the previous 17 bank
branches. Therefore, YYB, GCA, JZ, CG, GCB, HY, JQ, XB, BG, RML, JG, DJ, and MB are enough to
replace the original 17 bank branches of Shaanxi Rural Credit Cooperatives Union in Hanzhong to take
on the evaluation of the business volume and maintain normal operations of Shaanxi Rural Credit
Cooperatives Union’s system.

CZ, TDL, LM, and HG are redundant bank branches, ranked 10th, 13th, 5th and 11th, respectively,
in Table 3. Most redundant bank branches ranked low, with only LM ranked high. Although LM is
in good condition, its business may be replaced by other branches, while some of the lower-ranking
branches, such as XB, ranked the lowest with unsatisfactory operation performance. However, as there
is no other branch near XB, as shown in Figure 2, there is no alternative but to keep this branch. If XB
is removed, it will bring inconvenience to surrounding residents. Therefore, it is not entirely accurate
to use TOPSIS only for comprehensive evaluation. It is more reasonable to apply factor analysis and
assignment method to find redundant bank branches.
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Table 4. Factor analysis of the 17 bank branches of Shaanxi Rural Credit Cooperatives Union in Hanzhong.

Bank Branch
Criterion 1 Criterion 2 Criterion 3 Criterion 4 Criterion 5

F1 F2 F3 F4 F5 F6 F7 F8 F1 F2 F3 F4 F5 F6 F7 F1 F2 F3 F1 F2 F3 F4 F5 F6 F1 F2 F3

YYB 0.102 0.204 0.211 −0.174 0.753 −0.009 0.145 0.159 −0.076 0.142 −0.245 0.772 0.213 0.002 0.092 0.224 0.756 0.069 0.734 0.187 −0.047 −0.113 0.166 0.127 0.019 0.104 0.823
GCA 0.000 0.124 0.089 0.727 0.022 0.041 −0.066 −0.004 0.189 0.130 0.352 0.007 −0.171 −0.211 0.642 0.130 0.824 0.021 0.004 0.071 −0.159 0.133 0.879 −0.072 −0.366 0.636 0.187

JZ 0.810 −0.090 −0.194 −0.082 −0.120 0.015 0.030 0.158 −0.186 0.121 0.004 0.045 −0.772 0.121 0.133 0.844 0.191 0.077 −0.174 0.692 0.272 −0.065 0.013 0.083 −0.452 0.651 0.264
CG −0.172 0.074 0.627 −0.287 −0.030 0.080 0.079 −0.005 0.770 0.012 0.205 0.193 0.030 0.002 0.097 0.860 0.243 0.101 0.836 −0.102 0.173 0.267 −0.142 −0.048 0.933 −0.067 −0.011
CZ 0.090 0.125 0.068 −0.598 0.329 −0.134 −0.104 −0.260 −0.664 0.004 0.050 0.369 0.011 −0.032 0.113 0.836 0.318 0.168 0.430 −0.172 0.314 0.056 0.158 0.305 0.924 −0.131 0.049

GCB 0.103 −0.041 0.115 −0.033 −0.025 0.054 0.852 0.107 0.031 0.059 −0.284 −0.729 0.208 −0.079 0.135 0.617 0.087 0.246 −0.027 0.676 −0.234 −0.067 0.141 −0.215 0.830 −0.357 −0.011
HY 0.102 0.096 0.003 0.466 0.321 −0.628 0.025 −0.030 −0.073 −0.006 0.072 0.012 0.017 0.850 −0.071 0.278 0.483 0.484 −0.744 0.117 0.063 0.064 −0.054 −0.096 0.808 −0.080 0.077
JQ 0.124 0.779 −0.041 0.104 0.042 −0.026 0.213 0.059 0.109 0.227 0.642 −0.268 0.184 0.197 −0.078 0.881 0.227 0.134 −0.448 0.277 0.127 −0.069 0.474 0.361 0.904 −0.098 0.017
XB −0.065 0.277 −0.296 0.078 −0.021 0.716 0.056 −0.024 −0.007 −0.057 −0.180 −0.023 0.131 0.260 0.710 0.825 0.092 0.269 0.597 −0.138 0.194 0.073 −0.134 −0.325 0.801 −0.023 0.062
BG −0.043 0.733 0.033 −0.051 −0.060 0.082 −0.382 0.059 −0.286 −0.673 −0.168 0.046 0.157 −0.034 0.271 0.095 0.030 0.853 0.563 0.029 0.044 0.451 −0.117 −0.071 0.115 0.554 0.435

