Chapter 83
Application of DEA-Malmquist Index
in Analyzing Chinese Banking’s Efficiency

Man Ding, Chao-qun Ma, Zhong-bao Zhou and Wen-bin Liu

Abstract The efficiency of commercial banks is important for Chinese banking to
prevent risk and improve the competitiveness, and also the core for China to
deepen financial reform. By using the DEA-Malmquist indices approach, the
efficiency and the efficiency changes of 14 China’s commercial banks during the
period of 2007-2010 were analyzed in this paper. Results showed that the average
efficiency of State-owned commercial banks is generally lower than that of joint-
stock commercial banks and the urban commercial banks, the average efficiency of
urban commercial banks is the highest; the overall efficiency of 14 banks is
improved in 4 year due to efficiency progress and technical advance.

Keywords China’s listed commercial banks - DEA - Efficiency - Malmquist
index

83.1 Introduction

Commercial banks are the main body of China’s financial industry; they play an
important role for China’s economy development and the improvement of people’s
living standard. However, after the 1990s, the control of the commercial banks is
becoming more relaxed with the globalization of economy and financial freedom
in China, especially after China’s entry into the WTO which allows foreign banks
run the business in China, makes the competition between commercial banks
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intensified. Since the U.S subprime mortgage crisis, the financial tsunami makes
we know that the commercial bank efficiency is the key for them to have a place in
the competition. How to improve the efficiency of Chinese commercial banks is
the vital problem to be solved for the bank authorities and the bank decision
makers. Therefore, evaluating the efficiency situation of China’s commercial
banks clearly and correctly, exploring the measures and preferences to improve the
efficiency of China’s commercial banks is priority.

At present, the widespread use of the bank efficiency evaluation method is Data
envelopment analysis (DEA) in academia. DEA which is raised by Charnes et al.
(1978) is an approach for measuring the relative efficiency of peer decision making
units (DMUs) that have multiple inputs and outputs. The essence of DEA is using
the “frontier analysis”, according to a certain standard to construct a production
frontier and the gap between the evaluated bank and the frontier is its efficiency.
The advantages of the DEA method are that it need not give the weight of each
index by people, also need not given the production function form of frontier in
advance, and it can deal the project with multiple outputs and multiple inputs
(Chen and Zhu 2004). So this method used in the same industry to analyze the
efficiency has its own unique advantages. Penny (2004) investigates X-efficiency
and productivity change in Australian banking between 1995 and 1999 using DEA
and Malmquist productivity indexes, and finds that regional banks are less efficient
than other bank types. Total factor productivity in the banking sector was found to
have increased between 1995 and 1999 due to technological advance shifting out
the frontier. Zhu et al. (2004) measured the efficiency of China’s largest 14
commercial banks over the period 2000-2001 using the super-efficient DEA model
and Tobit regression method. The results show that the overall efficiency of the
four state-owned commercial banks is far less than 10 joint-stock commercial
banks, and the excessive number of employees is a major bottleneck restricting the
state-owned commercial banks efficiency. Chen et al. (2005) examine the cost,
technical and allocative efficiency of 43 Chinese banks over the period 1993-2000.
Results show that technical efficiency consistently dominates the allocative effi-
ciency of Chinese banks, and the large state-owned banks and smaller banks are
more efficient than medium sized Chinese banks.

But from most related literature of evaluating the efficiency of commercial
banks, we may find that they mainly adopt DEA model to describe the commercial
banking efficiency status, but the description is basically a static comparison, or
even though the dynamic description, the description is incomplete (Mette and
Joseph 2004; Ariff and Can 2008; Laurenceson and Yong 2008). Therefore, to
evaluate bank efficiency by DEA based on Malmquist index began to be widely
used. Zhang and Wu (2005) analyzed the efficiency change of China’s commercial
banks during the period of 1999-2003 using all Input-Oriented Malmquist Index
approach. Gao (Gao et al. 2009) studies the panel data of primary commercial
banks over the period of 1997-2006, and it calculates the total factor productivity
and its decomposition indexes based on the DEA-based Malmquist productivity
index. Maria et al. (2010) develop an index and an indicator of productivity change
that can be used with negative data and use RDM efficiency measures to arrive at a
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Malmgquist-type index, which can reflect productivity change, and use RDM
inefficiency measures to arrive at a Luenberger productivity indicator.

