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Abstract of a thesis submitted in partial fulfillment of the requirements for the Degree

of M. C. M.

An Empirical Analysis of China Big Four State-Owned Banks’

Performance: A Data Envelopment Analysis

By Jiyun Xu

Banks are becoming more international, disintermediation, concentrated and

contestable in the financial market in providing services to foreign enterprises and

individuals. There is also a shift from the traditional bank lending activities towards

investment banking activities. Competition in financial markets encourages

consolidation of banks and other financial institutions through mergers and

acquisitions in order to increase contestability (Bikker & Bos, 2005). Hence, it is

important to determine whether the bank is performing well under constant changes in

the financial markets.

This study examines the efficiency and performance of the Big four state-owned

commercial bank in China for the period 1990-2008. The data envelopment analysis

(DEA) is adopted to estimate the technical and scale efficiency of the Big four

state-owned banks on a panel basis. The study also investigates to what extent the

efficiency resources have been exploited by the Big four state-owned banks. The

study will attempt to rank each of the bank in order of performance efficiency and to

test how efficiency of the banks have changed over time, especially during the 2008
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subprime loan crisis, and whether the banks reacted positively over the bank reform

period. The result shows that the technical efficiency, scale efficiency and productivity

change of the Big four state-owned banks reacted positively over the reform period from 1990

to 2008. The result also shows that too much protection, support and intervention from the

Chinese government results in a lack of motivation to innovate and develop new financial

products and services. Therefore, the Chinese government should let the banks make the

lending decision base on the commercial principles.

Keywords: Efficiency, Performance, Data Envelopment Analysis, Bank Competition,

Bank Reform
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Chapter 1

Introduction

1.1 Introduction

The current global financial situation presents obstacles and challenges for the

banking industry worldwide. It is important for banks to improve efficiency and

increase performance to remain competitive in order to survive the competition.

Improving bank’s efficiency has become an important task for most banks because

bank efficiency directly impact the performance and profitability of the bank and

hence the shareholders’wealth. More broadly, banks play an important role as the

financial intermediaries in the financial market. Financial intermediaries lower the

costs of researching potential investments, exerting corporate control, managing risk,

mobilizing savings, and conducting exchanges (Levine, Loayza & Beck, 2000). For

instance, Levine, Loayza and Beck (2000) find that exogenous components of

financial intermediary development are positively associated with economic growth.

Hamilton (1781) argues that ‘banks are the happiest engines that were invented’to

stimulate economic growth (cited in Levine, Loayza & Beck, 2000, pp. 32).

Bank performance measures how well a bank operates and there are many factors to

indicate how a bank is performing. These include the profitability of the bank,

diversification of the bank’s portfolio, the bank’s investment decisions (Bank financial

management, n.d), the bank’s market share and market power (Bikker & Bos, 2005).

Bank efficiency plays an important role in explaining bank performance and it can

measure and interpret the sources that drive bank performance (Bikker & Bos, 2005).
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Banks are becoming more international, disintermediation, concentrated and

contestable in the financial market in providing services to foreign enterprises,

businesses and individuals. There is also a shift from the traditional bank lending

activities towards investment banking activities. Competition in the financial markets

encourages consolidation of banks and other financial institutions through mergers

and acquisitions in order to increase contestability (Bikker & Bos, 2005). Hence, it is

important to determine whether the bank is performing well under constant changes in

the financial markets.

Performance of commercial banks has increased attention of researchers over the past

several years and the focus of characterizing performance in terms of simple

accounting ratios has been changed to a multidimensional systems perspective

(Seiford & Zhu, 1999). Although the accounting ratios can provide useful information

to assess bank’s performance, but, there are many factors that impact bank

performance, such as revenue, number of employees, capital, asset, market structure

etc. Tripe (2003) argues that concentrating on such simple accounting ratios to assess

banks’performances is inadequate. The assessment should include a multiple input

and multi-product basis. Hence, a better understanding of the relationship between

these factors could reveal the critical factor for bank productivity improvement.

Sherman and Gold (1985) also argue that although some accounting ratios such as

return on assets or return on investments are frequently used to measure bank’s

operating performance, but there are limitations on the effectiveness of these ratios.

First, these accounting ratios fail to consider the value of management’s actions and
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investment decisions that affect future performance as opposed to current

performance (Sherman and Gold, 1985). Second, the accounting ratios aggregate

many aspects of performance, such as marketing, operations and financing. Therefore,

if a bank managed poorly on some of these dimensions, but perform well on some

other dimensions, the bank may be categorized as performing well. This is deceiving.

Hence, the simple financial ratios are unable to consider the mix of services provided

and the resources used to provide these bank services explicitly (Sherman and Gold,

1985). As a result, evaluating the bank efficiency requires analytic technique which

can provide discernment in excess of those available from the financial ratios.

There are many prior studies on bank performance over the last two decades.

However, most of the studies evaluated the performance of the bank in Western

countries, such as the U.S. (Berger and DeYoung, 2001; Berger and Mester, 2003;

Clark and Siems, 2002; Färe, Grosskopf, & Weber, 2004; Rogers, 1998), Canada

(Paradi and Schaffnit, 2004), and European countries (Bos and Schmiedel, 2003; Casu

and Molyneux, 2003). There are also studies which examined the banking system in

the developing and emerging economies, such as India (Das & Ghosh, 2009), Turkey

(Isik and Hassan, 2003; Demir, Mahmud & Babuscu, 2005; Mercan et al., 2003),

Pakistan (Patti & Hardy, 2005; Burki & Ahmad, 2010), but few studies have

examined the performance of Chinese commercial banks due to lack of data.

Most existing Chinese literatures used different methods to examine efficiency

between different types of banks. However, limited researches examine and compare

the efficiency of China’s Big four state-owned banks. Furthermore, the sample periods

in previous Chinese literatures are before 2005. For example, Can & Ariff (2008) use
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non-parametric DEA approach and the second-stage Tobit regression to analyze the

cost and profit efficiency of 28 commercial banks in China using panel data over the

period 1995-2004. The authors found that the joint-stock banks were more cost and

profit efficient than state-owned banks. Lin & Zhang (2009) used basic regression

model to evaluate the static, selection and dynamic effect of the bank ownership on

bank performance in China. They found little changes in the banks’performance both

in short term and long term. Liu, Zhang & Shin (2007) used a principal component

approach to compare the performance of China’s state banks, joint-stock banks, and

city commercial banks and they concluded that the performance of mid-size

joint-stock banks were better than the state banks and city commercial banks

significantly. Most of these studies analyze different types of efficiency of Chinese

banks and reached the same conclusion: the overall performances of the Big four

state-owned banks are less costly and profit efficient than other types of Chinese

commercial bank (Can & Ariff 2008; Lin & Zhang, 2009; Liu, Zhang & Shin, 2007).

Moreover, the U.S. subprime crisis in 2007 has affected the financial system globally

and the aggravating global environment also have significant impacts on China’s

economy, but limited impact on the Chinese banking system. This is due to the

difference in the financial structure and system between China and the Western

countries. The scope of banking activities also differs between China and the Western

countries. Compare to the Western countries, the range of banking activities is limited

in China due to strict government control. For example, according to the commercial

banking law of China, commercial banks in China are not allowed to engage in trust

investment and securities operation (Commercial Banking Law, 1995). Consequently,

the financial system, especially the banking sector which is under strict government
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regulation is somewhat insulated from the impact of the global financial crisis.

1.2 Background

China has implemented many economic reforms and open up to the outside world

over the last three decades and the financial system has also developed significantly.

The financial system in China was characterized by mono-banking system before the

reform period. The People’s Bank of China was the only financial institution and

performed as both the central bank and commercial bank. Following the reform, a

large number of financial institutions have been established and China financial

system becomes more diversified and complicated. The banking sector is dominated

by the Big four state-owned commercial banks (SOCBs), which is the most important

component of the financial system with 66% of the total financial assets in 2006

(Herrero et al., 2009) and play a major role in financial intermediation accounting for

75% of capital in the economy (Jiang, Yao & Zhang, 2009). However, the

government-directed lending practices have caused Chinese banks to incur large

amounts of non-performing loans (NPLs) (Banking in China, n.d). Further, the Big

four state-owned banks are overwhelmingly dominated in the banking industry in

China and endue with enormous monopolistic power. The Big four state-owned banks

have also enjoyed a significant leverage of soft budget constraint, because they are

often entrusted or forced to provide policy lending or to help those insolvent

state-owned enterprises (Yao, Han & Feng，2008). The state and non-state loan

distribution among provinces is not purely based on economic consideration (Chen,

2006). As a result, China’s state bank-dominated financial sector is inefficient

resulting in misallocation of capital.
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The Chinese banking sector has undergone fundamental structural changes and

reforms over last two decades and mainly focus on restructuring the Big four SOCBs

through capital injections and carving out of the NPLs; which aim to transform banks

from a state-owned, monopolistic and policy-driven to a multi-ownership, competitive

and market-oriented institutions (Herrero et al., 2009; Jiang, Yao & Zhang, 2009). The

Chinese banking system is still undergoing reform process, hence it is difficult to

conclude on how such changes may finally affect the efficiency and performance of

the Big four state-owned banks.

