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Operational Environment-adjusted Bank Efficiency in China

Student: Chih-Yuan Lee Advisor: Dr. Jin-Li Hu

Institute of Business and Management
National Chiao Tung University

ABSTRACT

Applying the four-stage data envelopment analysis (DEA) approach proposed by
Fried et al. (1999), this thesis studies the operational environment-adjusted efficiency of
eleven nationwide banks in China from 1995 to 2004. In addition to managerial factors,
the operational environment also brings fayorable and unfavorable effects to banks. This
study attempts to separate the inefficiency caused by management and inefficiency caused
by operational environment. There are two outputs (investment and loans) and three
inputs (deposits, employees, and fixed assets)in the DEA model. All nominal variables
are transformed into real variables by the ‘GDP deflators at the 1995 price level. After
adjusting the input variables by excluding effects caused by environmental factors,
state-owned banks have a greater improvement on efficiency. This implies that the
joint-equity ownership significantly favors nationwide banks in China. State-owned banks
can hence engage in ownership reform to improve their efficiency.

Keywords: data envelopment analysis, DEA, banking efficiency, environment-adjusted,

slack-based measure, decomposition of inefficiency, banking, China
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1. Introduction

1.1 Background of banking in China

As a communist regime in China, there was basically a mono-banking system in China.
The whole banking industry was regulated by central government. From 1949 to 1958, the
banking system was dominated by People’s Bank of China (PBC) and the other three major
banks: Agriculture Bank of China (ABC), People’s Construction Bank of China (PCBC) and
Bank of China (BOC). The PBC which was under the jurisdiction of Ministry of Finance of
State Council of People’s Republic of China played the role as the central bank and
commercial bank to combine the functions of monetary, banking, and commercial business
affairs. The other three major banks took charge of rural loan, industrial and commercial
loan and foreign exchange affair, respectively.s. However, under the impact of the political
disturbance such as Great Leap Forward and Great Proletarian Cultural Revolution from 1958

to 1977, the banking system became disordered:

In 1978, the Third Plenary Session of the Eleventh Central Committee of the
Communist Party of China made the decision to conduct major reforms in country’s banking
system. The State Council gradually restored the function of the three major banks of ABC,
PCBC, and BOC in 1979. The PBC was directly under the jurisdiction of State Council
since 1983, no longer under the Ministry of Finance, to be the national banking institution as
Central Bank, a government agency that leads and oversees the banking system, by definition
of Mishkin (1995). In 1984, Industrial and Commercial Bank of China (ICBC) was
established to become the four major state-owned commercial banks with ABC, PCBC and
BOC. More detailed introduction of the development process of China banking history can

be glanced in Cai and Lin (2003).



The State Council of the People's Republic of China in 1985 permitted the establishment
of nationwide joint-equity commercial banks. Bank of Communication (BOCOM) is the
first nationwide joint-equity commercial bank founded in 1986. In the end of 2004, there

were twelve nationwide joint-equity commercial banks.

In 1994, the State Council set up three state policy-related banks to handle the certain
investment in accordance with government policy. For example, the biggest one of the three
policy-related banks, China Development Bank (CDB) mainly issues loans to support the
major construction of electricity power, highway, railway, petro-chemistry, and
communication of the country. Export-Import Bank of China provides the loans lending to a
trading company and foreign government. Agricultural Development Bank of China
(ADBC) issues loans on purchase of crop such as_grain, wheat, cotton, etc. However, the
policy-related banks continue to lack sufficient branch networks and capital necessary to

effectively engage in policy lending.

With the opening and reform in banking system since 1978, China continues improving
her banking performance to fit the modernization and internationization. Especially after
joining World Trade Organization (WTO) in 2001, China keeps on following the regulation of
WTO to try her attempt to compete with foreign banks around the world. It will be an

intriguing issue to investigate the banks’ performance in China.

1.2 Research motivation

China is becoming more and more gigantic and important economic unity in the world
during the latest decade. Especially in 2007, in order to carry out the commitment to

participate WTO, China will need to wholly open her financial market to WTO members to



allow foreign banks set up their branches in mainland China. For the sake of surviving and
competing, China aggressively speeds her path to expand and reform. The severely rising

growth of banking business can be addressed in Table 1 as below.

Table 1. Business changes of the state-owned and stock-shared banks in China from

1996 to 2003
1996 2003 Change %
Total Assets of state-owned banks
5563.15 15640.01 181.14%
(Billion RMB)
Total Assets of stock-shared commercial banks
627.26 3890.55 520.25%
(Billion RMB)
Total loans of state-owned banks
5355.79 11194.01 109.01%
(Billion RMB)
Total loans of stock-shared commercial banks
288.62 1388.75 381.17%
(Billion RMB)
Employees of state-owned banks
1,726,482 1,479,330 -14.32%
(persons)
Employees of stock-shared commercial’banks.
58,532 85,490 46.06%

(persons)

Note: 1. Statistics are based on the Almanac of Ghina’s Finance and Banking.

2. The monetary unit is People’s Currency (RMB) in billion.

In the year of 2003, the amounts of total assets of the state-owned banks are at 15640.01
billion People’s Currency (RMB), the 2.81 times of 1996. The amounts of total assets of
stock-shared commercial banks are at 3890.55 billion RMB, the 6.20 times of 1996. The
employees of stock-shared commercial banks increased 46% from 1996 to 2003; meanwhile,
there was a 14% decline of staff of the state-owned banks. The total loans also increase
109% and 381% respectively during the same periods. It is obvious that these nationwide
banks have a rapid and lots of growth in business operation, and the stock-shared commercial
banks recruit more employees while the state-owned commercial banks cutback in personnel.

This may imply that China is preparing to face the challenge.
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Table 2. The growth of investments, loans and deposits of banks from 1996 to 2003

Inv./Dep. L./Dep. (I+L)/D

Period Ownership Type  Investments Loans Deposits
Ratio ratio ratio
1996  State-owned banks 4421.41 46062.56 60317.95 0.073 0.764 0.837
Joint-equity banks 552.97 2482.24 3551.13 0.156 0.699 0.855
1997 State-owned banks 3784.71 48527.38 63106.86 0.060 0.769 0.829
Joint-equity banks 567.64 2672.68 3931.29 0.144 0.680 0.824
1998  State-owned banks 5506.26 48754.86 59513.39 0.093 0.819 0.912
Joint-equity banks 715.65 2887.76 4477.62 0.160 0.645 0.805
1999 State-owned banks 6767.13 51405.30 75159.74 0.090 0.684 0.774
Joint-equity banks 731.44 3044.67 3487.59 0.210 0.873 1.083
2000 State-owned banks 11119.22 47199.14 76910.29 0.145 0.614 0.758
Joint-equity banks 902.35 3696.88 4258.75 0.212 0.868 1.080
2001 State-owned banks 15882.02 51116.41 63586.75 0.250 0.804 1.054
Joint-equity banks 1512.53 4790.66 6142.59 0.246 0.780 1.026
2002 State-owned banks 17646.98 53205.36 66653.35 0.265 0.798 1.063
Joint-equity banks 1909.24 5908.76 7224.47 0.264 0.818 1.082
2003 State-owned banks 18021.71 55130.35 67260.81 0.268 0.820 1.088
Joint-equity banks 2150:98 6839.55 8314.86 0.259 0.823 1.081

Note: 1. Statistics are based on the A/manac of China’s Financeland Banking.

2. The monetary unit is People’s Curreney(RMB)‘in billion.

Behind the aggressive growth and expansion of banking business, however, it seems that
Chinese banks still operate in the old manner that is only to increase the volume of business
without improving management. Table 2 shows the growth of investments, loans and
deposits of nationwide banks in China. A much higher loan-to-deposit ratio but a much
lower investment-to-deposit ratio means that these banks acquire deposits and then only issue
loans obviously; they have poor ability to plan good investment projects to create more profits.

This may be a reason for wasting inputs or causing inefficiency.

Besides a thorough review of banking industry in mainland China can bring a complete

understanding of current status in Chinese financial market. Taiwan also joined WTO in



2001 and will face the same challenge of opening financial market, too. It is quite indeed

necessary for Taiwanese banks to know earlier their opponents from China.

1.3 Research objective

Via a four-stage data envelopment analysis (DEA) approach proposed by Fried et al.
(1999), this study measures Chinese bank efficiency and examines the influence from external
factors to banks’ performance. This approach separates the pure managerial inefficiency
caused by managers and inefficiency caused by operational environment from overall
inefficiency. Previous efficiency analysis of banking institutions are numerous, but only
very limited studies focused on the influence of the operational environment. The four-stage
DEA application proposed by Fried etal!(1999).is as follows: The relative performance of
each bank can be examined in the first stage; the significant external factors which are indeed
influence the banks’ performance can -be identified in the second stage; the overall
inefficiency can be decomposed into the pure managerial inefficiency and the inefficiency due
to operational environment in the final stage. Figure 1 illustrates the research framework of

this study.