TDL 0.785 0.298 0.094 0.073 0.033 0.011 0.101 −0.251 0.561 0.052 0.011 −0.063 0.146 0.042 0.116 0.326 0.802 0.049 0.321 0.451 0.417 0.485 −0.153 −0.005 0.872 0.192 0.072
LM 0.241 −0.156 0.200 0.293 0.094 0.647 −0.022 −0.027 −0.467 0.393 0.226 0.016 −0.333 −0.167 0.236 0.794 0.290 0.284 −0.761 0.249 −0.226 −0.216 −0.001 0.038 0.904 0.030 −0.017

RML −0.063 0.148 0.056 0.121 0.052 −0.070 0.127 0.853 −0.015 0.217 −0.752 −0.162 −0.078 −0.030 −0.047 0.863 0.206 0.140 0.002 0.067 0.812 −0.041 −0.115 0.037 0.125 0.053 0.827
JG 0.085 0.017 0.707 0.119 −0.018 −0.107 −0.013 0.105 0.042 0.067 0.320 0.066 0.654 0.081 0.236 0.902 0.200 0.085 −0.394 0.288 −0.354 0.345 −0.351 0.247 0.138 0.787 −0.144
DJ −0.180 −0.194 −0.099 0.072 0.750 −0.047 −0.164 −0.030 0.292 −0.108 0.089 0.061 −0.101 0.705 0.276 0.136 0.683 0.422 0.106 −0.092 0.036 0.084 −0.055 0.779 0.605 0.306 0.195
HG −0.096 −0.158 0.595 0.325 0.235 −0.033 0.121 −0.090 −0.047 0.634 −0.164 0.250 −0.187 −0.006 0.039 0.361 0.190 0.598 0.619 0.054 −0.254 −0.010 −0.145 0.277 0.765 −0.245 0.188
MB 0.428 −0.155 0.031 −0.067 0.110 0.183 −0.458 0.502 −0.080 0.764 −0.050 −0.098 0.230 −0.106 0.143 0.840 0.202 0.121 0.041 −0.165 −0.084 0.805 0.191 0.109 0.880 −0.126 −0.041

Eigenvalue 1.975 1.824 1.528 1.412 1.357 1.275 1.106 1.009 2.357 1.847 1.690 1.358 1.276 1.218 1.080 9.119 1.940 1.153 4.504 1.545 1.415 1.292 1.188 1.028 8.366 2.511 1.249
Variance (%) 11.616 10.730 8.990 8.307 7.980 7.499 6.503 5.937 13.864 10.867 9.943 7.989 7.509 7.167 6.356 53.644 11.413 6.785 26.495 9.086 8.322 7.602 6.986 6.048 49.210 14.771 7.348

Cumulative variance (%) 11.616 22.347 31.337 39.643 47.623 55.122 61.625 67.562 13.864 24.732 34.675 42.664 50.172 57.340 63.695 53.644 65.056 71.841 26.495 35.581 43.903 51.505 58.491 64.539 49.210 63.980 71.328

Note: Boldfaced values represent that the bank branches have greater impact for a given factor (i.e., with a factor loading value > 0.5).
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Table 5. Assignment analysis corresponding to the factor analysis of the 17 bank branches in Hanzhong.

Bank Branch
Criterion 1 Criterion 2 Criterion 3 Criterion 4 Criterion 5

F1 F2 F3 F4 F5 F6 F7 F8 F1 F2 F3 F4 F5 F6 F7 F1 F2 F3 F1 F2 F3 F4 F5 F6 F1 F2 F3

YYB 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GCA 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0

JZ 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
CG 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0
CZ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

GCB 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HY 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
JQ 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
XB 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
BG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

TDL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RML 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1
JG 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0
DJ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

HG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MB 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

Note: Boldfaced bank branches are redundant.
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Table 6. Factor analysis after eliminating redundant bank branches.