1.3 Research Problem Statement and Objectives

The competition between the Big four state-owned banks and other Chinese domestic

commercial banks drew many interests from financial researchers. However, the

extant study on Chinese bank efficiency is still limited. Researches analyze the

relationship between ownership reform and bank performance using different

approaches, such as the principal component approach (Shin, Zhang & Liu, 2007); the

parametric approach (Berger, Hasan & Zhou, 2009; Fu & Heffernan, 2007; Yao,

Zhang & Jiang, 2009) and non-parametric approach (Chen, Skully & Brown, 2005;

Can & Ariff, 2008; Yao, Han & Feng, 2008). Furthermore, Chinese bank performance

has also been tested under different efficiency concepts in some studies

This study investigates the efficiency and performance of the big four state-owned

banks in China before, during and after the subprime loan crisis using the data

envelopment analysis technique. The data envelopment analysis (DEA) is a linear

programming technique which offers many advantages on handle multiple inputs and

outputs at the same time. The application of DEA has been adopted for analyze bank
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performance in numerous banking literatures. For example, Sherman and Gold (1985)

use DEA to evaluate the operating efficiency of branches of a U.S. savings bank. They

find the results from DEA provide significant insights not available from other

methods that focus on ways to improve productivity and the results suggest that DEA

is a helpful complement to other techniques for bank branch efficiency improvement

(Sherman and Gold, 1985).

The research objectives include:

1. To estimate the technical and scale efficiency of the Big four state-owned bank

over the sample period 1990 to 2008, using both input-oriented and

output-oriented approach in DEA model; and to investigate to what extent the

efficiency resources have been exploited for these four state-owned banks.

2. To rank the Big four state-owned bank in order of their technical efficiency

performance.

3. To examine how productivity of the Big four state-owned banks have

changed over time, especially during the subprime loan crisis; and to test

whether the Big four state-owned banks reacted positively over the bank

reform period.

1.4 Research Contribution

The main goal of this research is to fill the gaps in the research literature. First, the

existing literature compare the efficiency between the state-owned banks, joint-stock

banks and city commercial banks; however, the Big four state-owned banks are the



8

largest commercial banks in China which dominate the whole banking sector and play

an important role in the financial market. Hence, it is important to compare the

efficiency between the major Big four state-owned banks. Our study tests and

compares the technical and scale efficiency between the Big four state-owned banks

and to identify which of the Big four state-owned banks has the highest technical

efficiency and which bank performs the worst.

Second, three studies use the DEA approach in the Chinese literatures to study the

cost efficiency, profit efficiency, technical efficiency and allocative efficiency (Can &

Ariff, 2008; Chen et al., 2005; Yao, Han and Feng, 2008). However, our research is

the first to use both input-oriented and output-oriented DEA model to examine the

technical and scale efficiency. We can compare our results with Yao, Han and Feng

(2008) study who used the input-oriented DEA model. We can determine whether our

results are consistent with their findings of BOC, CBC and whether ICBC dominates

the market with high technical efficiency and profitability.

Third, the Chinese banking sector underwent the huge transformation in the 1990s and

2000s. The sample periods in previous Chinese literatures are before 2005, but our

sample period is from 1990 to 2008. The 19-year period is selected with a view of the

important of the reform period in the Chinese banking from 1994, China’s post WTO

accession, the 1997 Asian financial crisis and the 2008 subprime loan crisis, which are

expected to have significant impact on China’s bank performance.
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1.5 Outline of the Thesis

Chapter One outlines the research study including the background, research problem

statement and objectives and research contribution. Chapter Two provides an

overview of the bank performance in developed, developing and emerging nations.

Past studies concerning the financial deregulation, privatization, merger and

acquisition, and foreign bank entry that correlate with different types of bank

efficiency improvement are discussed in the chapter. Chapter Three describes the

Chinese banking system and review prior studies on bank efficiency in China. Chapter

Four reviews different theoretical efficiency concepts and compare different

efficiency approaches. It also discusses the inputs and outputs variable and data

collection method. Chapter Five presents the finding and interpretation of the

empirical results. Chapter Six concludes the research.
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Chapter 2

Literature Review

2.1 Introduction

Previous banking literatures have examined different factors that correlate with

different types of bank efficiency. In general, deregulation, privatization, merger and

acquisition, and foreign bank entry have been researched most in regards to bank

efficiency, because financial liberalization has become the main subject all over the

world. This chapter reviews previous studies on bank performance in different

countries. Section 2.1 reviews the relevant bank efficiency studies based on

deregulation, merger and acquisition in developed nations. Section 2.2 reviews the

bank performance in developing and transition nations in regards to financial

deregulation, privatization and foreign bank entry. Section 2.3 reviews the

determinants of bank efficiency.

2.2 Bank Efficiency in Developed Nations

2.2.1 Financial Deregulation

Different deregulation process in the banking sector aims to enhance competition and

improve efficiency and productivity, but the empirical results from the banking

literatures are mixed for developed nations. Deregulation improves bank efficiency in

some developed countries, such as Spain (Vivas, 1997; Kumbhakar & Lozano-Vivas,

2005) and Australia (Sturm & Williams, 2004).

There are many studies that examined the efficiency and productivity of Spanish
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savings banks. Vivas (1997) states that the motivation behind deregulation in Spanish

banking industry is the fear that the financial institutions in Spain will lose the

competitive advantage following the removal of the barriers to inter-country

competition in the financial services within the European Economic Community. The

authors’result suggest that on average the profit inefficiency of Spanish savings banks

is 28%, but the profit inefficiency is reduced by forty percent over the

post-deregulation sample period 1986-1991 (Vivas, 1997). However, Valverde,

Humphrey and Fernandez (2003) conduct a study to assess the effect of branching

restrictions, deregulation, mergers and changes in economic conditions such as cost,

prices and profitability of Spanish savings banks. The authors find that deregulation

has the greatest impact on competition improvement, but they argue that the increase

in savings bank cost and profitability post-deregulation period is not due to the

branching deregulation or bank mergers, but due to the concurrent changes in

economic conditions.

Tortosa-Ausina et al. (2008) use the data envelopment analysis (DEA) and

bootstrapping techniques to explore the productivity growth and productivity

efficiency of Spanish savings banks over the post-deregulation period 1992-1998.

Their results from the DEA show the presence of productivity growth, but the

productivity efficiency remain fairly constant over time. Moreover, the result from the

bootstrapping analysis shows no statistical significant evidence of productivity growth

or decline. In contrast, Grifell-Tatje and Lovell (1996) investigate the productive

efficiency and total factor productivity change in Spanish savings banks during the

post-deregulation period 1986-1991 using a nonparametric approach. The authors

conclude that expansion of branch networks via costly excess capacity is a source of
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productivity decline. However, this is not the case with Spanish savings banks in their

study. Instead they found fast-branching savings banks experienced slower

productivity than slow-branching savings banks.

Deregulation of the banking system includes increase openness to the foreign banks,

which could enhance the competition between foreign and domestic banks, hence

improve the competitiveness and efficiency of the financial market. Sturm and

Williams (2004) use three different approaches including the DEA, Malmquist indices

and stochastic frontier analysis to determine whether foreign banks are more efficient

than domestic banks in Australia over the post-deregulation period 1988-2001. They

conclude that bank efficiency has increased post-deregulation in the Australian

banking system. The DEA result shows foreign banks reveal superior technical

efficiency and on average earn higher profits. The Malmquist indices show

improvement of bank productivity post-deregulation period is supported by the result

of the stochastic frontier approach. Sturm and Williams (2004) suggest that the

productivity gain is mainly from the technological change rather than technical

efficiency.

However, Wright (2002) argues that foreign banks in Australia have difficult to

achieve the asset growth and market share gains due to strong competition from the

domestic banks. Wright’s result is different from the findings of Sturm and Williams

(2004), where the highly competition environment entice foreign banks to engage in

risky lending activities during the late 1980s asset price boom, which adversely affect

the performance and contributing to the poor profitability of foreign banks.
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In the case of the United States, deregulation increases the opportunities for banks, not

only in their portfolio expansion, but also lead to some new uncertainties and risk

(Grabowski, Rangan & Rezvanian, 1994). Bauer, Berger and Humphrey (1993)

conclude the bank efficiency is relatively unchanged by the deregulation in the early

1980s in U.S. banking system. The authors’finding is similar to Amoako-Adu and

Smith (1995) findings in the Canadian banking system. Amoako-Adu and Smith

(1995) argue that although some of the financial deregulation events have significant

impact on the bank shareholders’wealth, but the cumulative impact of the series of

regulatory proposals from 1984 to 1991 only has significant impact in the insurance

industry and has no wealth transfer among different financial institutions.

Grabowski, Rangan and Rezvanian (1994) measure the efficiency for 669 U.S. banks

and compare the efficiency before (1979) and after (1983, 1987) deregulation. Their

finding rejects the hypothesis of deregulation has a favorable effect on bank efficiency.

Their result indicates that the overall and allocative efficiency improved, but the

technical, pure technical and scale efficiency remained unchanged before deregulation

period (1979-1983). However, the overall allocative, technical, pure technical and

scale efficiencies all declined post-deregulation (1983-1987)

A number of studies have examined the productivity change over the deregulation

period in the United States. For example, Alam (1998) find a statistically significant

productivity surge between 1983 and 1984 followed by productivity regress after

1985 post-deregulation. Humphrey (1993) concludes that the negative effect on bank

costs after deregulation is due to banks incurred higher interest costs more rapidly

than capital and labor operating expenses that could be reduced and the increase in
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cost more than offset any underlying positive impact of technical advance. Berger et

al. (2000) study suggests that the decline in cost productivity in the 1980s was

primarily due to the depositors benefited from higher interest rates following the

removal of the deposit rate ceilings.