The reminder of this thesis is organized as follows: Section Two is the literature
review. Section Three clearly describe the methodology adopted in this study. Section
Four presents the empirical findings and analysis. Section Five is the conclusion and

limitation of this study.



RESEARCH BACKGROUND
& MOTIVATION

A 4

RESEARCH SUBJECTS
& OBJECTIVES

l

LITERATURE REVIEW

DATA COLLECTION

v

RESEARCH METHODOLOGY
DATA ENVELOPMENT ANALYSIS

l

[ EMPIRICAL RESULTS }

'

[ CONCLUSIONS & LIMITATIONS }

Figure 1. The framework of this study




2 Literature Review

2.1 Literature review of Data Envelopment Analysis approach

Farrell (1957) proposed that the efficiency of a firm consists of two components:
technical efficiency and allocative efficiency. The former reflects the ability of a firm to
obtain maximal output form a given set of inputs, and the later reflects the ability of a firm to
use the inputs in optimal proportions. These two measures are combined to provide a
measure of total economic efficiency. Based upon above propositions, Charnes et al. (1978)
proposed a linear program model to minimize the total inputs under the given outputs. It is
called as CCR model named by the alphabetical order of their last names. Moreover, in their
paper, the term “data envelopment®analysis; DEA” was first used. The authors also
introduced a phrase “decision making unit; DMU’™ which represents the firm or unit that be

observed or evaluated. This CCR model'will be introduced in detail in Methodology.

Since the pioneering work by Charnes et al. (1978) introducing DEA approach, it has
been used to assess comparative efficiencies of firms in a wide range, for example, in
secondary schools (Smith and Mayston, 1987; Thanassoulis and Dunstan, 1994), police forces
(Thanassoulis, 1995; Drake and Simper, 2005), farms (Thompson et al., 1990), public sector
in local government (Worthington and Dollery, 2000); waste management (Worthington and

Dollery, 2001), etc.

2.2 Literature review of bank efficiency around the world

Efficiency studies in finance and banking via DEA are also voluminous in recent years.

Ayadi et al. (1998) attempted to determine the quality of bank management in Nigeria by



using DEA approach from 1991 to 1994. Karim (2001) investigated the cost efficiency of
155 banks from five ASEAN countries during the period from 1989 to 1996. Krivonozhko
et al. (2002) made the efficiency analysis of 150 Russian banks in 1998, just after the banking
default in Russia in the same year. Pastor and Perez (2002) analyzed cost and profit
efficiency of banks in ten countries of the European Union during the period from 1993 to
1996. Jemric and Vujcic (2002) evaluated bank efficiency in Croatia from 1996 to 2000 by
using the DEA approach. Sathye (2003) measured the productive efficiency of banks in
India during the period from 1997 to 1998. Ozkan-Gunay and Tektas (2006) measured the

technical efficiency of Turkish non-public banks from 1990 to 2001 via CCR DEA model.

Based upon the decomposition technical efficiency from pure technical efficiency and
scale efficiency, Aly et al. (1990) utilized a nonpatametric frontier approach to compute the
overall, technical, allocative, and-scale efficiency for a sample of 322 U.S. independent banks
in 1986. They took real estateloans, commercial and industrial loans, consumer loans, all
other loans and demand deposits as‘five outputs, labor, capital and loanable funds as three
inputs and three price information of each input. Their empirical results indicated that their
sample banks are characterized by relatively low level of overall efficiency, and these banks
could produced the same level of output by using only 65% of the inputs actually used.
Thus, inefficiency in these banks might be attributed to under-utilization or wasting of inputs.
For the advanced analysis, the pooled sample banks were split into two sub-samples: banks
that are allowed to operate branches (212) and those that are prohibited from operating
branches (110) to test the null hypothesis that the two sub-sample banks were drawn from the
same population (environment). Their null hypothesis could not be rejected in their study,
which means the two sub-sample banks would face the same environment. Finally, they

used multiple regression analysis to conclude that the diversity of financial products and bank



location are significantly accounted for the inefficiency.

Huang (1997) conducted a translog cost function with three inputs (deposits, labor and
capital) and three outputs (financial investment, short-term loans and long-term loans) to
examine the cost efficiency of twenty-two banks in Taiwan from 1981 to 1992. In 1992,
Taiwan regulatory government allowed the establishment of new stock-shared bank and its
branches. Huang almost described clearly the process of bank evolution and the business
operation of Taiwan’s banks, and his work is almost a complete review before the Taiwan’s
financial opening in 1992. The input-output variable specification and translog cost function

in his model are almost followed by later studies.

Seiford and Zhu (1999) examinded the performance of the top fifty-five U.S. commercial
banks via two production process which separates -profitability and marketability. Their
two-stage production is profit earning.in the first stage and market value generating in the
second stage. Their sample banks were drawn from the Fortune 1000 (Fortune April 29,
1996), ranking by revenue. Their procedure is divided into two stages and eight factors are
expressed as inputs and outputs in each stage. The first stage measured profitability, i.e., a
bank’s ability to generate the revenue and profit in terms of its labor, assets and capital in
financial market. The second stage measures marketability, i.e. a bank generates market
value, total returns to investors, and earnings per share in the stock market by profit and
revenue. It can be seen that profit and revenue serve as mediator in bank production that
they are the outputs from the first stage and the inputs to the second stage. The efficiency of
both two stages is based on CCR DEA model. Their empirical findings indicated that close
to 90% of the banks are inefficient in both profitability and marketability. Furthermore, most

large banks exhibit better performance on profitability, whereas smaller banks tend to perform



better with respect to marketability. This suggested that bank size may have a positive effect

on profitability but negative effect on marketability.

With respect to the extended application of DEA measurement, Kao and Liu (2004)
attempted to predict the performance of twenty-four commercial banks in Taiwan via CCR
DEA model. They claimed the insufficiency of prediction only by using financial ratios such
as ROE, EPS, P/E ratio, etc. The prediction of the sample banks is based on their own
financial forecasts disclosed by themselves. The uncertain forecasts of financial data are
presented in ranges (lower and upper bound), so the results of the prediction of the efficiency
scores which are computed by interval data are also in ranges. According to the comparison
of the results form their prediction and traditional financial ratios, a bank that had several
financial poor ratios last year could obtain higher predicted efficiency scores next year.
Therefore, the authors suggested that it is misleading to only use financial ratio analysis to
examine, evaluate, and even to forecast the performance of a bank, especially in the financial

environment with rapid changes and intense competition.

Wang et al. (2005) used nonparametric DEA models, including CCR, BCC, Bilateral,
Slack-Based Measure and the FDH models, to evaluate the overall, pure and scale efficiencies
of the sixteen nationwide commercial banks in mainland China. The sixteen banks in China
are classified into two ownership groups: four state-owned banks and twelve stock-shared
banks. The authors used total capital and total assets as the two input variables, and net
profit, return on equity (ROE) and return on assets (ROA) as the three output variables.
Their study concluded with three findings below: First, the FDH model analysis can not
distinguish between efficient and inefficient banks from their sample banks; nevertheless, the

CCR and BCC models can do. Second, seven banks is in the increasing returns-to-scale
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stage, which means that those banks can improve their performance by increasing their size,
and the others are in the decreasing returns-to-scale stage. Third, on average, the
stock-shared banks have higher efficiency than the state-owned banks do. However, the
authors only took year 2004 as study period. The neglect of panel data might cause
incomplete results. They either did not consider the environmental factors which influence
the performance directly and indirectly that it is not adequate to define the reason of

inefficiency.

Cheng and Dran (2005) used stochastic frontier model to estimate the efficiency of
nineteen major banks in China from 1998 to 2002. With respect to the effect of exogenous
factors on bank’s inefficiency, they concluded that joining WTO is a positive force to improve
the efficiency of China banking industry, howevety the duration of establishment, the amount
of total loans and the state-owned ownership are negative factors to account for the efficiency.
It is suggested that the ownership reform to-stock-shared type and decrease of total loans can

improve the efficiency under the current.ciccumstance.

Howland and Rowse (2006) used the DEA model to measure the efficiency of branches
of a major Canadian bank to compare with the results of a U.S. bank studied by Golany and
Storbeck (1999) during the same period. With almost the same input and output variables,
the U.S. bank has higher averaged efficiency score; however, the score distribution of the
Canadian bank is more central (with lower standard deviation of efficiency scores). The
reason may be the sole regulatory supervision and banking regulation in Canada. The

authors asserted that Canadian banks are more homogenous rather than U.S. banks.