Bank Branch
Criterion 1 Criterion 2 Criterion 3 Criterion 4 Criterion 5

F1 F2 F3 F4 F5 F6 F7 F8 F1 F2 F3 F4 F5 F6 F7 F1 F2 F3 F1 F2 F3 F4 F5 F6 F1 F2 F3

YYB 0.288 0.087 0.134 0.741 0.150 0.146 −0.210 0.169 −0.291 0.130 0.021 0.833 0.010 0.168 0.097 0.235 0.815 −0.062 0.663 0.363 0.017 0.062 −0.173 0.201 −0.010 0.066 0.835
GCA 0.015 −0.036 0.029 −0.016 0.097 0.013 0.945 0.032 0.218 0.272 −0.202 0.056 0.394 −0.310 0.540 0.139 0.809 −0.016 −0.061 0.864 0.095 −0.127 0.171 −0.075 −0.412 0.609 0.200

JZ 0.063 0.797 0.079 −0.174 −0.123 0.203 −0.112 −0.142 −0.032 0.052 0.083 0.086 −0.181 −0.862 0.061 0.848 0.194 0.060 −0.177 0.076 0.490 0.586 0.002 0.014 −0.487 0.620 0.276
CG 0.015 −0.036 −0.001 0.050 0.010 0.096 0.024 0.936 0.074 0.019 0.101 0.010 0.893 0.181 0.002 0.865 0.217 0.109 0.873 −0.084 −0.101 0.036 0.108 0.019 0.922 −0.048 0.011

GCB 0.019 −0.028 −0.069 −0.024 0.106 0.884 0.026 0.122 −0.279 0.204 −0.038 −0.755 −0.012 0.281 0.145 0.639 0.150 0.127 0.001 0.099 0.860 −0.073 −0.114 −0.103 0.839 −0.308 −0.020
HY 0.231 0.014 0.751 0.215 −0.053 0.039 0.326 −0.188 0.072 −0.019 0.848 0.069 −0.097 0.013 −0.029 0.305 0.534 0.397 −0.700 −0.199 0.175 0.022 0.081 −0.162 0.834 −0.035 0.082
JQ 0.863 −0.022 0.044 −0.015 0.026 0.123 0.005 −0.052 0.757 0.261 0.160 −0.146 −0.048 0.065 −0.049 0.886 0.229 0.051 −0.540 0.399 0.229 0.191 −0.030 0.314 0.902 −0.059 0.024
XB 0.241 0.041 −0.774 0.004 −0.170 0.068 0.174 −0.143 −0.060 −0.088 0.186 −0.041 −0.031 0.062 0.782 0.839 0.086 0.240 0.732 −0.153 −0.015 0.062 −0.036 −0.187 0.822 −0.009 0.100
BG 0.640 −0.004 −0.210 −0.026 0.073 −0.464 0.047 0.128 −0.086 −0.696 −0.097 0.036 −0.302 0.156 0.368 0.133 0.084 0.929 0.672 −0.096 0.090 −0.107 0.238 0.099 0.090 0.554 0.448

RML 0.131 0.150 −0.106 0.129 0.762 0.124 0.133 −0.207 −0.680 0.312 0.026 −0.061 −0.314 −0.019 −0.007 0.871 0.195 0.105 0.086 −0.122 −0.176 0.862 −0.027 −0.007 0.130 0.065 0.814
JG −0.042 −0.118 0.235 −0.077 0.703 −0.010 −0.010 0.220 0.463 0.150 0.048 0.200 −0.079 0.527 0.327 0.911 0.178 0.052 −0.328 −0.369 0.405 −0.128 0.431 0.248 0.120 0.823 −0.150
DJ −0.244 −0.098 0.040 0.800 −0.070 −0.140 0.143 −0.066 0.061 −0.073 0.735 −0.039 0.321 −0.105 0.250 0.159 0.711 0.385 0.102 −0.054 −0.087 −0.006 0.049 0.899 0.601 0.330 0.207
MB −0.095 0.802 −0.120 0.149 0.156 −0.270 0.069 0.092 −0.002 0.802 −0.131 0.000 −0.103 0.076 0.129 0.857 0.210 0.058 0.132 0.181 −0.143 0.002 0.899 0.017 0.886 −0.085 −0.034

Eigenvalue 1.703 1.545 1.370 1.304 1.196 1.095 0.993 0.859 1.977 1.604 1.370 1.302 1.229 1.073 1.031 6.904 1.684 0.994 3.303 1.397 1.307 1.174 1.097 0.929 5.461 2.419 1.183
Variance (%) 13.102 11.887 10.539 10.032 9.200 8.421 7.641 6.611 15.208 12.337 10.542 10.014 9.450 8.251 7.928 53.104 12.953 7.647 25.404 10.745 10.057 9.033 8.440 7.143 42.007 18.607 9.096

Cumulative Variance (%) 13.102 24.990 35.528 45.561 54.761 63.181 70.823 77.434 15.208 27.546 38.088 48.102 57.552 65.804 73.732 53.104 66.057 73.704 25.404 36.149 46.205 55.238 63.678 70.821 42.007 60.614 69.710

Note: Boldfaced values represent that the bank branches have greater impact for a given factor (i.e., with a factor loading value > 0.5).
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4.4. Using Cluster Analysis to Find Alternative Combinations of Redundant Bank Branches

4.4.1. Verifying the Redundancy of the CZ Bank Branch

In order to test whether CZ is a redundant bank branch, and to find alternative schemes for
CZ, the cluster analysis method is used to analyze five evaluation indexes. Figure 3 shows the
resulting dendrograms.