Deregulation in the European Union financial system was aim to remove the barriers

of entry and enhance both the competition and efficiency in national banking markets

(Casu & Girardone, 2010). Some early studies find banks in the European Union

showed efficiency improvement with deregulation and higher competition in the late

1990s (Amel et al., 2002; Casu, Giardone & Molyneux, 2004).

However, a recent study by Casu and Girardone (2010) provide evidence on the

dynamics of cost efficiency in the EU-15 banking sectors over the period 1997-2003.

Their sample data includes commercial and savings banks in 15 European Union

countries which contain the largest segment of depository institution in all European

banking markets (see Table 1). The calculation of potential gain from financial

integration basically assumed the banks will become equally efficient with

deregulation of cross-border restrictions in different countries. They find evidence of

“convergence of efficiency levels towards an EU average”(pp. 266), but no evidence

to suggest that the overall efficiency has been improved in the European Union

banking market post-deregulation.
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Table 1: Sample data of European Union-15 area

Source: Barbara Casu and Claudia Girardone, “Integration and efficiency convergence
in EU banking markets,”(2010)

2.2.2 Merger and Acquisition

The banking industries have been subject to mergers and acquisitions in several of

countries. Amel et al. (2002) states that the motivations for the mergers and

acquisitions in the financial sectors are common in most countries. Financial

institutions try to improve their efficiency and attract new clients through expanding

their geographical reach and increase the range of products they offer, in order to

response the changes in regulation and technology.

Amel et al. (2002) also discusses several ways that mergers and acquisitions

improvement efficiency. First, after consolidation, the larger firms may gain access to

cost-saving technologies or they can spread out the fixed costs over a larger base to

reduce the average costs. Second, the exploitation of economies of scope may also
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result in efficiency gains, for example, the merging parties may be allowed to enter

new markets and provide services to a wider customer base. Finally, consolidation

may improve managerial efficiency.

Most studies that analyze the effect of mergers and acquisitions on bank efficiency are

based on financial ratios analysis and cost and profit functions. The banking

literatures documented no consistent results in merger and acquisition on bank

efficiency improvement.

In the U.S., many of the mergers and acquisitions have been caused by financial

liberalizations in the expansion of bank and bank holding company within and

between the states (Berger & Humphery, 1997). However, there seems to be no

decrease in total cost, non-interest expense and no operating income improvement

(Amel et al., 2002). For example, DeYoung (1997) use the cost frontier method to

estimate the efficiency of 348 mergers, but only a small majority of mergers showed

efficiency improvement. Berger (1997) estimates the cost efficiency of U.S. banks

after bank mergers of 1990s and finds little effect of bank mergers on cost efficiency

in the U.S. Amel et al. (2002) reviews the banking literature on mergers and

acquisitions effect on cost efficiency in U.S. banking system and find little evidence

of cost efficiency improvement after bank mergers in the U.S.

In regards to profit efficiency in the U.S. banking sector, Berger (1997) finds on

average, bank mergers increase profit efficiency relative to other banks. Akhavein,

Berger and Humphrey (1997) also find statistical significant evidence of profit

efficiency improvement of large U.S. banks after mergers and acquisitions, on average
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the profit efficiency increase by 16 percentage point. Their result show the main

improvement is from increasing in revenues, because the merged banks shifted their

operations to take more loans and fewer securities. They explain that the gain in profit

efficiency is due to the risk diversification; larger banks can diversify their loan

portfolios over a larger base and lower the equity-asset ratios. The difference in the

result of cost and profit efficiency is because the effects of output changes after the

merger do not take into account the cost efficiency measurement.

Rose (1987) focuses on the national bank merger in the U.S. during 1970-1980 and

finds no evidence of increase in profit following the merger. Peristiani (1997)

investigates the performance of acquiring banks that participate in merger over

1980-1990. The author’s result suggests that the acquiring banks fail to improve

X-efficiency after merger, but their profitability and scale efficiency improved. Pilloff

and Santomero (1998) review the literature in merger and acquisition in the U.S.

banks and point out that there is no significant change in performance from merged

banks.

The evidence for European countries is quite consistent. Some authors documented a

positive relationship between bank mergers and performance in European banks

(Altunbas & Marques, 2008; Cybo-Ottone & Murgia, 2000). Huizinga, Nelissen and

Vennet (2001) analyze the efficiency effects of 52 horizontal bank mergers and their

result indicates that merger has positive effect on banks’cost efficiency, but only has

little profit efficiency improvement. Altunbas and Marques (2008) also find the

performance enhancement for both the domestic and cross-border mergers and

acquisitions. However, Bernad, Fuentelsaz and Gomez (2010) find mergers only
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partially improve bank productivity in Spain. Grifell-Tatje and lovell (1996) find no

productivity improvement in Spain after mergers and acquisitions. In Greek, Rezitis

(2008) finds the technical efficiency and total factor productivity of the banks

participated in merging activity decline. On average the technical efficiency decrease

15% and the total factor productivity decrease from 3.17% to 0.63% for the merged

banks.

Sufian et al. (2007) uses two approaches to analyze the impact of mergers and

acquisitions on the changes of profitability and cost efficiency in the Singapore

banking sector. Their financial ratio analysis suggests that merger does not result in a

higher profitability of the banking groups and the lower profitability may be due to

the deterioration in cost efficiency, since the average cost of all the banking groups

which measure by non-interest expense to total assets ratio increases after merger.

However, the DEA results show a higher mean overall efficiency of Singapore banks.

They argue that, in most case, the banks showed improvement in the mean overall

efficiency after merging with a more efficient bank.

Rhoades (1993) uses various expense ratios to analyze 898 bank horizontal mergers

and concludes no efficiency gain, which is consistent with Rhoades’finding (1994).

The author summarized 39 studies of merger performance in banks and found no

evidence of efficiency improvement from merged banks. Rhoades (1998) conducted a

case study of nine large horizontal bank mergers, and reported only four of the merged

banks have cost efficiency improvement.
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2.2.3 Other Bank Efficiency Studies of Developed Countries

There are many studies that examined different types of efficiency in developed

countries. Berger, Hunter and Timme (1993) summarize the past, present scale and

scope efficiency studies in the banking sector, and also review the literature in

X-efficiency of the banking industry. They suggest that further research is needed to

establish the relationship between scale, scope and X-efficiency using more robust

econometric procedures.

Allen and Rai (1996) estimate a global cost function to test the input and output

inefficiency of banks in 15 countries. For developed countries, they find large banks

are relatively efficient in Austria, Switzerland, France and Spain, but in Australia,

Canada, Italy, Japan and U.S, large banks are significantly more X-inefficient than

small banks.

Trip (2003) explores the efficiency improvement of New Zealand banks on a

time-series basis over the period 1996-2002 and they find New Zealand banks become

more efficient, but they argue that part of the efficiency improvement may due to the

fall in the general level of interest rates. Sathye (2001) investigates the X-efficiency in

Australian banks and find the overall efficiency of the sample banks is lower than the

banks in European countries and the U.S. They ascribe the inefficiency to the wasting

of input rather than choosing the incorrect input combinations.

Seiford and Zhu (1999) analyze the profitability and marketability of the top 55 U.S.

commercial banks. They find nearly 90% of the banks are inefficient in both

marketability and profitability. Furthermore, large banks appear to be performing
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better profitability while the small banks are performing better marketability.

Altunbas et al. (2001) estimates the scale economies, X-inefficiencies and technical

changes for the European Union banks. Their results suggest that cost savings for

different size banks can be obtain from reducing managerial and other inefficiencies.

Technical progress reduces the total cost in the European banking markets between

1989 and 1997. The X-inefficiency is between 15%-25% which is similar to Schure,

Wagenvoort and Brien’s (2004) findings where the X-inefficiency is 17%-25%. In

addition, Maudos et al. (2002) test the cost and profit efficiency of ten European

Union countries. They conclude the cost efficiency level is higher than the level of

profit efficiency in the European Union banking system.

2.3 Bank Efficiency in Developing and Emerging Nations

During the last two decades, many developing and emerging nations have experienced

economic reform accompanied by restructuring of the financial system through

financial liberalization, including reforming of the banking system. Financial

liberalization in most counties starts with deregulation, promoting foreign bank entry

and privatization of the banking sector, but there are limited banking literatures in

developing and emerging nations compare to the developed countries.

2.3.1 Financial Deregulation

Many studies consider the impact of financial deregulation on bank efficiency in the

Asian market before the 1997 Asian financial crisis and a positive relationship

between the financial deregulation and bank efficiency has been found in some

studies. For example, Gilber and Wilson (1998) find banks in Korean yield large
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change in productivity over the deregulation period. They assert the productivity gain

is due to the fact that deregulation in Korean banks causes a dramatic change in their

input and output mix. Leightner and Lovell (1998) show a similar finding for

Thailand banks for the period 1989-1994 where financial liberalization increases the

competitiveness of banks in Thailand, hence leads to a rapid growth in total factor

productivity and profitability.

On the contrary, some studies argue the financial liberalization has adverse impact on

banks efficiency. For example, William and Intarachote (2002) argue that the profit

efficiency of banks in Thailand decrease at an increasing rate over the period of

1990-1997. They suggest that deregulation increases the expansion of banking activity,

hence increase the financial vulnerability. Okuda and Mieno (1999) also find the

financial liberalization increases the inefficiency in Thai banking system over the

period 1985-1994. Okuda, Hashimoto and Murakami (2002) study reveals that neither

economies of scale nor economies of scope are observed in the Malaysia banking

market. Moreover, they find no technological progress and they suggest that capital

investments of Malaysian domestic banks are unproductive.