This paper has introduced the theory of related DEA model and Malmquist
index and analyzed the inputs and outputs selection of 14 China’s listed com-
mercial banks, and measured the efficiency and the dynamic changes of the effi-
ciency of 14 China’s listed commercial banks during the period of 2007-2010.

83.2 Methodology
83.2.1 DEA Model

Consider we have n DMUs, and that each DMU; (j = 1,2, .. .,n) has m inputs and
s outputs. Suppose X;, ¥; are the input and output of DMU;, and X; = (xy;, Xz,
o Xmi)s Yy = (01, Y255 - - -, Vyi)» then we can define the DEA model as follows:

min 0
n
s.t. Z A.JXJ < HXjO
=0

> 4Y; =Y

=0
2;>0,j=0,1,2,....,n

(83.1)

where /; are the weights of input/output indexes, 0 is the efficiency score. And if
0 <1, the DMU is inefficient; If 6§ = 1, the DMU is efficient.

83.2.2 Malmgquist Index Model

Malmquist index model was brought out by Malmquist in 1953 in the process of
analyzing consumption. Nishinizu and Page firstly used this index to measure the
change of productivity, since then the Malmquist index model was combined with
DEA theory and has a wide use in measuring the efficiency of production
(Nishimizu and Page 1982). The Malmquist index is defined as:

o=

Dt+l(xl+l7yt+l) Dl(xt+l’yt+l)

Ml,l+1 =t _ %
fp D’H(x’,y’) Df(x’,yt)

(83.2)

From model (2) we cam see that Malmquist index is an efficiency index, which
represents the efficiency changes from ¢ to ¢+ 1. If Malmquist > 1, then the
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efficiency of DMU is improved; If Malmquist = 1, then the efficiency of DMU is
unchanged; If Malmquist <1, then the efficiency of DMU is declined.

Further, Malmquist Index can be decomposed into two components, which is
efficiency progress index (effch) and technical change index (tech):

Dz+1 (xt+1 , yt+1)
D’(x’,y’)
1
D' y™h) D'y
Dt+1(xt+17yt+l) DHl(x’,yt)

effch =
(83.3)
tech =

Effch is defined as the efficiency improvement part, represented the manage-
ment level change in two periods—“catching-up effect” which measures the
commercial bank management performance is more close to the current production
frontier. Tech is defined as part of the technology progress, representing the shift
of the production frontier in two periods— “frontier-shift effect”. What’s more, the
effch can also be decomposed into pure technical efficiency (pech) and scale
efficiency (sech):

effch = pech x sech (83.4)

83.3 Empirical Analysis
83.3.1 Data Sources

According to the principle of representative, accessibility and integrity, this paper
selects 14 listed commercial banks as research objects during 2007-2010. They are
Bank of China (BC), China Construction Bank (CCB), Industrial and Commercial
Bank (ICBC), Bank of Construction (BCM), China Merchants Bank (CMB),
Industrial Bank (CIB), Citic Bank (CITIC), Shanghai Pudong Development Bank
(SPDB), Minsheng Bank (CMBC), Hiaxia Bank (HXB), Shenzhen Development
Bank (SDB), Beijing Bank (BOB), Nanjing Bank (NOB) and Ningbo Bank (NBB).
The input—output data of the banks is from each listed commercial bank’s
“Published Financial Statements in 2007-2010” and “Chinese Financial Statistics
Yearbook in 2007-2010".