Sustainability 2019, 11, x FOR PEER REVIEW 13 of 19 

 

4.4. Using Cluster Analysis to Find Alternative Combinations of Redundant Bank Branches 

4.4.1. Verifying the Redundancy of the CZ Bank Branch 

In order to test whether CZ is a redundant bank branch, and to find alternative schemes for CZ, 
the cluster analysis method is used to analyze five evaluation indexes. Figure 3 shows the resulting 
dendrograms. 

(a) Criterion 1 (b) Criterion 2 

(c) Criterion 3 (d) Criterion 4 

 
(e) Criterion 5 

Figure 3. The dendrogram for the 13 bank branches excluding TDL, LM, and HG. 

Based on the dendrogram shown in Figure 3, the results of the five evaluation indexes are 
summarized as follows: 

(a) Based on the Squared Euclidean distance of Criterion 1 (Figure 3a), cluster A3 is divided into 
A31 and A32, indicating that the banking branches in these two classes can replace each other. Thus, 
DJ and YYB can replace CZ. 

(b) Based on the Squared Euclidean distance of Criterion 2 (Figure 3b), CZ and YYB are clustered 
into A21 at a relatively close distance level. Specifically, YYB can replace CZ. 

(c) Based on the Squared Euclidean distance of Criterion 3 (Figure 3c), the JQ and JG can be used 
as alternative banking branches for CZ. 

Figure 3. The dendrogram for the 13 bank branches excluding TDL, LM, and HG.

Based on the dendrogram shown in Figure 3, the results of the five evaluation indexes are
summarized as follows:

(a) Based on the Squared Euclidean distance of Criterion 1 (Figure 3a), cluster A3 is divided into
A31 and A32, indicating that the banking branches in these two classes can replace each other. Thus,
DJ and YYB can replace CZ.

(b) Based on the Squared Euclidean distance of Criterion 2 (Figure 3b), CZ and YYB are clustered
into A21 at a relatively close distance level. Specifically, YYB can replace CZ.

(c) Based on the Squared Euclidean distance of Criterion 3 (Figure 3c), the JQ and JG can be used
as alternative banking branches for CZ.
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(d) Based on the Squared Euclidean distance of Criterion 4 (Figure 3d), cluster A11 can be divided
into A111 and A112, in which bank branches can replace each other. Thus, alternative banking branches
for CZ can be a combination of two or more alternative banking branches from CG, XB, BG, and YYB.

(e) Based on the Squared Euclidean distance of Criterion 5 (Figure 3e), CZ can be replaced by CG.

4.4.2. Verifying the Redundancy of the TDL Bank Branch

Figure 4 shows the cluster analysis dendrograms that verifies TDL as a redundant banking branch
and find alternative schemes for TDL.
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Figure 4 shows that:
(a) Based on the Squared Euclidean distance of Criterion 1 (Figure 4a), cluster A11 is divided into

A111 and A112, so TDL can be replace by JZ.
(b) Based on the Squared Euclidean distance of Criterion 2 (Figure 4b), cluster A22 can be divided

into A221 and A222, thus CG can replace TDL.
(c) Based on the Squared Euclidean distance of Criterion 3 (Figure 4c), TDL can be replaced by

GCA in the A21 cluster.
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(d) Based on the Squared Euclidean distance of Criterion 4 (Figure 4d), cluster A11 can be divided
into A111 and A112, and TDL in the A112 cluster can be replaced by two or more branches in the A111
cluster: CG, XB, BG, and YYB.

(e) Based on the Squared Euclidean distance of Criterion 5 (Figure 4e), TDL and CG are clustered
into A11 at a relatively close distance level. Specifically, CG can replace TDL.