Margono, Sharma and Melvin (2010) assert that the banking sector in Indonesian has

gone through significant changes since deregulation and the Asian economic crisis of

the 1990s. They estimate the cost and scale efficiency, technological progress and

productivity growth of Indonesian banks. They find a decrease in the cost efficiency

before and after the1997 Asian economic crisis, which decrease from 80% to 53%.

Their evidence also shows a large decrease in total factor productivity. However, Hao,

Hunter and Yang (2001) find no significant impact of deregulation on private banks
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efficiency in Korea.

For Western developing countries, Isik and Hassan (2003) investigate the efficiency

change, productivity growth and technical improvement of the commercial banks in

Turkey during the financial deregulation period. They find significant productivity

gain for all forms of banks in Turkey due to the increase in efficiency rather than

technical improvement and they state that the increase in efficiency is attributed to the

improvement of resource management practices rather than scale improvement.

Moreover, deregulation has only initially improved profit efficiency in the

privatization period in Pakistan, but does not reveal positive impact in the second

round of reform (Patti & Hardy, 2005).

Dan and Ghosh (2006) assert that financial reform in India is to promote an efficient,

diversified and competitive financial system and also expect to improve the

profitability, productivity of the banking industry, including reducing the

intermediation cost and improving customer service. They investigate the bank

performance in India and the result from the value-added and intermediation

approaches are different. Under the value-added approach, the technical efficiency is

higher than those from intermediation approach. Under the intermediation approach,

they find a persistent declining trend in technical efficiency.

In contrast, Dan and Ghosh (2009) examine the impact of financial deregulation on

cost and profit efficiency in Indian banks. They find in general, financial liberalization

has a positive impact on cost and profit efficiency improvement. However they find

high levels of cost efficiency after deregulation, but the profit efficiency levels are
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lower and they suggest that the result reflect the inefficiencies from the revenue side

of the banking activity.

One of the objectives of financial deregulation is to increase competition. Maudos and

Solis (2010) analyze the effects on competition in Mexican banking system during the

deregulation period 1993-2005. They suggest that part of the profitability growth in

the banking system may due to a decrease in market competition. They also find that

the cross-subsidization in the services offered by the Mexican banking system

increase the profitability of banks.

2.3.2 Privatization and Foreign Bank Entry

Many governments in developing and emerging economies try to improve bank

efficiency and establish a market-oriented banking system through privatization of

state-owned banks and opening up the financial markets to foreign entry. Both

privatization and foreign bank entry involve a change in ownership and governance

structure.

Most empirical researches have generally found improvement in bank efficiency in

post-privatization period. For example, Gilber and Wilson (1998) point out the

privatization enhance the productivity of Korean banks. Demir, Mahmud and Babuscu

(2005) find that privatization of the state-owned banks can improve the overall

efficiency of the commercial banks in Turkey. More positive effect of privatization on

bank efficiency can be found in Mercan et al. (2003); Hasan & Marton (2003);

Boubakri et al. (2005), and Meggonson (2005) studies.
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Patti and Hardy (2005) find in the period immediately after privatization, privatized

banks in Pakistan showed profit improvement. However, Burki and Ahmad (2010)

find opposite result where the privatized banks have efficiency losses in the year

following privatization in Pakistan. Moreover, the result of Omran (2006) indicates

that profitability and liquidity for some privatized banks in Egypt decline significantly

after privatization and other performance remain unchanged, but they also find that

the changes in the performance of privatized banks are better than the banks with state

ownership.

Bonin et al. (2005) argue that privatization does not improve bank efficiency

sufficiently as they did not find significant evidence of domestic private banks being

more efficient than state-owned banks for eleven emerging European economies

(These countries are four Northern European countries, the Czech Republic, Hungary,

Poland, and Slovakia; four Southern European countries, Bulgaria, Croatia, Romania,

and Slovenia; and the three Baltic countries, Estonia, Latvia, and Lithuania) in their

study. Boubakri et al. (2005) suggest that privatization yield economic efficiency

improvement over time, but the different mode of ownership, efficiency and risk

exposure may have good or bad effect on bank’s profitability.

Clarke, Cull and Shirley (2005) conduct a case study to summarize the findings of the

bank privatization in developing countries. They find strong evidence of privatization

improves banks’efficiency and raises competition in those cross-country analyses.

They conclude five policies that could harm the benefits from privatization. First,

persistent state ownership, even of minority shares could inhibit the performance of

privatized banks. Second, in a weak institutional environment, share offerings would
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reduce the performance gains than sales to the concentrated strategic investors directly.

Third, preventing foreign participation in the privatization process would harm the

benefit. Fourth, “competition alone will not secure performance improvements in

privatized banks, but oligopolistic banking is likely to lead to poor outcomes for the

banks and the financial system”(pp, 1925). Lastly, more comprehensive regulation is

better than selling the banks to the risk-loving investors, or provide government

subsidies or bail outs.

Some literature also documented bank efficiency improvement following the entry of

foreign banks. Bonin, Hasan and Wachtel (2005) investigate the impact of foreigner

ownership on bank efficiency for eleven transition countries (the Czech Republic,

Hungary, Poland, Slovakia, Bulgaria, Croatia, Romania, Slovenia, Estonia, Latvia,

and Lithuania) and conclude that foreign-owned banks are more cost efficiency than

banks with other ownership due to the better service and have strategic foreign

owners.

Similarly, Hasan and Marton (2003) find that banks with greater foreign ownership

and foreign banks are more efficient than domestic banks. They argue that foreign

banks in Hungary are different from foreign banks that have been studied in other

countries where foreign banks usually experience higher costs. In Hungary, domestic

market provides opportunities for foreign banks to exploit the advantages in lower

cost. However, Staub, Souza and Tabak (2010) find banks in Brazil with foreign

ownership and participation are less economic efficient than banks with other types of

ownership.



26

2.4 Conclusion

This chapter reviewed previous studies on bank performance in both developed and

developing nations. It provided an overview of how different banking system reform

affects bank performance in the countries with different development phases.

Deregulation, mergers and acquisitions, privatization and foreign banks entry are the

main strategies that have been used by government in different countries, in order to

increase the competitiveness and efficiency of the financial sector. Deregulation and

mergers and acquisitions have both positive and negative impact on banks’

performance in developed nations. Nevertheless, privatization of state-owned banks

and promoting foreign bank entry in developing and emerging nation are believed to

have contributed to banks’efficiency improvement. However, the differences in the

result from prior studies are attributed to the different measurement approach1,

different sample period, different input and output variables, and more important is

that different country has its own economic structure and system. Table 2 provides a

condensed summary of previous studies of the different methods used to measure the

efficiency of depository financial institutions.

1 Bauer et al. (1998) conclude that “the efficiency score from different approaches often yield quite
different distributions of measured efficiencies, contrary to condition”(pp, 88).
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Table 2: Studies of the efficiency of depository financial institutions

Country Method Author (date) Institution
type

Belgium
Belgium

FDH
FDH

Tulkens (1993)
Tulkens and Malnero (1994)

Branch
Branch

Canada
Canada

DEA
DEA

Parkan (1987)
Schaffnit et al. (1997)

Branch
Branch

Cyprus DEA Zenios et al. (1996) Branch

Denmark DEA Bukh (1994) Bank

Finland
Finland

DEA
DEA

Kuussaari (1993)
Kuussaari and Vesala (1995)

Bank
Bank

France
France

DFA
DFA

Chaffai and Dietsch (1995)
Dietsch (1994)

Bank
Bank

Germany
Germany
Germany

SFA
TFA
DFA

Altunbas and Molyneux (n.d.)
Lang and Welzel (1995)
Lang and Welzel (1996)

Bank
Bank
Bank

Greece
Greece

DEA & SFA
DEA

Giokas ( 1991 )
Vassiloglou and Giokas (1990)

Branch
Branch

India DEA Bhattacharyya et al. (1997) Bank

Italy
Italy
Italy

DEA
DEA
DEA & SFA

Favero and Papi (1995)
Ferrier and Hirschberg (1994)
Resti (1995)

Bank
Bank
Bank

Japan
Japan

DEA
DEA

Fukuyama (1993)
Fukuyama (1995)

Bank
Bank

Mexico DEA Taylor et al. (1997) Bank

Norway
Norway
Norway
Norway
Norway

DEA
DEA
DEA
TFA
TFA

Berg (1992)
Berg et al. (1991)
Berg et al. (1992)
Berg and Kim (1994)
Berg and Kim (1996)

Bank
Bank
Bank
Bank
Bank
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Table 2 (continue)

Country Method Author (date) Institution
type

Saudi Arabia DEA Al-Faraj et al. (1993) Branch

Spain
Spain
Spain
Spain
Spain
Spain
Spain
Spain

DEA
DEA
TFA
DEA
SFA
SFA
DEA
DEA

Grifell-Tatj6 and Lovell (1996)
Grifell-Tatj6 and Lovell (1997a)
Lozano (1995)
Perez and Quesada (1994)
Maudos (1996a)
Maudos (1996b)
Pastor (1995)
Lovell and Pastor (1997)

Bank, π
Bank
Bank
Bank
Bank
Bank
Branch
Branch

Switzerland DEA Sheldon and Haegler (1993) Bank

Tunisia
Tunisia

SFA
SFA

Chaffai (1993)
Chaffai (1997)

Bank
Bank

Turkey
Turkey

DEA
DEA

Oral and Yolalan (1990)
Zaim (1995)

Branch
Bank

UK
UK
UK

DEA
DEA
DEA

Athanassopoulos (1995)
Athanassopoulos (1997)
Drake and Howcroft (1997)