Hu et al. (2006) investigated the efficiency of twelve nationwide banks in China from

11



1996 to 2003. They used standard CRS and VRS DEA model to make the cost efficiency
analysis and seemingly unrelated regression model to examine the relation of external
operational environment and banks’ performance. Their empirical findings indicate as
follows: First, nationwide joint-equity commercial banks have significantly higher cost,
overall technical, and scale efficiencies, but lower pure technical efficiency than state-owned
specialized banks. The next, a marginal increasing relation exists between the deposit-loan
ratio and cost efficiency and an inverted U-shape relation exists between the deposit-loan ratio
and overall technical as well as scale efficiencies. Third, small-sized banks have higher cost
and allocative efficiencies than large-sized banks do. Fourth, the twelve banks have lower
cost efficiency after the 1997 Asian financial crisis and 2001 WTO participation, and they
have lower overall technical, pure technical, and scale efficiencies after 2001. Finally, the
twelve sample banks have significantly increasing overall technical and scale efficiencies

from 1996 to 2003.

With respect to an attempt to further disecussion on the relation of banks’ efficiency and
their stock returns, Kirkwood and Nahm (2006) surveyed the cost efficiency of Austrian
banks during the period from 1995 to 2002. Since the Austrian banking is dominated by
four banks (the major banks), the authors utilized the VRS DEA model to compare the
performance of the major banks and regional banks. The authors used two datasets with the
same input components (employee, net fixed assets and interest-bearing liabilities) but the
different output components (interest-bearing assets and non-interest income versus profit
before tax) to investigate the banking service efficiency and their findings indicated that the
major banks have better profit but poorer banking service efficiency. Based upon their
computation of profit efficiency scores, the authors then used multiple regression, taking the

excess return on stock (return on stock minus the risk free rate) as independent variable and

12



taking excess market return and percentage change in profit efficiency as dependent variables,
to test the significance of efficiency on stock return. Efficiency changes of banks are fully

reflected in stock returns.

2.3 Literature review of bank efficiency in China

In order to be much closer to the real status of commercial banks recently in China, it is
also necessary to review the papers which are studied by local researchers from mainland

China to comprehend the empirical evidence from their studies with their own perspectives.

Chang (2003) utilized the basic DEA model and Malmquist Total Factor Productivity
Index (Malmquist TFP Index) to make jan ‘dverall analysis on efficiency of three types of
commercial banks ( state-owned=4, joint-equity:, 10;.city-owned: 37) in China from 1997 to
2001. Three inputs (capital, fixed assets-and total expenditure) and three outputs (deposits,
loans, and earnings before tax; EBT) were used in the study. The author also compared the
results of original and adjusted technical efficiency by excluding bad loans from total loans to
examine the effect of management. The author concluded that the stock-shared banks have
higher relatively efficiency, and state-owned banks have a large amount of bad loans which
indeed decreased the performance. Besides, the three types of banks presented an efficiency
improvement from 1997 to 2001 according to Malmquist TFP Index analysis. Among the
papers studied by local researchers in China, especially focused on banking efficiency
analysis via DEA approach, Chang (2003) adopted more comparatively intact sample sizes

and periods. It is one of a few better studies.

Liu (2004) took two outputs (interest income and non- interest income) and three inputs

(fixed assets, employment, and total expenditures) to evaluate technical, pure technical, and

13



scale efficiency of fifteen commercial banks in China during the period from 2000 to 2002.
The fifteen sample banks were classified into two ownership types (state-owned and
joint-equity) to compare the performance. The author also classified five groups of the
sample banks by total assets to suggest that the most efficient scale of assets is 1001 to 3000
billion RMB dollars. The conclusion that technical inefficiency results from the scale
inefficiency for both the state-owned and joint-equity banks was obtained. The scale

inefficiency is more serious especially in state-owned commercial banks.

Li and He (2005) claimed the importance of the quality of loans to banks, thus they took
the risk into consideration to measure the efficiency of fourteen commercial banks in China
from 1998 to 2000. The two output variables were EBT and total loans. The five input
variables were employment cost, total deposits, fixed assets, risk index, and return on assets
(ROA). The risk index was defined as the weighted-average of the capital and allowance of
bad loans, because the allowance of badloans-was positively interrelated to capital, the ability
to neutralize the risk. The authors finally concluded that the technical efficiency of the
stock-shared banks is better than that of state-owned banks. The inefficiency results from
pure technical inefficiency in state-owned banks, but from scale inefficiency in stock-shared

banks.

Pong et al. (2005) measured the pure technical and scale efficiency of fourteen
commercial banks in China. They used the panel data consisted of three outputs (loans, EBT
and investment) and three inputs (total liability, employees and total expenditure) during the
period of 1993 to 2003. They also transformed all nominal variables into real variables by
the GDP deflators by using 1993 as base year. Their empirical findings claimed that the

joint-equity banks had higher technical efficiency with lower standard deviation of efficiency
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scores before 1996, but the results turned opposite after 1997 to 2003. Therefore, the
authors asserted that it is perhaps not necessary for state-owned commercial banks to wholly

privatize to obtain higher efficient performance.

Mao (2006) used a DEA regression model to establish a production function of
commercial banks in China via Cobb-Douglas production function. There were fourteen
banks in the study. The author used three output variables (net income, loans, and deposits)
and three input variables (capital, expenditures, and fixed assets) from 1995 to 2002. The
empirical results indicated that the sole ownership held by government was the main reason
causing lower efficiency. Thus, the author clearly suggested that the joint-equity type is an

effective pattern of ownership reform for Chinese banking industry.

Among the studies focused on Chinese.banking evaluation studied by Chinese local
researchers, there are few ones took into account external factors which influenced
performance of banks. Zhu et al. (2004) utilized two-stage procedure to conduct an
advanced analysis on fourteen commercial banks’ efficiency from 2000 to 2001. They
computed the efficiency scores via DEA model first, and then they examined the significance
of environmental variables via Tobit regression to confirm the significant variables which
indeed influenced the efficiency and / or inefficiency. Their empirical findings indicated that
the stock-shared banks have higher efficiency scores than state-owned banks do, and the ROE,
ownership type and location of the environmental factors do significantly account for the
inefficiency.  Moreover, this study further suggested that the ownership reform for
state-owned commercial banks should be an optimal approach to improve these banks’

efficiency.
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2.4 Literature review of efficiency focused on environment-adjusted analysis

Previous study on the external operational environment and measures of efficiency
based on DEA model can be broadly classified into two categories: the all-in-one approach

and the two-stage approach.

The all-in-one approach first proposed by Charnes et al. (1981) includes the external
operational environment variables directly in the linear programming (LP) formulation along
with the traditional inputs and outputs. The external factors which are from the operational
environment and indeed influence the firms’ performance are treated as the additional inputs
and outputs along with the real inputs and outputs in the same LP formulation to analyze.
However, an additional input and output variables from external factors could wrongly
estimate the real efficiency. If the operational environment enters the LP formulation as an
input, this implies that more outputs, could be produced, suggesting that the operational
environment is favorable. If the”operational environment enters the LP formulation as an
output, this implies that more inputs are required, suggesting that the operational environment
is unfavorable. This prior input or output classification is unsuitable if such external factors
can not be classified appropriately, e.g. age, gender, vocation, education background, etc. It

may make little sense for an external feature of the operational environment.

The two-stage approach called by Coelli et al. (1998) includes the traditional inputs and
outputs in the LP formulation used to compute efficiency, which is then used as the dependent
variable in a second stage regression, where the explanatory variables measure the external
environment. An advantage of the two-stage approach is that the influence of the external
variables on the production process can be tested in terms of both sign and significance.

However, a disadvantage is that the two-stage approach ignores the information contained in
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the slacks and surpluses from inputs and outputs. This may bias the parameter estimates and
give misleading conclusions regarding the impact of each external variable on efficiency.
The two-stage procedure does not provide a separate measure of managerial efficiency or

inefficiency.

Fried et al. (1999) introduced a four-stage DEA approach to estimate the influence by
the environment-adjusted variables of American hospital-affiliated nursing homes in 1993.
They used two outputs: inpatient days of skilled care and inpatient days of intermediate cares,
and four inputs: registered nurses, licensed practical nurses, other personnel, and non-payroll
expenses. As suggested by Fried et al., the four-stage DEA approach has some intriguing
findings: First, it uses the information contained in the slacks or surpluses of the original
model. Second, it does not require imposing asign on the effect of an external variable on
inefficiency. Third, it provides-tests of significance of each external variable on inefficiency
in each individual input (for-an input-oriented/ model) or output dimension (for an
output-oriented model). Fourth, it provides an‘overall effect on inefficiency for a categorical

variable. Finally, it can generate a single result of firms’ inefficiency caused by managers.

The utilization of the four-stage DEA procedure can avoid the above disadvantages of
the all-in-one approach and the two-stage approach. As suggested by Fried et al., this
approach is not necessary to classified the external variables into additional input and output
categories prior to the analysis, and information on slacks or surpluses generated by the initial
model is used in the calculations. The result would rely on the conventional DEA model and
efficiency estimation theory, and the influence of the external variables on each input
variables can be tested. The management component of inefficiency also could be separated

from the influences of the external operational environment. This approach is adopted in
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this study.