4.4.3. Verifying the Redundancy of the LM Bank Branch

To test whether LM is a redundant bank branch, and to find alternative schemes for LM, the
cluster analysis method is used to analyze five evaluation indexes. Figure 5 shows the results.
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The results in Figure 5 can be summarized as follows:
(a) Based on the Squared Euclidean distance of Criterion 1 (Figure 5a), cluster A12 includes A121

and A122. LM can be replaces by XB.
(b) Based on the Squared Euclidean distance of Criterion 2 (Figure 5b), LM can be replaced by JZ

in the A4 cluster.
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(c) Based on the Squared Euclidean distance of Criterion 3 (Figure 5c), cluster A11 is divided into
A111, A112, and A113, and LM in the A113 cluster can be replaced by two or more banking branches
in A111 and A112: CG, RML, JZ, JQ, JG, and XB.

(d) Based on the Squared Euclidean distance of Criterion 4 (Figure 5d), HY can replace LM in A61.
(e) Based on the Squared Euclidean distance of Criterion 5 (Figure 5e), cluster A11 includes A111,

A112, and A113. LM can be replaced by CG and JQ.

4.4.4. Verifying the Redundancy of the HG Bank Branch

Figure 6 shows the cluster analysis dendrograms to verify HG as a redundant bank branch and
find alternative schemes for HG.
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Figure 6 shows that:
(a) Based on the Squared Euclidean distance of Criterion 1 (Figure 6a), HG can be replaced by JG

in the A71 cluster.
(b) Based on the Squared Euclidean distance of Criterion 2 (Figure 6b), HG can be replaced by MB

in the A41 cluster.
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(c) Based on the Squared Euclidean distance of Criterion 3 (Figure 6c), HG can be replaced by HY
in the A12 cluster.

(d) Based on the Squared Euclidean distance of Criterion 4 (Figure 6d), HG can be replaced by
YYB in the A12 cluster.

(e) Based on the Squared Euclidean distance of Criterion 5 (Figure 6e), cluster A11 is divided into
A111, A112, and A113, and HG in the A112 cluster can be replaced by two or more banking branches
in A111 and A113: CG, JQ, GCB, MB, and HY.

4.5. Comparison and Verification

The literature on commercial banks’ branches can be classified into two categories. One is the
location selection of bank branches [22–28], the other is the redundancy identification of branches
based on the expected distribution of customers by Morrison and O’Brien [29]. The historical operation
data of bank branches are used to investigate five indicators in this paper, so the results of redundancy
identification are more accurate. Furthermore, this paper comprehensively utilizes TOPSIS, factor
analysis, assignment method, and cluster analysis, which is more scientific than the existing methods.
In addition, in order to verify the results of this paper, we conduct field research on four redundant bank
branches (CZ, TDL, LM and HG), and the results show that the redundant bank branches have small
business scale, high operating cost and poor profitability. The alternative combination schemes are
conductive to transferring all kinds of resources of the redundant bank branches to online or the existing
13 bank branches, so as to optimize all kinds of resources, reduce operation cost, fulfill corporate social
responsibility and promote the sustainable operation of Shaanxi Rural Credit Cooperatives Union.

5. Conclusions

This paper utilizes TOPSIS to rank the commercial bank branches according to the evaluation index
system. By using factor analysis and assignment method, we propose an effective optimization method
to identify redundant physical branches of commercial banks and determine alternative combination
schemes by using cluster analysis. Elimination of redundant bank branches can reduce the operating
cost and optimize the overall resources of the bank. It is of great significance to improve the efficiency
of bank branches, expand the scale of business, and fulfill corporate social responsibility. Furthermore,
this study provides a scientific theoretical method for the sustainable operation of commercial banks.

The empirical analysis is carried out by taking the Shaanxi Rural Credit Cooperatives Union’s
physical branches in Hanzhong as an example. The results show that CZ, TDL, LM, and HG are the
redundant bank branches of Shaanxi Rural Credit Cooperatives Union in Hanzhong, and most of
the redundant branches are ranked low in the TOPSIS results. Some branches have good business
conditions, but their business can be replaced, such as LM. While some lower-ranking branches,
although their business conditions are not good, have no alternative due to geographical location and
other reasons, such as XB. According to different evaluation indexes, alternative combination schemes
for each redundant bank branch is respectively determined. The case study establishes that the method
in this paper can be effectively used for redundancy identification and the optimization scheme of
bank branches.

However, the limitation of this paper is that it is difficult to obtain internal data on the daily
performance of the banking industry. Due to cyclical fluctuation, the three-month data used in this
paper may have an impact on the results. In addition, some of the issues raised in this study will
require further investigation. On the one hand, the specific allocation scheme of resources (customers,
staff, equipment, etc.) in redundant bank branches deserve further study. On the other hand, this
paper constructs an evaluation index system to reflect the operation performance of bank branches,
without considering other factors, such as traffic convenience and population density.
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