Branch
Branch
Branch

US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US

DFA
DFA
DFA
DEA
DEA
SFA, DFA
&TFA
DEA
DFA
DFA
SFA
DFA
DFA
TFA
TFA
DFA
DFA
DFA

Adams et al. (1995)
Akhavein et al. (1997a)
Akhavein et al. (1997b)
Aly et al. (1990)
Barr et al. (1994)
Bauer et al. (1993)
Bauer et al. (1995)
Berger (1993)
Berger (1995)
Berger and DeYoung (1997)
Berger et al. (1993a)
Berger and Hannan (1997)
Berger and Humphrey (1991)
Berger and Humphrey (1992a)
Berger and Humphrey (1992b)
Berger et al. (1997)
Berger and Mester (1997)

Bank
Bank, π
Bank, π
Bank
Bank
Bank
Bank
Bank
Bank
Bank
Bank, π
Bank
Bank
Bank
Bank
Branch
Bank, π
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Table 2 (continue)

Country Method Author (date) Institution
type

US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US

SFA
DEA
TFA
FDH
DEA
TFA
DFA
TFA
TFA
DFA
DEA & SFA
SFA
DEA
SFA
DEA
DEA
DEA
DEA
DEA
DEA
DEA & SFA
DEA
SFA & TFA
TFA
DFA
SFA
SFA
TFA
SFA
SFA
DEA
DFA
DFA
SFA
DEA
DEA
DEA
DEA
DEA
DEA
DEA

Chang et al. (1993)
Charnes et al. (1990)
Clark (1996)
DeBorger et al. (1995)
Devaney and Weber (1995)
DeYoung (1994)
DeYoung (1997a)
DeYoung (1997b)
DeYoung (1997c)
DeYoung and Nolle (1996)
Eisenbeis et al. (1996)
Ellinger et al. (1997)
Elyasiani and Mehdian (1990a)
Elyasiani and Mehdian (1990b)
Elyasiani and Mehdian (1992)
Elyasiani and Mehdian (1995)
Elyasiani et al. (1994)
English et al. (1993)
Ferrier et al. (1993)
Fender et al. (1994)
Fender and Lovell (1990)
Grabowski et al. (1993)
Hasan and Hunter (forthcoming)
Humphrey and Pulley (1997)
Hunter and Timme (1995)
Kaparakis et al. (1994)
Kwan and Eisenbeis (1994)
Mahajan et al. (1996)
Mester (1996)
Mester (1997)
Miller and Noulas (1996)
Newman and Shrieves (1993)
Peristiani (1997)
Pi and Timme (1993)
Rangan et al. (1988)
Ray and Mukherjee (1994)
Sherman and Gold (1985)
Sherman and Ladino (1995)
Thompson et al. (1997)
Thompson et al. (1996b)
Wheelock and Wilson (1994)

Bank
Bank
Bank
Bank
Bank
Bank
Bank
Bank
Bank
Bank, π
Bank
Bank
Bank
Bank
Bank
Bank
Bank
Bank
Bank
Bank
Bank
Bank
Bank, π
Bank, π
Bank
Bank
Bank
Bank
Bank
Bank
Bank, π
Bank
Bank
Bank
Bank
Bank
Branch
Branch
Bank
Bank
Bank
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Table 2 (continue)

Country Method Author (date) Institut
ion
type

Multiple countries
Norway
Sweden
Finland

DEA Berg et ai. (1993) Bank

Norway
Sweden
Finland
Denmark

MOS Bergendahl (1995) Bank

Norway
Sweden
Finland
Denmark

DEA Bukh et al. (1995) Bank

8 developed
countries

DEA Pastor et al. (1997) Bank

15 developed
countries

TFA Ruthenberg and Elias (1996) Bank

Notes: πindicates a profit efficiency measure.

Nonparametric: DEA Data Envelopment Analysis
FDH Free Disposal Hull
IN Index Numbers
MOS Mixed Optimal Strategy

Parametric: SFA Stochastic Frontier Approach (composed error)
DFA Distribution Free Approach (different composed error)
TFA Thick Frontier Approach

Source: Berger, A. N. & Humphrey, D. B. Efficiency of financial institutions:
International survey and directions for future research. (1997)
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Chapter 3

Chinese Banking System

3.1 Introduction

This chapter reviews the banking system in China. Section 3.2 reviews the

background of Chinese banking system. Section 3.3 reviews the studies relevant to

bank efficiency in China, which include the Data Envelopment Analysis, Malmquist

Index and other approaches.

3.2 Chinese Banking System

During the national economic recovery period of 1948 to 1952, the People’s Bank of

China (PBOC) set about establishing a uniform state banking system under the unified

leadership of Central People’s Government. At this stage, the main duty of PBC is

first to set up a united and independent currency system, widely establish bank

branches, rectify the private financial industry and develop basic banking business;

second is to reduce black market for foreign currency, revoke privileges of foreign

banks, prohibit the foreign currency flow and achieve unified management of the

foreign currency (www.pbc.gov.cn).

From 1949 to 1978, under the planned economy system, the PBOC was the only bank

operating, and functioning both as the central bank and commercial bank, which

control about 93% of the total financial assets in China (Allen, Qian & Qian, 2005).

Its functions include currency issuance, deposit-taking, lending, settlements and

foreign exchanges. Thus, during the planned economy period, Chinese banking



32

system was entirely dominated by the PBOC, a mono-banking system

(www.pbc.gov.cn).

From 1979, the state council began to create various banks seveing as commercial

banks from the traditional central bank functions. The PBOC became the central bank

and financial supervisor while the “Big Four” specialized state-owned banks:

Industrial and Commercial Bank of China (ICBC), Bank of China (BOC),

Agricultural Bank of China (ABC), and China Construction Bank (CCB) became

commercial banks with “policy lending” mandates. These Big four state-owned

commercial banks were set up to concentrate on specific industry sectors, which

effectively averted competitions among themselves and provided “policy loans”to

prop up the state.

In the subsequent reform period (1984-1993), several joint-stock commercial banks

(JSCB), rural credit cooperatives (RCCs), urban credit cooperatives (UCCs) and

People’s insurance company of China were set up to diversify the financial

institutions and enhance the competition of the whole banking system. However, the

oligopoly banking sector dominated by the Big four state-owned commercial banks

did not improve much, because the Big four state-owned banks have almost no

discretion in making loan-related decisions (Allen et al., 2005), and they issued extend

loans to the old industrial enterprises and government duplicate construction project

which based on quotas allocated by PBOC, which result in huge non-performance

loans (NPLs) (www.ce.cn).

In 1994, the state council created three policy banks including the Export-Import
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Bank of China, China Development Bank and Agricultural Development Bank of

China to assume the specialized policy lending functions to ameliorate the problem of

deteriorative asset quality. The Big four state-owned banks became full service

commercial banks, and were allowed to operate according to market rules. Under the

pressure of the central government and local government, however, the four

state-owned banks still assume a large amount of policy loans to avert unemployment

and potential instability in the country.

The Chinese banking industry is therefore dominated by state owned or controlled

banks. The “Big Four”state-owned commercial banks accounted for 54% of China’s

total bank assets and liabilities (Fu, 2005). The state-owned commercial banks seldom

confront bank run or closure and they have the largest size of the bad-loan portfolios

among the banks in China. This is because of the implicit government guarantee on

deposit, and the capital controls by the government provide limited opportunities for

Chinese citizens to invest in either domestic financial vehicles or overseas financial

market (Fu, 2005). Figure 1 shows the Chinese banking industry in terms of assets at

the end of 2004.

Figure 1: The Chinese banking industry in terms of assets (at the end of 2004)
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Source: Fu, D. (2005) Foreign exchange policy and banking reform in China.
Southwest Economy issue 4, July/August 2005.

In addition, the “Big Four”are the only financial institutions that have branches in

almost all locations in China and by 2001, they accounted for nearly two thirds of

loans outstanding and deposits in China (Boyreau-Debray & Wei, 2005). Although

China created a number of new joint-stock banks after the mid-1980s, most of these

banks are still controlled by different state-owned entities. For example, the Bank of

Communication is controlled by the Ministry of Finance on behalf of the state. La

Porta et al. (2002) reported that the government owns 99.45% of the 10 largest

commercial banks in China in 1995 (100% in 1970). This ownership level is one of

the highest in their sample of 92 countries. The concentration ratio has fallen sharply

since 1997 with the entrance of many non-state banks and financial intermediaries.

However, at the end of 1997, the “Big Four”bank concentration ratio is still near 91%

(Demirgüç-Kunt & Levine, 2001). Minsheng Bank is the only private bank developed

by the All China Federation of Industry and Commerce in 1996.

Further, 112 city commercial banks were also established by consolidating and

restructuring the UCCs. Meanwhile, a number of reforms were initiated focusing on

the legal environment, financial liberalization, reinforce the supervisory framework

and prudential regulation after China enters the WTO. For example, the commercial

bank law was official promulgated and implemented in 1995, removal of credit quotas

in 1998, adoption of the internationally accepted capital adequacy requirements and

five-category loan classification system (Jang et al., 2009). In 1998, the Ministry of

Finance issued RMB 2700 billion treasury bonds to supplement state owned banks’

capital in order to achieve an 8% capital adequacy ratio set by the Basel Accord. The
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government also set up four state assets management companies in 1999 to strip off

the non-performing loans (NPLs) of RMB 1.4 trillion from the Big four state owned

banks (Jang et al., 2009).