Pastor (2002) also proposed his new three-stage sequence based on DEA model to
evaluate the efficiency of banks in Spain, Italy, France and Germany from 1988 to 1994.
The main concept of his procedure is to find out some factors out of business operation. The
external factors would indeed affect the performance of banks. The author considered that
the most important of those external factors is risk which mostly results from bad loans,
caused by poor management. The total bad loans were decomposed into two components:
one due to poor risk management and another due to external economic and environmental
factors. The author then compared the results by controlling the bad loans to compute the
efficiency scores via DEA. The conclusion indicated that the external factors do not account
for the inefficiency significantly, but the bad loans caused by failed risk management do.
Although it may be much simple-to_define risk.only as bad loans. However, the concept that
separating inefficiency from managetial failuré and unavoidable external factors is worthy

being noticed.

Based on Fried et al. (1999), Drake and Simper (2005) and Drake et al. (2006) extended
the application of the four-stage DEA procedure to respectively analyze the efficiency of
United Kingdom police force and Hong Kong banking institutions excluding the influence of

external environment.

Drake and Simper (2005) compare the results from police force efficiency measured by
DEA and by radar approach, the wholly output based measurement, currently advocated by
Home Office in the United Kingdom as a new police force performance evaluation. The

performance radar approach took multiple criteria used to evaluate each regional police force
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into consideration simultaneously such as numbers of reducing crimes, numbers of the
criminal offenders brought to justice, promoting level of public safety, citizen satisfaction and
resource usage. Because the environment may be a penalty or benefit to an individual unit
that is under the evaluation, the authors attempted to purge the raw DEA scores of any impact
from environmental factors outside the control of individual police force by using the
slack-based environment adjusted input specification. In order to ensure the environmental
factors are indeed adequately accounted for, the authors used Tobit regression to determine
the external variables, and then they could measure the inefficiency excluding the influence of
environment. More significantly, the authors claimed that the current radar approach
advocated by Home Office of UK could produce misleading assessments of the performance
of individual police force, because the radar approach assumes each police force is in the
same environment. Using four-stage DEA approach proposed by Fried et al. (1999) helps to

exclude the external factors for all police force,thus all police can be evaluated equally.

Drake et al. (2006) also assessed the relative technical efficiency of banking institutions
operational in the Hong Kong financial market from 1995 to 2001. They used the panel data
sample consisted of 413 observations to almost follow the four-stage DEA approach
introduced by Fried et al. (1999), using a profit-oriented specification with revenue
components as outputs and cost components as inputs. Therefore, the three inputs variables
specified are employee expenses, other non-interest expense and loan loss provisions, and the
three output variables specified are net interest income, net commission income and total
other income. They also adopted the intermediation specification (with employees, capital,
deposits as inputs and investment and loan as outputs) to assess the technical efficiency to
compare the results via profit-oriented specification. Their conclusive results indicated quite

clearly that the failure to incorporate slacks formally and directly into the efficiency analysis
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could sometimes produce inflated and misleading indications of relative efficiency, even

though the rank correlation between the two sets of results is relatively high.

2.5 A brief summary of the literature reviews

The existing studies applying the DEA model to compute bank efficiency are
voluminous. Research objects include those in the ASEAN economies (Karim, 2001),
Australia (Kirkwood and Nahm, 2006), Canada (Howland and Rowse, 2006), Croatia (Jemric
and Vujcic, 2002), European Union (Pastor and Perez, 2002), Russia (Krivonozhko et al.,
2002), U.S. (Aly et al., 1990; Seiford and Zhu, 1999), etc. However, there are only few
studies focused on the banking industry in China. Some local Chinese researchers try to
begin investigating the performance of the'banking institutions in China. They conclude that
joint-equity commercial banks areé more' efficient rather than state-owned banks. However,
these existing Chinese articles (such as Chang, 2003; Eiu, 2004; Li and He, 2005; Mao, 2006;
etc.) usually do not incorporate. exogenous factors into efficiency computation. The
computed efficiency scores will hence be distorted by neglecting exogenous variables such as
ownership, establishment duration, bank size, etc. A bank may get a lower efficiency score
because of unfavorable environment, making the efficiency comparison unfair. This study

applies Fried et al. (1999) to obtain the environment-adjusted efficiency.
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3. Methodology

3.1 Theory of banking evaluation and variable definition

The estimation of bank efficiency rests on appropriate definitions and certain
assumptions regarding the measurement of variables. Choosing the inappropriate variables
may lead the incorrect evaluation and conclusion. Sealey and Lindley (1977) provided a
concrete theory of financial firm evaluation. In order to develop a measurement model of
financial firm behavior, the authors make a complete analysis of production and cost
conditions and define inputs and outputs carefully. In their point of view, the technical
process of production for financial firms is a process of transformation. Here transformation
implies that certain goods and /or services enter into a process in which they lose their
existence in the original form iwhile other.goods or services are generated. Thus a
transformation process of a finanicial firm can be further analyzed by its operational behavior.
For commercial banks, the transformation-process-involves the borrowing of funds from
surplus units and lending those funds to‘deficit units. Banks acquire deposit funds by paying
interest expenses, and then they make investments and issue loans to earn incomes. This is

the standard and ordinary behavior of commercial banks.

Based upon the behavior theory of Sealey and Lindley (1977), Berger et al. (1987)
further proposed two evaluation perspectives of financial firms: production versus
intermediation approach. Under the production approach, banks produce accounts of various
sizes by processing deposits and loans and incurring capital and labor costs. Therefore, the
numbers of accounts of deposits and loans are regarded as outputs while fixed assets and labor
costs regarded as inputs. Under the intermediation approach, however, banks intermediate

deposited and purchased funds into loans and other investment assets, so the loans and
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investments are outputs and deposits, employee and total fixed assets are inputs. The
authors deemed that the intermediation approach is more appropriate in the evaluation model
for commercial banks. Because incorporating the quantity of accounts for investment, loans
and deposits into the output specification under the production approach means each account
have the same weight. This may bias the importance of each transaction. Consequently,
Berger and Humphrey (1991) further took the intermediation approach to measure the
inefficiency for U.S. banks. In order to evaluate the efficiency of transformation process, the

intermediation approach is adopted in this study.

3.2 CRS models of Data Envelopment Analysis

Data envelopment analysis involves theé use. of linear programming methods to construct
a non-parametric piece-wise surface over the data. Efficiency measures are then computed
relative to this surface. Farrell (1957) proposed the: piece-wise linear convex approach to
frontier estimation, but only a few authors over the next two decades followed his paper.
Boles (1966) and Afrait (1972) advised mathematical programming methods which could
achieve the task, but not achieve very wide attention until Charnes et al. (1978). Similar
reviews of the methodology are presented by Seiford and Thrall (1990) and Seiford (1996).
There are now a large amount of papers that have extended and applied the DEA

methodology.

Charnes et al. (1978) proposed a constant-returns-to-scale (CRS) model with an input
orientation, also called as CCR model in alphabetic order of their last names. In the
input-orientated CRS DEA model, there are data on N inputs and M outputs for each of K
firms. For a certain i-th firm, these are represented by the column vectors x; and y,.

The NxK input matrix X and the MxK output matrix Y represent the data for all K firms.
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The input-oriented CRS DEA model then solves the following linear programming problem

for firm 7 in each year:

n;’iiné?, (1)
st. -y, + YA =20,

Ox, - XA =20,

A20.

where 0 is scalar and 1 is a Kx1 vector of constants.

The value of 8 obtained will be the efficiency score for the i-th firm lies in between 0
and 1. According to the definition of Farrell’s (1957), the value of unity indicates a point on
the frontier and hence a technicallysefficient firms. The DEA problem in equation (1) takes
the i-th firm and then seeks to radially contract.the input vector, x;, as much as possible, while
still remaining within the feasible input'set...The inner-boundary of this set determined by
the observed data points is a piece-wise-linear-iso-quant. The radial contraction of the input
vector, x;, produces the projected point, (XA, YA), on the frontier of this technology. This
projected point is a linear combination of these observed data points. The constraints in
equation (1) confirm that this projected point cannot lie outside the feasible set. Figure 2
illustrated the efficiency measurement, that C and D are the efficient firms which define the

frontier such that A and B are inefficient firms. Farrell’s (1957) measure of overall technical

efficiency (OTE) explains the efficiency of firms A and B as 0A'/OA andOB'/OB,

respectively.

As illustrated in Figure 2, SS is the frontier of efficiency. Since firm A could reduce

inputs from A to A’ to be efficient, AA' is hence known as the radial slack in literature. The
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difference form A’ and C is called the non-radial slack. The total slack of an input is equal to
radial slack plus non-radial slack. The slacks can be treated as the wasting level of input

resources.

Xz/y

A?