83.3.2 Indexes Selection

Reasonable definition of inputs and outputs of banks is the key problem using
DEA model to measure efficiency of the commercial banks. Recently, the gen-
erally accepted method in division of inputs and outputs of the bank in
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international financial academics are three principal schools: production approach,
the intermediation approach and asset approach (Zelenyuk 2006; Feng and Serletis
2010; Giokas 2008).

The production method regards banks as producers which use labor force and
their own capital to generate deposits and loans. The number of loan and deposit
account is usually seen as outputs, while the number of employees and the capital
are seen as outputs in this method.

The intermediary approach consider banks as financial intermediaries where
deposits are converted into loans, and getting the profits from the income of loans and
investment. Therefore, intermediary method takes fixed capital, labor, and various
interest cost as the inputs, and takes all kinds of loans and investments as the outputs.

The Asset approach also regards banks as financial intermediaries. Usually the
liabilities on the balance sheet are regarded as inputs, and the loans and invest-
ments are regarded as outputs.

According to the China’s listed commercial banks’ characteristics and the
requirements of DEA model, the inputs of the China’s listed commercial banks in
this paper are the number of employees, fixed assets, operating expenses and
deposits; the outputs are loans and revenue which can seen in Fig. 83.1.

83.3.3 The Empirical Results

Based on DEA and Malmquist indices, we calculate the efficiency of China’s listed
commercial banks from 2007 to 2010 which can be seen from Table 83.1 and
Efficiency change of China’s listed commercial banks’ Malmquist index during
2007-2010 which can be seen from Table 83.2 by matlab.

According to the empirical results in Table 83.1, we conduct the following
analysis:

First, from the aspect of time window, we can find that the average efficiency
scores of 14 China’s listed commercial banks are all less than 1, this shows that
each listed commercial bank is DEA inefficient. And the overall efficiency of
China’s banks shows a declined trend, from 0.982 in 2007 down to 0.979 in 2010.

Fig. 83.1 The inputs and number of
outputs of the China’s listed employees
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Table 83.1 The efficiency score of China’s commercial banks during 2007-2010

Banks 2007 2008 2009 2010  Average
BC 0970 0938 0.949 0980 0.959
CCB 0971 0901 0981 1.000 0.963
ICBC 0930 0.858 0.943 0900 0.908
BCM 1.000 0.988 1.000 1.000 0.997
CMB 1.000  0.980 0936 1.000 0.979
CIB 1.000 1.000 1.000 1.000 1.000
CITIC 1.000  0.990 1.000 1.000 0.998
SPDB 0993 1.000 1.000 1.000 0.998
CMBC 1.000 1.000 1.000 1.000 1.000
HXB 0935 0936 0923 0962 0.939
SDB 1.000  1.000 1.000 0.992 0.998
BOB 1.000 1.000 1.000 1.000 1.000
NOB 1.000 1.000 1.000 1.000 1.000
NBB 0947 0909 1.000 1.000 0.964
Average score of state-owned banks 0968 0921 0968 0970 0.957
Average score of joint-stock commercial banks 0990 0987 0980 0.994 0.987
Average score of urban commercial banks 0982 0970 1.000 1.000 0.988
Average 0982 0964 0981 0988 0.979

Table 83.2 The Malmquist Index score of China’s commercial banks during 2007-2010

Banks effch tech pech sech tfp

BC 1.003 1.026 1.000 1.003  1.029
CCB 1.010 1.063 1.000 1.010 1.073
ICBC 0989 1.039 1.000 0.989 1.028
BCM 1.000  1.027 1.000  1.000 1.027
CMB 1.000 0995 1.000 1.000  0.995
CIB 1.000  1.034 1.000 1.000 1.034
CITIC 1.000 0982 1.000 1.000 0.982
SPDB 1.002 0999 1.000 1.002 1.001
CMBC 1.000 0.832 1.000 1.000 0.832
HXB 1.010  0.991 1.015 0995 1.001
SDB 0997 1.042 1.000 0.997 1.048
BOB 1.000  1.015 1.000 1.000 1.015
NOB 1.000  1.023  1.000  1.000 1.023
NBB 1.018 0989 1.000 1.018 1.007
Average score of state-owned commercial banks  1.001 1.039  1.000 1.001 1.039
Average score of joint-stock commercial banks 1.001 0982 1.002 0.999 0.985
Average score of urban commercial banks 1.006  1.009 1.000 1.006 1.015
2007-2008 0981 1.039 1.001 0981 1.019
2008-2009 1.018 0936 0999 1.019 0953
2009-2010 1.008 1.037 1.004 1.004 1.045
2007-2010 1.002 1.003 1.001 1.001  1.005
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At the same time, the efficiency score in 2008 is the lowest which indicates that the
financial crisis had more adverse impact on Chinese banking industry and the risk
defense ability of Chinese banking industry is insufficient.