In 1979, PBC proposed reforming BOC since there is no specialized state institution

to control the foreign exchange, since the establishment of the People’s Republic of

China. The State Council approved the reform in the same period and BOC became a

specialized bank dealing with foreign currency transaction. BOC was responsible for

managing and organizing the foreign exchange reserves, international settlement,

foreign loans, issuing foreign bonds (www.boc.cn), letters of credit and setting the

exchange rate for Chinese currency (http://en.wikipedia.org). In 1994, the government

carries out the reform of foreign exchange management system; the specialized

operation scope of foreign exchange of BOC was stripped off to the State

Administration of foreign Exchange (Bank of China).

The government establishes ABC to provide financial support to agricultural units,

direct the operations of rural credit cooperatives, issue loans and handle state

appropriations for agriculture (http://en.wikipedia.org). However, the policy leading

function of ABC was transferred to the ADBC in 1994 and started to commercialize

the banking system according to the commercial banking law of the People’s

Republic of China (Agriculture Bank of China). Moreover, ABC support the reform of

renunciation the administrative relationship between ABC and RCCs after the

government carried out the reform decision about the financial system in rural area in

1996.
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The People’s Construction Bank of China (PCBC) initially established in 1954 was

responsible for appropriations of state infrastructure project and self-financing

enterprise, monitoring the appropriate use of fund for construction purpose, issue

short term loans and operate the basic settlement services during the period of

1954-1978 (China Construction Bank). At the end of 1970s, PCBC started to expand

the field of commercial operations such as deposit, foreign exchange, credit card

service and individual residential mortgage loan while keeping its original operation

function (China Construction Bank). In 1994 the PCBC carried through the entirety

reform of it operation and management system; the policy-based lending and financial

functions were handed over to the Ministry of Finance and China Development Bank.

ICBC established in 1984 is the largest commercial bank in China according to

total assets, total capital, core capital and profit. It operates the credit and saving

business which original undertook by PBC. It also become the second in foreign

exchange business and first in RMB clearing business (http://en.wikipedia.org). The

basic task of ICBC is to launch capital raising activity through domestic and

overseas market and enhances the management of credit capital (Industrial and

Commercial Bank of China).

Since 2003, BOC, CBC and ICBC were restructured into joint-stock enterprises

follow by a second round of bailout from the central government. In 2003, the

government injected $45 billion into CBC and BOC and $15 billion into ICBC in

2005. Following restructuring, the Big four SOCBs went public listing subsequently

with a better corporate governance structure (Jang et al., 2009).
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In general, China has a government dominated financial system. The barriers to entry

to the banking market and other financial services are highly restricted and the

operation of the capital market is interfered by the central and the local governments

at the various levels. Therefore, the state-owned entities still remain extremely

concentrated in the financial sector during the financial reform period

(Boyreau-Debray and Wei, 2005). However, the ownership structure of Chinese

banking system with Chinese government being the largest shareholder and control,

has served these banks well in terms of avoiding major problems in the global

financial crisis during 2007-2009 that were encountered by the major financial

institutions in developed nations (Allen et al., 2010)

3.3 Bank Efficiency in China

The competition between the Big four state-owned banks and other Chinese domestic

commercial banks drew many interests from financial researchers. However, the

extant study on Chinese bank efficiency is still limited. Researches analyze the

relationship between ownership reform and bank performance using different

approaches, such as the principal component approach (Shin, Zhang & Liu, 2007); the

parametric approach (Berger, Hasan & Zhou, 2009; Fu & Heffernan, 2007; Yao et al.,

2009) and non-parametric approach (Chen, Skully & Brown, 2005; Can & Ariff, 2008;

Yao, Han & Feng, 2008). Furthermore, Chinese bank performance has also been

tested under different efficiency concepts in some studies.

3.3.1 China Bank Efficiency using DEA and Malmquist Index

Can and Ariff (2008) use the non-parametric DEA-based technique to investigate the

cost and profit efficiency of Chinese banks over the sample period 1995-2004, which
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include 28 banks with different size and ownership. They reveal that the Chinese

banks’cost efficiency levels are well above the profit efficiency levels over the

sample period 1995 to 2004. They also find on average joint-stock banks are more

cost and profit efficiency than state-owned banks. However, when they take all banks

together, the result shows a remarkable increase in standard profit efficiency (the

standard profit efficiency concept will be explained in the methodology part, which is

introduced by Berger and Mester, 1997), but the alternative profit efficiency and cost

efficiency remained unchanged.

Chen, Skully and Brown (2005) also use the DEA to examine the cost, technical and

allocative efficiency of 43 Chinese banks (include Big four state-owned banks, eight

national joint-equity banks, 24 regional joint-equity banks and 7 investment banks)

over the sample period 1993 to 2000, to identify the efficiency change of Chinese

banks following the deregulation program initiated by Chinese government in 1995.

They find the deregulation in 1995 only have significant impacts on overall efficiency

of Chinese banks initially, but the efficiency levels decrease in the third and fourth

years post-deregulation. They find that the mean technical efficiency score, mean cost

efficiency score and mean allocative efficiency score all revealed an increasing trend

until 1996, but from 1997 to 2000 these three efficiency score dropped gradually.

They explain that the decline of the mean technical efficiency may be because most

Chinese banks are unable to capture the full benefits from upgrading the equipment

and systems. The decrease in allocative and cost efficiency score is due to the lagged

state-owned enterprise reform and the 1997 Asian financial crisis. Table 3 shows the

mean technical, allocative and cost efficiency of all banks.
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Table 3: Mean technical, allocative and cost efficiency of all banks

Source: Chen, X., Skully, M., & Brown, K. (2005). Banking efficiency in China:
Application of DEA to pre-and post-deregulation eras: 1993–2000.

Moreover, their result reveal the Big four state-owned banks are relatively technical

efficient and the allocative efficiency is quite stable over the sample period. However,

the allocative efficiency of the eight national joint-equity banks steadily increase from

1993 to 1999, but declined sharply in 2000. They assert the difference is because the

national joint-equity banks may have been less impacted by the Asian financial crisis,

since they mainly serve profitable private enterprises and have lower non-performing

loans ratios compare to the Big four state-owned banks.

However, a recent research by Yao, Han and Feng (2008) use the DEA and Malmquist

index to assess the efficiency of Chinese national commercial banks and to identify

inputs and outputs in the banking context with reference to asset quality over the

period 1998-2005. They find the average efficiency score are high and did not find

substantial differences in technical efficiency among commercial banks in China.

Moreover, the total factor productivity of the sample banks also rise significantly by

5.6% every year over the sample period. They conclude that Chinese commercial

banks have reacted positively to the ownership reform and foreign competition. They

argue the efficiency of the Big four state-owned banks are not necessarily less than the
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joint-stock banks; in particular, they have strong evidence that CBC and BOC are the

best performing commercial banks in China. Moreover, evidence show that the BOC,

CBC and ICBC dominate the market with high technical efficiency and profitability,

which explained the heavy demand of their IPOs in 2005 and 2006.

The Big four state-owned banks are well known for their high level of NPLs and low

level of efficiency. Matthews, Guo and Zhang (2007) account the non-performing

loans as an undesirable output and use Malmquist index to examine the productivity

growth of the nationwide banks in China over the period 1997-2006. They find at best,

the SOCBs on average have no productivity growth; and at worst, there is on average

decrease in productivity, whereas the productivity of joint-stock banks is markedly

higher. The result also demonstrates that the larger banks have lower productivity

growth than smaller banks. They suggest this may be explained by “the political and

social opposition the SOBs face in attempting to restructure factor inputs and

downsize as a means of improving performance, and the concentration of the activity

of the Asset Management Companies on the SOBs in aiding the divestiture of their

large NPL holdings”(Matthews et al., 2007. pp. 33).

Zhao, Zhou and Jiang (2001) use DEA to investigate the technical and scale efficiency

of the Big four state-owned commercial banks in China from 1993 to 1998. Their

result reveals that the technical and scale efficiency of the Big four state-owned banks

are not low as compared to other studies. Both Bank of China and Industrial and

Commercial Bank of China are technical efficient during the sample period

(technology efficiency score of 1), but the technical efficiency fluctuates a lot for

China Construction Bank except for year 1995 and 1998, and Agricultural Bank of
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China has the lowest technical efficiency (on average 0.387235). On average, the

scale efficiency score are quite high for the Big four state-owned banks and the

Industrial and Commercial Bank of China has the lowest scale efficiency with a score

of 0.92093. However, they find both efficiency score tend to increase over the sample

period for the Big four state-owned banks, when the return to assets decreases (see

Figure 2). They assert the possible explanation for the negative relationship is because

of the big increase in non-interest expense.

Figure 2: Average technical and scale efficiency scores for the Big four

state-owned banks (1993-1998)

Note: indicate the scale efficiency indicate the technical efficiency

Source: Zhao, X., Zhou, J. M., & Jiang, Z. S. (2001),”An analysis of the efficiency of
state-owned banks,”South China Financial Research 2001 (Feb). Vol.16, No.1 (in
Chinese language)
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Average return to assets for the Big four state-owned banks (1993-1998)

Note: indicate the average return to assets for the four state-owned banks
Source:: Zhao, X., Zhou, J. M., & Jiang, Z. S. (2001),”An analysis of the efficiency
of state-owned banks,”South China Financial Research 2001 (Feb). Vol.16, No.1 (in
Chinese language)

Zhang (2003) examines the efficiency of three types of commercial banks in China

from 1997 to 2001 using the DEA and Malmquist index, which include joint-stock

banks, Big four state-owned banks and city commercial banks. Zhang’s result

suggests that the joint-stock banks are most efficient banks and their efficiency is

quite stable during the sample period. The Big four state-owned banks are the second

most efficient banks, but the quality of their capital is at a significantly low level. In

the case of city commercial banks, the inefficiency is due to the low level of resource

allocation. Similarly, Zhang and Wu (2005) apply the Malmquist index approach to

analyze the efficiency change of commercial banks in China from 1999 to 2003 and

their result shows that the technical efficiency of the Big four state-owned banks is

lower than the joint-stock banks, but in general their efficiency have been improved.