X1y

Figure 2. Efficiency measurement in the CRS DEA model

An input-oriented DEA model is to solve the input minimization problem under a given
output level, however, an output-oriented DEA model is to solve the output maximization
problem under a given input level instead. Most general industries are suited to use
input-orientated model because firms can decide their input resources according to their own
budgets. Thus, the input-oriented DEA model is the primary for use. This study also
adopted the input-oriented DEA model. There are still a few cases using the output-oriented
model that the firms may be given a fixed quantity of resources and asked to produce as much
output as possible. The output orientation is more appropriate for a public sector of a

government, for example, just like waste recycle or garbage to dispose.

24



3.3 Four-stage DEA approach

Fried et al. (1999) used a slack-based measure, the four-stage DEA procedure, to
estimate the influence by the environment-adjusted variables of American hospital-affiliated
nursing homes in 1993. They believed that the characteristics of the external environment
could influence the ability of management to transform input to output. This procedure for
incorporating the operational environment into a measure of technical efficiency can obtain a

separate measure of managerial inefficiency.

As introduced by Fried et al. (1999), the first stage is to compute a DEA frontier by
using the traditional inputs and outputs according to DEA model theory. The external
variables are excluded. The efficieney scores as-well as input slacks and output surpluses

are computed for each observation.

In the second stage, a system ‘of ‘equations is specified in which the dependent variable
for each equation is the sum of radial and non-radial input slack for an input-oriented model
or radial plus non-radial output surplus for an output-oriented model. The independent
variables are used to measure the features of the external operational environment. This
equation system identifies the variation in total measures of inefficiency attributable to factors

outside the control of management.

The third stage is to use the parameter estimates from the second stage to predict the
total input slack or output surplus, depending upon model orientation. These predicted
values represent the ‘allowable’ slack or surplus, due to the operational environment, and are

used to compute adjusted values for the primary inputs or outputs.
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The fourth stage is to re-run the DEA model under the initial output specification by
using the adjusted input data set. The new radial efficiency measures incorporate the
influences of the external variables into the production process, and isolate the managerial

component of inefficiency. Figure 3 illustrates the four-stage DEA procedure.

CRSDEA | ® CRS efficiency scores
e :
Inputs & Outputs Model ®  Target value of inputs
® Slacks of inputs
Stage one
® Slacks of )
mputs Tobit »| Significant factors of
® Environmental “|/Regression | enyironmental variables
variables
Stage two

gl
N B

N

Significant factors of
environmental variables

A 4

v Adjust the input data set

Re-generate the
predicted slacks

Stage three k\ _/ /

Adjusted inputs
& ™ Re-run CRS DEA model

original outputs

Stage four

Figure 3. Illustration of four-stage procedure
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The detail of the procedure is disclosed as below.

The first stage begins with a specification of production technology. The efficiency
scores, the value of 6 in equation (1), and the target value of the input variables during the
sample period for each firm are computed by using the CRS DEA model. The definition of

input target value is an input level which is utilized by a firm to be efficient.

The second stage is to estimate the N input equations by using Tobit regression because
of the estimative range from zero to infinity. The dependent variables are radial plus
non-radial input slack equal to the absolute value of input actual value minus input target
value. The independent variables are measures of external conditions applicable to the
particular input. The objective is'to quantify'the effect of external conditions on the

excessive use of inputs. The N.&quations are specified as:

IS:'tj :fj(Zitj’lB/t"g;) (2)
i=1,... K ;
j=1,..,N;
r=1,.... T

where IS;J. is the total radial plus non-radial slack of input j for firm i in time ¢ based on the

DEA results from stage 1, Z!

;; 1s a vector of variables characterizing the operational

environment for firm i that may affect the utilization of input j , ﬂ; 1s a vector of
coefficients to be estimated; and 8; is a disturbance term. These equations explain the

variation in total by-variable measures of inefficiency. Note that the explanatory variables

characterizing the operational environment in equation (2) are not restricted to be the same
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across equations, needing not have a linear relationship with the dependent variables and can

be a mixture of continuous and categorical variables.

The output surplus in this stage for an input oriented model is omitted. As Fried et al.
(1999) mentioned, “An input oriented model takes output as given and measures inefficiency
by the potential reduction in inputs. Output surplus exists in empirical applications because
the data set is sparse for some output vectors. Where it does exist, it is likely to be

composed mostly of zeros and have insufficient variation to be useful in the estimation.”

The third stage is to use the estimated coefficients from the regression to predict total

input slack for each input and for each unit based on its external variables:

/\t /\t

]Sij :fj(Z,'tjaﬁj) (3)
i=1=0 . B
J=1, 5N
t=1,...T;

As proposed by Fried et al. (1999), the predictions are used to adjust the primary input
data for each unit. The each adjusted input data of each input for each sample firm is the
original input plus the difference between maximum predicted slack and predicted slack as

equation (4) below:

t

A /\t
Xl,tj”’ﬁ”md = Xl.tj +[Max{IS;}—1Si;] @)
i=1,... LK
j=1,..,N;
t=1,...T;
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Al
where Max{IS,;} means the maximum predicted slack of the firms for input j in the same

sample year . The purpose of adjusting the primary input data by the difference between
maximum predicted slack and predicted slack is to establish a base equal to the least favorable
set of external conditions. A firm with the maximum predicted slack means it would get the
most severe penalty by the operational environment. The environment where a firm with the
maximum predicted slack operates in is the least favorable external environment. According
to equation (4), this firm would not have to adjust its inputs at all. A firm with external
variables generating a lower level of predicted slack would have its input vector adjusted to
put it on the same basis as the firm with the least favorable external environment. The
reason why choosing to use the least favorable operational environment as the base is to
provide a performance target that managers can attain regardless of their operational
environment. Managers will have no;excuse. of -operational environment for failing to

achieve the performance target.

A special attention must be paid that the input adjustment takes the form of an increase
in the original input. Predicted slack below the maximum predicted slack is attributable to
external conditions more favorable than the least favorable conditions prevailing in the
sample for that input. The purpose of the adjustment is to penalize the firm for the fewer
inputs required to operate under favorable external conditions. Besides, another advantage is
to avoid the possibility of a negative value for an adjusted input from the estimation of the
Tobit regression, rendering the DEA problem for that unit without a solution. By increasing
the input vector and leaving the output vector unchanged, the firm's performance is purged of
the external advantage. This makes it possible to isolate managerial inefficiency by

re-running the DEA model on the adjusted data set.
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The final stage is to use the adjusted data set to re-run the DEA model under the initial
input-output specification and generate new radial measures of inefficiency. These radial

scores measure the inefficiency that is attributable to management.

Xz/y

X1y

Figure 4. Shift in frontier after the slack-based adjustment in the CRS DEA model

Figure 4 illustrates the shifting course of frontier after conducting the slack-based
adjustment in the CRS DEA model. Firm A with the maximum predicted slacks would get
the most severe penalty by the operational environment. After conducting the slack-based
adjustment in stage two and three, firm A would have the minimum adjustment (zero) while
firm B would be added a punished input vector matrix from B to B’, and so do C and D to C’
and D’ respectively. The benefit from the operational environment of each firm would be
eliminated. All firms would be brought into the same operational environment, the least
favorable environment, to be evaluated. After re-running the DEA model in stage four, the

frontier of efficiency would shift from SSto S’S".
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3.4 Tobit regression model

In a regression model, a dependent variable with the property that it has a discrete jump
at any other threshold value is known as a limited dependent variable. The dependent
variables of the second stage in this study are slacks of each input variable that have a discrete
range form zero to infinity. It is indeed required for the unbiasedness of estimates. A
regression model of the limited dependent variable adopted in this study is referred to as Tobit

model which is proposed by Tobin (1958).

Tobit regression model adopted in this study is below:

, C,+B,Z;+&! if Sy > 0or ¢! < -C, - pZ,

i - - &)
0. it IS 20 0r s 2 - C, - BZ)

3.5 Data

(1) Sample banks

There are eleven banks as Table 3 shown in this study: four state-owned commercial
banks, two state policy-related banks, and five nationwide joint-equity commercial banks.
All eleven sample banks are nationwide because their branches are around China. This
study uses panel data from 1995 to 2004, including two outputs and three inputs, to
investigate the technical efficiency of eleven banks based on the CRS DEA model. Because
of the missing and unavailable data in the Almanac of China’s Finance and Banking during
the sample period, the panel data sample consists of 108 observations over the ten years.

There are only ten banks in 1995 (China Minsheng Banking Corporation is excluded) and

31



2004 (China Everbright Bank is excluded), meanwhile, eleven banks are in other years.

Table 3 shows the classification and names of these sample banks in this study.