Second, from the bank ownership form, we can find that average efficiency
score of urban commercial banks is the highest in the 4 years, reach up to 0.988;
the average efficiency score of joint-stock commercial banks is the second; The
lowest efficiency score is state-owned commercial banks, only 0.957. In addition,
we may find that the average efficiency scores of the urban commercial banks all
achieve the DEA efficient respectively on 2008 and 2009 which shows the
Operation efficiency of urban commercial banks are Overall good.

Third, from the average efficiency score of each commercial bank in 4 years,
we can find that all state-owned commercial banks are DEA inefficient. For the
joint-stock commercial banks, CIB and CMBC are all DEA efficient in 4 years,
BOB and NOB are also DEA efficient. Moreover, ranking in the last three places
respectively is BC, HXB and ICBC.

We evaluate the efficiency of 14 China’s listed commercial banks above using
DEA method, but this method calculates the efficiency of the commercial banks
from static goniometer, namely horizontal comparison of the efficiency in the same
period of different commercial banks which is not suitable for the longitudinal
description of the dynamic changes of the efficiency in a period. So we measure
the dynamic changes of the efficiency of the commercial banks in China using the
Malmquist index to make the evaluation of the efficiency of Chinese commercial
banks more detailed and more comprehensive.

According to the empirical results in Table 83.2, we conduct the following
results:

First, the average Malmquist index of the 14 China’s listed commercial banks
from 2007 to 2010 is 1.005, greater than 1, which means the overall efficiency of
China’s banks is rising. The overall efficiency during the period of 2007-2008 and
2009-2010 are all rising but the efficiency in 2008-2009 is only 0.953, less than 1
the reason is the negative influence of financial crisis. In addition, the average
Malmquist index of joint-stock commercial banks is less than 1, is declined in four
yeas. The largest increased efficiency is state-owned commercial banks. The
efficiency of CMB, CITIC and CMBC is declined in 4 years, and the efficiency of
SPDB and HXB is nearly unchanged, and the others are rising.

Second, the overall improved efficiency of 14 China’s listed commercial banks
is due to the increase of the efficiency progress (effch) and the technical change
(tech). The overall declined efficiency of the joint-stock commercial banks is due
to the decrease of the technical change (tech). And the increase of the state-owned
commercial banks is mainly due to the decrease of the technical change (tech).
Moreover, for the increase of efficiency progress (effch) of the urban commercial
banks is mainly due to the increase of scale efficiency (sech).
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83.4 Conclusion

The paper has introduced the theory of related DEA model and Malmquist index
and analyzed the inputs and outputs selection of 14 China’s listed commercial
banks, measured the efficiency and the dynamic changes of the efficiency of 14
China’s listed commercial banks during the period of 2007-2010. Through the
analysis, the results show that the average efficiency scores of 14 China’s listed
commercial banks are all DEA inefficient. The average efficiency score of urban
commercial banks is the highest in the 4 years, the average efficiency score of
joint-stock commercial banks is the second and the lowest efficiency score is state-
owned commercial banks. The average Malmquist index of the 14 China’s listed
commercial banks is greater than 1, and the overall improved efficiency of 14
China’s listed commercial banks is due to the increase of effch and tech.
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