They suggest that the efficiency improvement of the Big four state-owned banks is

mainly accomplished by the efficiency change rather than technical change.

In addition, Wu and Zhao (2008) analyze the technical efficiency, input redundancy

and output deficiency of 13 Chinese banks through 2004 to 2006 using both basic
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DEA model and super-efficiency DEA model, which include the Big four state-owned

banks and 9 joint-stock banks. Their result indicates that the gap of the technical

efficiency between the Big four state-owned banks and the joint-stock banks has

shortened after 2004, due to the banking reform and public listing of the Big four

state-owned banks which improved their technical efficiency. They also find that the

interest incomes and interest expenses are not the main reason to influence the bank

efficiency. They suggest that the Big four state-owned banks should reduce the input

redundancy by cutting the number of employees and fixed assets, and the joint-stock

banks should reduce the output deficiency by opening up new market, developing new

business and providing new services. However, the result from Wang and Li (2005)

indicate that in general, Chinese commercial banks are inefficient.

He (2007) applies the DEA method to investigate the efficiency of 9 commercial

banks in 2006, which have been listed publicly (includes 3 big state-owned banks and

6 joint-stock banks) and compares the result with 2002 data from Wang and Li (2005)

study. Similarly, Yang and Cao (2008) use the same method as He (2007) to analyze

11 commercial banks in China during 1999-2006. Both He (2007) and Yang and Cao

(2008) find consistent result, where the efficiency of the commercial banks in China

have been improved since the shareholding reform, especially the internal adjustment

and deregulation. Furthermore, the result shows three of the six joint-stock banks are

relatively inefficient which may be due to the preemptive of the financing channels

cause by the large-scale of entry of the state-owned banks into the capital market, and

continuously expand their business in overseas markets.
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A recent study Wang and Lan (2008) report that the joint-stock banks are more

efficient than state-owned banks in the sample period 1994-2006. They find the level

of the overall technical efficiency; pure technical efficiency and scale efficiency of

Chinese commercial banks are higher than their cost and allocative efficiency level.

However, the volatility of the cost and allocative efficiency is bigger than the overall

technical efficiency, pure technical efficiency and scale efficiency. They conclude that

although the renovation of Chinese commercial banks before the shareholding reform

has improved banks scale efficiency, but the cost efficiency, allocative and pure

technical efficiency have not been improved much. However, the cost, allocative and

technical efficiency improve significantly since the shareholding reform enhances the

banks’capabilities to effectively use the input.

3.3.2 China’s Bank Efficiency (using other approaches)

Berger, Hasan and Zhou (2009) analyze the efficiency of 38 Chinese banks between

1994 to 2003 using the translog cost and profit functions. The authors’results suggest

that under both profit and cost efficiency concepts, foreign banks have the highest

efficiency levels and the Big four state-owned banks have the lowest profit efficiency

due to the large amount of non-performing loans and poor revenue performance. They

also identify three mechanisms which the minority foreign ownership could

potentially improve the efficiency of Chinese bank. This includes “utilizing the

minority positions to improve the corporate culture and management of the banks;

requiring or persuading the banks engage in IPOs to improve reporting and increase

market discipline; and leading consortiums that take over majority ownership of

Chinese banks” (pp. 129). Furthermore, the authors find both non Big-Four

state-owned banks (include non-Big Four majority state-owned banks with/without
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minority foreign ownership during the sample period and private domestic banks with

minority foreign ownership have significant efficiency improvement and they suggest

that if China allows complete privatization of the state-owned banks and unfetter

foreign ownership of the private domestic banks, and remove the restriction on

foreign banks, then Chinese banks might experience larger improvement in efficiency.

Hefferman and Fu (2007) measure cost X-efficiency in China’s banking sector using a

translog cost function and find that banks’efficiency in China are 40%-60% below the

X-efficiency frontier. They suggest that it is possible to improve the X-efficiency of

Chinese banks by converting more state banks to joint-stock ownership and reducing

the dependence on purchased funds. They also assert that increase privatization and

foreign bank entry, liberalized the interest rate should have help in cost X-efficiency

improvement of Chinese banks. In general, most studies find that the joint-stock

banks and foreign banks are more efficient than the Big four state-owned banks and

domestic commercial banks (Herrero, Gavila & Santabarbara, 2009; Can & Ariff,

2008; Hefferman & Fu, 2007; Berger, Hasan & Zhou, 2009; Liu, Shin & Zhang,

2007).

Bank ownership reform involves significant changes in corporate governance

structure. Jang et al. (2009) employing a stochastic distance function approach, and

Lin and Zhang (2009) use the basic regression model to test the static, selection, and

dynamic effects of different mode of ownership and governance change on bank

performance. The authors reported consistent result of the selection effect that banks

with foreign acquisition and going public listing outperformed those who do not. This

could be that the Chinese government selects better banks to carry out a series of bank
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character reformation in order to attract private and foreign investors and ensure the

smooth development of the banking reform procedures (Lin & Zhang 2009). Jang et

al. (2009) assert that the static effect shows joint-stock banks are the most efficient

banks; however the least efficient banks are not the Big four state-owned banks, but

rather foreign banks and city commercial banks. This contradicts previous findings.

The authors arrived at two different conclusions with the dynamic effect; first they

find no improvement in performance after the ownership changes for banks which

experience foreign acquisition or public listing (Lin & Zhang, 2009) and second they

find foreign acquisitions have positive long-term impact and going public has

short-term effect on bank efficiency (Jang et al., 2009).

Herrero, Gavila and Santabarbara (2009) employ the Generalized Method of Moments

(GMM) to investigate the determinants of bank efficiency in China, using panel data

for 87 Chinese banks over the period 1997-2004. The authors find that better

capitalized banks and banks with large share of deposit are more profitable and a less

concentrated banking system can increase profitability of banks. They suggest that the

ongoing reform need to reduce government intervention by lowering the share of

government ownership, fully liberalizing the financial system and improving the

corporate culture. In contrast, Can and Ariff (2008) find negative relationship between

capital level and efficiency, but not significant. The coefficient on loan to deposit is

significantly positive which suggest that banks engage in large amounts of lending

activity may attempt to utilize the purchased funds which could increase efficiency

level. They conclude that banks with high operating cost, more “subsidized capital”

and engage in many lending activities tend to underperform; more profitable banks

tend to be more efficient while they focus on fee-based activities. They suggest that to
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improve Chinese banks’efficiency, China should accelerate reforms to open up the

banking market, to diversify the ownership, minimize government’s capital injection

and improve assets quality.

Fu and Heffernan (2008) use the GMM method to investigate whether the recent

reform policy such as foreign bank participation, banks going public listing and

establish new rural financial institutions have any effect on bank performance in

China. The authors’study covers 76 banks over the sample period 1999 to 2006. Their

results show that bank listing and foreign equity investment have no significant

impact on bank performance, which is similar to Lin and Zhang’s (2009) finding.

Possible explanation for these findings include government reduces the subsidies after

shares are listed and/or foreign banks do not invest any real input into corporate

governance. However, the rural commercial banks significantly outperform the Big

four state-owned banks, the joint-stock banks and city commercial banks. A possible

explanation is that rural commercial banks operate as local monopolies, but there is

fierce competition for customer business to some degree between the rests of the

banks. Moreover, they find banks efficiency improves performance significantly, but

the off-balance sheet activities are insignificant. They assert this is mainly due to

banks in China still concentrate on traditional banking services.

Fu and Heffernan (2009) carry out the first econometric studies of market structure

and bank performance in China from 1985 to 2002 by using the regression model. The

authors find the larger banks offer differentiated products to exercise their market

power during the first stage of reform and neither concentration nor efficiency has

significant impact on the profitability levels. They assert this finding is consistent with
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the fact that the Big four state-owned banks are specialized banks subsidized by

Chinese government and provide loans to designated enterprises. In the second phase

of reform, they find the joint stock banks enjoyed improved X-efficiency and

profitability compare to the SOCBs, but no evidence of a positive effect of efficiency

on market structure. They suggest this is more likely due to the strict regulation

governing banks activities and strict control over the interest rates.

Bank size is also considered as one of the determinants of bank efficiency. In the case

of China, the results are mixed. Berger, Hasan and Zhou (2009) and Can and Ariff

(2008) find medium and small size banks more efficient than large size banks which

contradict Chen, Skully and Brown’s (2005) findings which the large banks and small

banks are the most efficient. Nevertheless, Liu, Zhang and Shin (2007) and Fu and

Heffernan (2008) find no correlation between bank size and their performance.