Table 3. Classification and names of sample banks

Classification Data Period Name of Banks

1995~2004 1. Industrial and Commercial Bank of China (ICBC)

State-owned 1995~2004 2. Agriculture Bank of China (ABC)

commercial banks 1995~2004 3. People’s Construction Bank of China (PCBC)

1995~2004 4. Bank of China (BOC)

State-owned 1995~2004 5. Agricultural Development Bank of China (ADBC)

policy-related banks 1995~2004 6. China Development Bank (CDB)

1996~2004 7. China Minsheng Banking Corporation (CMBC)

1995~2004 8. Bank of Communication (BOCOM)
Nationwide joint-equity
commercial banks 1995~2004 9..CITIC.Industrial Bank (CITICB)
(stock-shared)

1995~2004 10. Hua-Xia Bank (HXB)

1995~2003 , | 11.China-Everbtight Bank (CEB)

(2) Output and input variables

Based on the intermediation specification, the two output variables in this study are
investment (Y;) and loan (Y;), and the three input variables are deposit (X;), number of
employees (X»), and net fixed assets (X3). All numerical data are compiled from the balance
sheets, income statements, and employment calculation that are disclosed in the Almanac of
China’s Finance and Banking from 1996 to 2005. All nominal variables have been

transformed into real variables by the GDP deflators by using 1995 as the base year.

For outputs, investment (Y ;) is defined by the items of long-term, short-term, and

securities investments shown in the balance sheets as assets of each bank. Loan (Y3)
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represents the net loans equal to total loans minus default loans and allowance of bad loans,

also shown 1n the balance sheets of each bank.

For inputs, deposit (X;) is the amount of every deposit and the loans from other banks.
The number of Employees (X3) is the total number of full-time employees in a bank. Net
fixed assets (X3) is the difference of fixed assets minus accumulated depreciation of fixed

assets.

All data above can be gathered from the financial statements and employment

calculation in the Almanac of China’s Finance and Banking from 1996 to 2005.

(3) Environmental variables

Seven environmental variables thatregressed on Tobit regression are used to predict the

total slacks of the three input variables:.. These environmental variables are defined as below:

a. Duration (DUR): It represents the establishment duration of a bank and is

computed from the year when its license was issued by the PBC to the year 2004.

b. Ownership (SHARE): This is a dummy variable which represents the ownership
type of the sample banks. These banks can be categorized to two nationwide banks:
state-owned specialized banks (commercial and policy-related banks) and
joint-equity commercial banks. The nationwide joint-equity commercial banks
belong to the share-allocation system, but the state-owned commercial and
policy-related banks do not. The joint-equity commercial banks can be represented

by SHARE = 1 and the state-owned banks can be represented by SHARE = 0.
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C.

Policy-related specialization (POLICY): This is also a dummy variable. The
policy-related banks sometimes have the mission and responsibility to carry out the
financial policy made by PBC as Central Bank of China. In order to investigate the
significant difference on performance between ordinary commercial and
policy-related banks, this dummy variable is utilized.  Therefore, the two
policy-related banks in this study can be represented by POLICY = 1, while the

other commercial banks are represented by POLICY = 0.

Deposit-loan ratio (DLR): This ratio represents the proportion of loans to deposits.
According to the balance sheet of the eleven banks from 1995 to 2004 in the
Almanac of China’s Finance and Banking, each bank’s deposit-loan ratio for the
ten-year period (nine years.for China,Minsheng Banking Corporation and China
Everbright Bank) can be computed-after deflating by GDP price as the base year of

1995 followed the equation (6):

Deposit-loan ratio (DLR) = total loans / total deposits (6)

Bank size (SIZE): This is also a dummy variable which is used to investigate the
relation of bank size and operational performance. According to the balance sheets
of the eleven banks in the Almanac of China’s Finance and Banking from 1995 to
2004, the calculation of total assets of each bank is made by GDP deflator as the
base year of 1995. It is then classified these eleven banks into two groups. The
dummy variable, SIZE = 0, represents those banks whose average assets are over
five hundred billions RMB each year. Otherwise, SIZE = 1 represents those banks
whose total assets are under five hundred billions RMB each year. Using five

hundred billions RMB as cut-off value can almost equalize each sub-sample size.
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f. WTO participation (WTO): The dummy variable WTO = 0 represents the period
before China entered the World Trade Organization in 2001. The dummy variable
WTO =1 represents the period after China entered the World Trade Organization.
This is in order to check if the inputs are more / less before and after participating

WTO.

g. Asian financial crisis (CRISIS): The dummy variable CRISIS = 0 represents the
period before the 1997 Asian financial crisis, and the dummy variable CRISIS = 1
represents the period after the 1997 Asian financial crisis. This is in order to check

if the inputs are more / less before and after the 1997 Asian financial crisis.

The definition and description of these variables are as depicted in Table 4. The
descriptive statistics of input and eutput variables are listed in Table 5. Table 6 shows that
all relation between an input and ‘an output satisfies the isotonicity property in which an
output should not decrease with an increase-in‘an input. All input and output variables are

appropriately used for the sample banks‘to be evaluated.
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Table 4. Description of input, output, and environmental variables

Variable Definition Unit Explanation
100 million o
Y; Investment RMB The sum of cash and securities investments held by each bank.
100 million .
Y, Loan RMB The total loans minus allowance of bad loans and default loans.
. 100 million .
X; Deposit RMB The amount of every deposit and loans from other banks.
X5 Employees Person The total number of full-time employees of each bank.
X; Net Fixed 100 million The fixed assets minus accumulated depreciation of fixed assets.
assets RMB
DUR Duration Years The duration of establishment for each bank.
SHARE = 0 represents the state-owned banks.
SHARE Bank Oorl
classification SHARE = 1 represents the joint-equity banks.
POLICY = 0 represents the commercial banks.
POLICY Bank Oorl
classification POLICY = 1 represents the policy-related banks.

Deposit-loan

DLR Ratio

Percentage  Total loansidivided by total deposits.

SIZE = 0 represents the bank whose assets over 500 billion RMB.
SIZE Total assets Oorl
SIZE = 1 represents the bank whose assets below 500 billion RMB.

WTO WO =0 represents.the sample periods before 2001.
WTO S Oorl
participation WTO ="Frepresents the sample periods after 2001.
; CRISIS =0 tepresents the sample periods before 1997.
CRISIS Astan g o
financial crisis CRISIS = 1 represents the sample periods after 1997.

Table 5. Descriptive statistics of input and output variables

N Minimum Maximum Mean Std. Deviation
Investment Y)) 108 0.30 5761.99 1077.37 1572.30
Loans (Y2) 108 5.90 17199.44 4970.97 5082.52
Deposits X)) 108 7.31 27666.40 6603.62 7883.88
Employees (X2) 108 487.00 569983.00 153383.85 198296.01
Fixed Assets  (X3) 108 0.26 2163.27 152.58 250.38

Note: The monetary unit is at 100 Million RMB
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Table 6. Pearson correlations of inputs and outputs

Investment Loans Deposits  Employees Fixed Assets
Investment Pearson Correlation 1.000 0.708** 0.741%* 0.545%* 0.361%*
Loans Pearson Correlation 0.708%* 1.000 0.942%* 0.886** 0.505%*
Deposits Pearson Correlation 0.741%* 0.942%* 1.000 0.842%* 0.489%*
Employees Pearson Correlation 0.545%* 0.886** 0.8427%* 1.000 0.502%*
Fixed Assets Pearson Correlation 0.361** 0.505** 0.489** 0.502%** 1.000

Note: ** represents significance at the 0.01 level.
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4. Empirical Results

4.1 Stage one: Initial DEA

The CRS DEA model in this study includes two outputs and three inputs. The input
and output variables are followed by the intermediation approach introduced by Berger et al.
(1987). Efficiency scores are computed by using an input-oriented setting. Table 7
illustrates the initial DEA results. The average efficiency score is 0.584; i.e., on average, a
bank could produce the same level of outputs with only 58.4 percent of the current inputs; or

it could reduce the current inputs by 41.6 percent to perform its best.

Table 7. The result of the initial'DEA stage

Mean of Standard Deviation of
Sample size
efficiency scores efficiency scores

State-owned banks 60 0.530 0.325
State-owned commercial banks 40 0.410 0.269
State policy-related banks 20 0.771 0.296
Joint-equity commercial banks 48 0.652 0.313
All sample banks 108 0.584 0.324

The policy-related banks have the best efficiency (average efficiency score at 0.771),
and the joint-equity banks have the second best efficiency (average efficiency score at 0.652).
The state-owned commercial banks are the worst (average efficiency score at 0.410). China
Minsheng Banking Corporation has the relative higher performance. Agricultural Bank of
China and China Construction Bank have the relative worse performance. A simple
proposition that the nationwide joint-equity commercial banks have more efficient
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performance than the state-owned banks do can be obtained.

It is particularly noteworthy that state-owned commercial banks have relative much
larger slack value of each input. As depicted in Table 8, state-owned commercial banks’
average slacks of deposit, employees and net fixed assets are 18.08, 45.39 and 31.28 times of
nationwide joint-equity commercial banks’ respectively. Input slack, the absolute value
equal to the difference from actual and theoretical input, represents the wasting level of
resource inputted. Especially in the input of number of employees, the average slack is at
297260.38, which means that there are 297260.38 redundant personnel for each state-owned
commercial bank a year on average, the 45.39 times of joint-equity commercial banks. This
is because that the state-owned banks carry the responsibility to ensure job security of each
staff to earn his life under the socialism in China:. The redundant personnel should be the

main reason accounted for the inefficiency for state-owned commercial banks.

Table. 8 The average slacks of inputs from 1995 to 2004

Slacks of X; Slacks of X, Slacks of X;
State-owned commercial banks 9867.02 297260.38 215.45
State-owned policy-related banks 560.65 12358.00 20.90
Nationwide joint-equity banks 545.74 6549.12 6.77

However, the initial DEA model does not provide a good measure of managerial
performance. This too simple original DEA procedure will ignore the effect of environment
where the banks operate in. It is possible that the real good performers who operate in an
unfavorable external environment would be penalized, whereas the real poor performers who

operate in a favorable external environment would be rewarded.
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4.2 Stage two: Quantifying the effect of the operational environment

In the second stage of Tobit regression, there are three regression equations, one for each
input. The dependent variables are the each total input slacks. The independent variables
are the seven environmental variables which are utilized to predict the slacks of each input
variable. The Tobit regression model is used to conduct the estimation. Tables 9 to 11

depict the coefficients of Tobit regression on input slacks.

In the first Tobit regression equation for deposits input (X;), ownership, policy-related
specialization, and deposit-to-loan ratio are significantly negative but WTO participation
significantly positive to the slack of the input variable of deposits. The significance of two
dummies of ownership represents that a joint-equity or policy-related specialization bank will
help to reduce the slack of the input variable of deposits. A bank which issues more loans
can also reduce the slack of deposits: - “However, WTO participation significantly increases
the slack of deposits. This is maybe. because ‘of the obvious growth of the amount of

deposits in recent years (sees Table 2).

In the second Tobit regression equation for employee input (X;), only the two dummies
of ownership have a negative significance. As shown in Table 8, the joint-equity banks and
policy-related banks indeed have the much less redundant personnel. The joint-equity and

policy-related ownership indeed can reduce the slack of employees.

In the third Tobit regression equation for fixed assets input (X3), the two dummies of
ownership and deposit-to-loan ratio have a significantly negative effect to the fixed assets of

the sample banks. It implies that above three factors help to reduce the slack of fixed assets.
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It is particularly worthy noticing that the two dummies of ownership are significantly

negative to the slacks of all three inputs.
regimes should help reduce the wasting level of inputs.

in Tobit regression.

Table 9. Factors of slack of Deposits (X;) in Tobit regression

This suggests that stock-shared and policy-related

Tables 9 to 11 depict the estimation

Parameter Estimate Standard error t-statistic P-value
C 14643.2 2892.34 5.06276 <0.001%**
DURATION -232.59 158.72 -1.46542 0.143
SHARE -14058.40 2680.78 -5.24414 <0.001%**
POLICY -12214.30 2941.11 -4.15297 <0.001%**
DLR -460.36 191.57 -2.40312 0.016**
SIZE 1312.32 2031.44 0.64600 0.518
WTO 3091.17 1221.11 2.53144 0.011%**
CRISIS -978.90 1205.07 -0:81232 0.417
Note: ** and *** represent significance at the*5% and“1% levels; respectively.
Table10. Factors of slack of Employees (X5) in Tobit regression
Parameter Estimate Standard error t-statistic P-value
C 326407 77621.9 4.20509 <0.001%**
DURATION -432.70 4262.18 -0.10152 0.919
SHARE -396661 70973.9 -5.58884 <0.001%**
POLICY -338547 79178.7 -4.27573 <0.001%**
DLR -6677.97 4730.6 -1.41165 0.158
SIZE 75442.8 53334.0 1.41454 0.157
WTO 26572.8 32498.8 0.81766 0.414
CRISIS -36198.2 32081.4 -1.12832 0.259

Note: ** and *** represent significance at the 5% and 1% levels, respectively.
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Table 11. Factors of slack of Fixed Assets (X3) in Tobit regression

Parameter Estimate Standard error t-statistic P-value

C 196.273 51.5039 3.81084 <0.001%**
DURATION 1.49726 2.8252 0.52998 0.596
SHARE -249.005 45.9722 -5.41643 <0.0071#**
POLICY -179.68 51.8085 -3.46815 0.001%**
DLR -6.90324 3.2378 -2.13205 0.033%**
SIZE 38.9118 34.7543 1.11962 0.263
WTO -23.8022 21.6113 -1.10138 0.271
CRISIS -0.866773 21.2855 -0.04072 0.968

Note: ** and *** represent significance at the 5% and 1% levels, respectively.

4.3 Stage three: Data adjustment

The parameter estimates preseénted in Tables 9 to-11 are used to re-generate the predicted

slacks for each input according tosequation (7) to (9) as below:

IS\ = C, + 3,,SHARE', + j3,,POLICY! + ,DLR' + B, WTO' + !, 7
[S2 = C, + B, SHARE', + B, POLICY' + &}, ®)
IS5 = Cy + B, SHARE' + B, POLICY' + B, DLR’ + ., ©)

The predicted coefficients of parameters and the equations (7) to (9) are used to adjust
the initial input data set. As represented in equations (7) to (9), the two dummy variables of
ownership are accounted for a significantly negative effect on the slacks of all three inputs.
This implies that ownership of joint-equity type or policy-related specialization can help to
lower the wasting level of the three inputs. A bank with the maximum predicted slacks

means it suffered from the most serious penalty in the current operational environment, and it
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would obtain the minimum adjustment (zero) of inputs. The other banks would be punished
by adding an amount of the additional inputs. After the adjustment, the new data set
including the original output and a pseudo input vectors matrix will then be used to re-run
DEA. Tables 12 to 14 summarize the descriptive statistics of the actual slacks, predicted

slacks, maximum and minimum adjustment of the three inputs.

Table 12. Descriptive statistics of slack adjustment of Deposits (X3)

Mean of actual slacks ~ Mean of predicted slacks Maximum Maximum  Minimum
Year N (standard deviation) (standard deviation) predicted slack adjustment  adjustment
1995 10 5411.89 (7607.30) 1594.97 (16604.31) 14371.06 55408.97 0.00
1996 11 4310.01 (6953.51) 5011.30 (7556.65) 14380.51 19362.67 0.00
1997 11 4329.19 (7277.64) 4944.19 (7708.16) 14383.28 20631.79 0.00
1998 11 3327.04 (4521.27) 4915.67 (7501.90) 14368.48 18043.96 0.00
1999 11 2731.44 (3460.21) 5714.41 (6852.10) 14373.40 14376.83 0.00
2000 11 1365.41 (2402.28) 5714.42 (6881.75) 14423.46 14503.89 0.00
2001 11 5148.94 (6701.58) 4176.94|(8457:50) 14390.95 22438.68 0.00
2002 11 6001.05 (7452.30) 7492.73 (8207.08) 17482.98 22059.30 0.00
2003 11 5710.08 (6936.00) 7647.87(7938.49) 17453.09 19783.51 0.00
2004 10 1581.60 (1930.40) 8738.05 (7645.63) 17460.79 18555.65 0.00

Table 13. Descriptive statistics of slack adjustment of Employee (X3)

Mean of actual slacks ~ Mean of predicted slacks Maximum Maximum Minimum
Year N (standard deviation) (standard deviation) predicted slack adjustment  adjustment
1995 10 170484.94 (235260.21)  100033.20 (196111.35) 326407.00 396661.00 0.00
1996 11  125786.83 (195100.80) 84552.55 (193002.21) 326407.00 396661.00 0.00
1997 11 120048.416 (189267.11) 84552.55 (193002.21) 326407.00 396661.00 0.00
1998 11 88041.63 (133437.406) 84552.55 (193002.21) 326407.00 396661.00 0.00
1999 11  114198.12 (185989.78) 84552.55 (193002.21) 326407.00 396661.00 0.00
2000 11 70275.57 (140790.16) 84552.55 (193002.21) 326407.00 396661.00 0.00
2001 11  130831.07 (177372.32) 84552.55 (193002.21) 326407.00 396661.00 0.00
2002 11  134552.94 (179156.96) 84552.55 (193002.21) 326407.00 396661.00 0.00
2003 11  125662.82 (171052.89) 84552.55 (193002.21) 326407.00 396661.00 0.00
2004 10 74371.25 (125234.14)  100033.20 (196111.35) 326407.00 396661.00 0.00
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Table 14. Descriptive statistics of slack adjustment of Fixed Assets (Xs)

Mean of actual slacks =~ Mean of predicted slacks Maximum Maximum  Minimum
Yoar N (standard deviation) (standard deviation) predicted slack adjustment adjustment
1995 10 100.70 (125.484) -13.94 (250.01) 192.20 827.09 0.00
1996 11 91.40 (134.583) 35.11 (126.05) 192.33 286.82 0.00
1997 11 87.85(130.149) 34.11 (127.78) 192.37 305.84 0.00
1998 11 74.79 (110.402) 33.68 (124.92) 192.15 267.06 0.00
1999 11 119.48 (145.970) 45.65 (118.54) 192.23 253.78 0.00
2000 11 69.87 (126.688) 45.65 (118.99) 192.98 255.69 0.00
2001 11 114.75 (142.502 22.61 (136.20) 192.49 332.93 0.00
2002 11 99.18 (122.095) 25.97 (133.30) 192.50 327.24 0.00
2003 11 79.74 (91.688 ) 79.74 (130.00) 192.05 293.13 0.00
2004 10 24.66 (31.278) 46.79 (126.93) 192.17 274.73 0.00

4.4 Stage four: Re-compute CRS efficiency measures

including original outputs and adjusted inputs.

The final stage is to re-run the initial CRS DEA model by using the new data set

The new results of efficiency scores which

removed the external environmental factors will.-be obtained. Table 15 and 16 show the

descriptive statistics of efficiency scores from the first and the fourth stages.

depicts efficiency scores of sample banks from 1995 to 2004.

Table 15. Comparison of stages 1 and 4 results

Stage 1 Stage 4
Average efficiency scores 0.584 0.460
Standard deviation of efficiency scores 0.324 0.427
Minimum of efficiency scores 0.071 0.003
Maximum of efficiency scores 1.000 1.000
Number of efficient banks 28 36

Note:

The sample size is 108
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Table 16. Comparison of stages 1 and 4 results (classified by ownership)

Stage 1 Stage 4
Sample Number of Number of
. Mean ) Mean )
size efficient efficient
(Std.) baniks (Std.) baniks
0.530 0.755
State-owned banks 60 13
(0.325) (0.356)
0.410 0.991
State-owned commercial banks 40 2
(0.269) (0.034)
0.771 0.282
State policy-related banks 20 11
(0.296) (0.199)
Nationwide joint-equity 18 0.652 15 0.090
commercial banks (0.313) (0.075)
0.584 0.460
All sample banks 108 28
(0.324) (0.427)

As a result of controlling-for the external environment, the average efficiency score
decreased, the number of efficient banks increased, and the standard deviation of the

efficiency scores increased.

The decrease in average efficiency suggests that without controlling for the operational
environment, the benefit to banks operational under favorable circumstances is greater than
the penalty to banks operational under unfavorable circumstances. The increase in the
number of efficient banks means that without controlling for the operational environment,
more banks operate under the unfavorable rather than favorable circumstances. The
adjustment procedure of Fried et al. (1999) is a punitive adjustment such that the initial
efficient banks will be added on additional pseudo inputs, making them inefficient after
re-running DEA. However, the worst efficient banks in the first stage do not need to be

punished, making them more efficient after re-running DEA. The increase in the standard
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deviation of the efficiency scores means that without controlling for the operational
environment, the level of the benefit to banks operational under favorable circumstances is
much greater than the level of the penalty to banks operational under unfavorable
circumstances. Without adjusting the data so as to put all banks in the same operational

environment, the bias to the efficiency scores is underestimated.

After re-running DEA, the average efficiency score of nationwide joint-equity
commercial banks is down to only 0.09. This implies that the current environment is almost
equally favorable to nationwide joint-equity commercial banks (with a much lower standard
deviation at only 0.075). As shown in Table 16, the state-owned commercial banks with
comparative higher average efficiency score in the fourth stage means that these banks
suffered very much from the present environment.:, When the penalty from the environment
is removed, the measure of efficiency in the fourth stage is the pure managerial efficiency (or
inefficiency). As disclosed in Table:17,-all four state-owned commercial banks have much
higher efficiency scores in stage ‘four,. that-indicates these four banks have very good
managerial efficiency when the unfavorable effects of two ownership factors is removed.
This may further imply that the joint-equity ownership is better for nationwide banks to
perform well in China contemporary. State-owned banks can improve their efficiency via

ownership reform.
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Table 17. Overall technical efficiency scores of nationwide banks in China from 1995 to

2004
BIa];k Bank Name 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 Average
Industrial and Stage 1 0.071 0.183 0.196 0.512 0.595 0.835 0.182 0.285 0.419 0.820 0.410
1  Commercial
Bank of China  Stage 4 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
. Stage 1 0.101 0.101 0.127 0.340 0.743 0.660 0.079 0.139 0.210 0.638 0.314
) Agricultural
Bank of China
Stage4 0.824 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.982
Stage 1 0.219 0.472 0.523 0.520 0.774 1.000 0.215 0.365 0.467 1.000 0.556
3 Bank of China
Stage4 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
China Stage 1 0.178 0.198 0.212 0.364 0.528 0.474 0.180 0.258 0.320 0.900 0.361
4 Construction
Bank Stage4 1.000 1.000 1.000 1.000 0.868 0.976 1.000 1.000 1.000 0.975 0.982
Agricultural Stage 1 1.000 1.000 1.000 1.000 0.567 1.000 0.659 0.473 0.672 0.138 0.751
5 Development
Bank of China  Stage4 0.446 0.446 0.532 0.309 0.314 0.691 0342 0348 0276 0278 0.398
China Stage 1 1.000 0.733.%0.654  1.000", 0.253 0.266 1.000 1.000 1.000 1.000 0.791
6 Development
Bank Stage 4 0.102 0.005 | 0.003- 0.005: 0.008 0.012 0.342 0.350 0.396 0.443 0.167
China Minsheng ~ Stage 1 — 1.000- 1.000.+1:000 -1.000 1.000 0.316 0.451 0.907 1.000 0.853
7 Banking
Corporation Stage 4 —  0.009 ~0:.017.-0.025 0.035 0.060 0.087 0.134 0.144 0.097 0.068
Stage 1 0.196 0.547 0.792-=0.830" 1.000 1.000 0.218 0.356 0.250 0.707  0.590
] Bank of
Communications
Stage4 0.151 0.223 0.212 0.292 0.242 0.219 0.194 0.206 0.215 0.204 0.216
1 232 1. 1. 784 . 1. 2 32 . . .
. CITIC Industrial Stage 0.23 000 000 0.784 0.866 000 0.259 0.323 0.503 0.897 0.686
Bank
Stage4 0.049 0.078 0.097 0.091 0.073 0.088 0.120 0.098 0.103 0.086 0.088
Stage 1 0.082 0.629 0.369 0.482 0.600 0.652 0.135 0.428 0.362 0.620 0.436
10 Hua Xia Bank
Stage4 0.006 0.010 0.012 0.022 0.027 0.034 0.035 0.048 0.057 0.063 0.031
. China Everbright Stage 1 0.126 0.806 1.000 1.000 0.751 1.000 1.000 0.403 0.395 — 0.720
Bank
Stage4 0.016 0.021 0.028 0.039 0.009 0.006 0.086 0.082 0.087 — 0.042
Note: 1. The data set of China Minsheng Banking Corporation is from 1996 to 2004.

2. The data set of China Everbright Bank is from 1995 to 2003.
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5. Concluding Remarks

The operational performance of a firm is influenced by its technical efficiency and
external operational environment. Only using the original CRS DEA model introduced by
Charnes et al. (1978) to evaluate a firm’s efficiency can sometimes cause inflated and
misleading indications of the relative efficiency due to the ignorance of external environment.

The evaluation could be biased.

This thesis applies the four-stage DEA procedure proposed by Fried et al. (1999) to
evaluate the technical efficiency of eleven nationwide banks in mainland China. The initial
CRS DEA model is conducted to obtain traditional DEA results and the total slacks of each
input in first. The second stage is_tospecifysthe related exogenous factors of operational
environment via Tobit regression.  The dependent variables are the each total input slack
computed in the former stage, and the independent variables are seven exogenous factors out
of management. The third stage”is to adjust the original input data by using the predicted
slacks estimated in stage two. The fourth stage is to re-run DEA on the new pseudo data set
and to generate the adjusted efficiency scores. This four-stage DEA procedure can bring
each sample bank into the same least favorable operational environment, and then the
evaluation can be conducted (proceed) fairly. The results of final DEA in the fourth stage

are the measures of pure managerial efficiency and / or inefficiency.

According to the empirical analysis in this study, China banking institutions had indeed
been affected by exogenous factors (mainly ownership type and policy regime) representing
the operational environment. A Chinese nationwide bank with joint-equity ownership or
policy-related specialization indeed helps reduce input slacks. However, state-owned and
joint-equity commercial banks have the similar scales, capital sizes, and business items.
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State-owned banks can hence engage in ownership reform to improve their efficiency.

An important issue for future research in the environment-adjusted efficiency analysis of
banking institutions in China will be to enlarge the sample years and sample size, or to
confirm the other external factors non-used in this study. Because of missing and
unavailable data, some environmental variables such as number of branches which may
represent the effect of the operational external environment are not included in this study.
An amount or quantity of auto electronic machine which represents automation and high
technology for improving banks’ performance is also not included due to the same reason.

These variables may be incorporated into future research if they are available.
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