Zhao and Jiang (2001) use financial ratios to analyze the efficiency for the four

state-owned banks and nine developing joint-stock commercial banks. They conclude

that the developing joint-stock commercial banks in China are more efficient than the

state-owned banks. However, both Big four state-owned banks and developing

joint-stock commercial banks exhibit poor operational efficiency compare to the

commercial banks in Western developed countries. The poor operational efficient is

demonstrated, mainly in the slow innovation of technology, inefficiency of resources

configuration, and lacking of economic scale. They analyze the determinant of bank

efficiency and discover that the resources allocation and technical improvement are

positively related to the bank efficiency in China.
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Li and Hao (2005) use financial ratios to analyze and compare the efficiency between

the Big four state-owned banks and another five international advanced banks (which

include Citibank, Bank of America, Hong Kong and Shanghai Banking Corporation,

Deutsche Bank and Wells Fargo Bank) in year 2002. Bank of China exhibits the

highest return to equity ratio (6.7%) and return on assets ratio (0.23%) among the Big

four state-owned banks, but on average the return to equity and return on assets ratios

(3.625%, 0.165% respectively) of the Big four state-owned banks are much lower

than the five international advanced banks (25.3%, 1.37% respectively) . Moreover,

the capital adequacy ratio of the five international advanced banks are above 10% and

the non-performing loans are below 5%, but three of the Big four state-owned banks

in China have capital adequacy ratio much lower than the 8% Basel capital accord

requirement except the Bank of China (10%) and the non-performing loan of the Big

four state-owned banks are all above 20%. They conclude that the state-owned

commercial banks in China have low efficiency where the inefficient resource

allocation is the key reason when comparing the profitability and capital quality of the

Big four state-owned banks with the five international advanced banks.

Yao, Feng and Jiang (2004) employ the stochastic production frontier function to

examine the effect of ownership structure and hard budget constraint on banks’

efficiency in China, using panel data of 22 banks during the sample period 1995-2001.

Their result indicates that the Big four state-owned banks are 11% to 18% less

efficient than non-state banks, and the banks facing the hard budget tend to

outperform than those banks which have been heavily capitalized by the state and

regional government. Hence, they conclude the ownership reform and hard budget

constraint can improve the efficiency of Chinese banks effectively. Moreover, they



50

suggest China require two banking reforms; first, the Big four state-owned banks

should be fully commercialize, operates without government control and intervention

entirely, and recapitalize in order to make the capital structure similar to the banks in

Western countries. Second, the government should allow more small and medium size

banks to enter the market to compete with the Big four state-owned banks.

3.4 Conclusion

The results from the Chinese banking literatures are quite consistent, where reform in

the banking system does increase competition and improve bank’s efficiency.

However, the government still interferes extensively in domestic banks, such as

lending policies, strict control over interest rate and the needs to achieve yearly targets

for asset quality and capitalization set by the government (Herrero, Gavila &

Santabarbara, 2009). Moreover, most people acknowledge that the Big four

state-owned banks are implicitly guaranteed by the Chinese government. They believe

that in the event of a financial crisis, the Big four state-owned banks are more likely to

be bailed out by the government than other commercial banks. The joint-stock banks

and foreign banks are more efficient than the Big four state-owned banks, but the Big

four state-owned banks still dominate the market and earn monopoly profit under the

protection of the Chinese government (Fu & Heffernan, 2009).
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Chapter 4

Research Methodology and Data Collection

4.1 Introduction

Many studies have examined the performance and/or efficiency of banks in many

countries (Berger & DeYoung, 2001; Ausina, 2002; Gilber & Wilson, 1998; Can &

Ariff, 2008). For example, Ausina (2002) investigated how the deregulation affect

bank efficiency in Spain; Gilber and Wilson (1998) examined the productivity and

efficiency improvement in Korea. Banks are multiproduct firms and they utilize

multiple inputs to generate multiple outputs in the production process. Hence there is

no agreed definition and a standard approach to assess the efficiency of banks.

Moreover, different studies (Tripe, 2003; Berger et al., 1993; Humphrey, 1993; Berger

& Mester, 1997) have defined the concept of efficiency differently and used different

approach to modeling bank’s behavior, different sample period, different type of

banks, and different input and output variables. Consequently, the literatures

document a significant difference in modeling bank’s performance and arriving at

multiple conclusions. This chapter discusses the research methodology and data used

in this study. Section 4.2 reviews the efficiency concepts in the banking literatures.

Different efficiency approaches which have been widely adopted to measure the

efficiency of financial institutions are reviewed in Section 4.3. Section 4.4 describes

the statistical test for the research questions. Data sources and collection methods are

described in Sections 4.5 and 4.6.
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4.2 Review of Efficiency Concept

Previous researches (Rhoades, 1998; Dan & Ghosh, 2006, 2009; Patti & Hardy, 2005;)

have analyzed different forms of commercial banks’ efficiency, such as scale

efficiency, scope efficiency, X-efficiency, cost efficiency and profit efficiency.

Scale efficiency measures the traditional theory of economies of scale, which refers to

decrease per unit cost when output increases. When the proportional increase in

output is greater than the proportional increase in input, increase return to scale occurs.

In contrast, when increase in output required more than the proportional increase in

input, diseconomies of scale exist. Economies of scope refers to the cost of producing

a bundle of outputs with the same level of inputs and should be lower than if the firm

specialized in producing a single type of output (Tripe, 2003).

Berger et al. (1993) review and summarize the prior literatures on scale efficiency of

bank and conclude that the results from prior studies (Berger et al., 1987; Ferrier &

Lovell, 1990; Berger & Humphrey, 1991; Bauer et al., 1992) that use a single model

may not be able to incorporate the technologies when the size of the banks are

different. The existing scale efficiency studies generally use the translog cost function,

but have poor approximation when applied to all banks with different sizes. Because

some important factors vary due to bank size may be excluded from the model, such

as larger banks have big value in asset than small banks, larger banks have different

product mixes than small banks or the sizes of loan portfolios are different between

larger and small banks. Moreover, theoretically, scale economies apply only to the

efficient frontier, but when the use of data from banks is off the frontier the use of non

frontier estimation method could distort the scale efficiency with differences in
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X-efficiency and this is another problem in the scale efficiency studies.

Berger et al. (1993) also conclude that there are three major problems associated with

the scope efficiency analysis. First, the translog specification imposes extreme

diseconomies of scale on any data set when estimating economies of scope and the

second problem is economies and diseconomies scope measurement are often erratic

and far exceed the credible level when the potential significant extrapolation problems

are combined with the problems of translog specification. The third problem is that

the economies of scope could distort the x-efficiency in evaluation, which occurs

when using data that are not on the efficiency frontier. Berger, Hancock and

Humphrey (1993) develop a new efficiency concept using a profit function rather than

traditional cost function, known as the “optimal scope efficiency”which captures both

cost-effect and profit-effect of input and output choice. They suggest that this

procedure can avoid the three problems associated with the scope efficiency analysis.

Tripe (2003) asserts that previous discussion of the economies of scale and economies

of scope applied a uniform production function to all the firms in the market, which

means the cost of the firms will be the same to those which produce the same mix of

output in the same volume. But this may not be reasonable, hence gives rise to the

concept of X-efficiency. X-efficiency or economic efficiency defined by Berger et al.

(1998) has been tested extensively in the banking literature. This includes both

technical and allocative efficiency. Technical efficiency measures whether a firm can

maximize its output for a given level of input or minimize the input for a given level

of output (Berger et al, 1998). However, allocative efficiency is defined as how well

the firms make effective choice of inputs to achieve the goal of cost minimization
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(Avkiran, 2006). Hence, X-efficiency considers the optimal choice of input and/or

output and also the price factor which lead to a higher efficiency score than technical

efficiency (Berger et al., 1998).

Berger & Mester (1997) introduce three distinct efficiency concepts, namely cost

efficiency, standard profit efficiency and alternative profit efficiency. Cost efficiency

measures “how close a bank’s cost is to what a best-practice bank’s cost would be for

producing the same output bundle under the same conditions”(Berger & Mester,

1997). Standard profit efficiency measures how well the bank can earn the maximum

profit for a given level of input and output price. Alternatively, profit efficiency

measures how well a bank can earn a maximum profit for a given output level rather

than the output price (Berger & Mester, 1997).

4.3 Review of Different Efficiency Approach

Both parametric and non-parametric approaches have been widely adopted to measure

the efficiency of financial institutions. Berger and Humphrey (1997) conduct a survey

and identify three main parametric approaches, that is stochastic frontier approach

(SFA), distribution-free approach (DFA), the think frontier approach (TFA) and two

main non-parametric approaches – the data envelopment analysis (DEA) and free

disposal hull (FDH) method. These five approaches are frontier estimation method

using different assumption to determine the position of efficiency frontier (Tripe,

2003). The efficiency of the financial institution is measured by the distance between

the performance values to the best practice efficiency frontier.
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It is difficult to determine which of the two main approaches is better because both

approaches have different degrees of advantage and disadvantage. The parametric

approaches need to specify a functional form to generate the relationship between the

input and output which presumed the shape of the efficiency frontier and this may

result in the distortion between the measured efficiency and the specification error if

the functional form is mis-specified (Thanassoulis, 1993; Berger & Humphrey, 1997,

1998; Tripe, 2003) However, the parametric approaches are good at dealing with the

random error that may arise from measurement, data problem or accounting practices.

The non-parametric approaches do not need to specify a functional form which

imposes less restriction on the shape of the efficiency frontier (Berger & Humphrey,

1997, 1998; Arkiran, 2006; Mercan et al., 2003). However, previous researchers have

difficulty to differentiate the random error, because they generally assume no random

error arising from measurement, data problem or accounting rules and the changes in

efficiency measurement should be a reflection of the errors appeared in the inefficient

unit data (Berger & Humphrey, 1997).

Berger, Hasan & Zhou (2009), Fu & Heffernan (2007) and Yao, Zhang & Jiang (2009)

employed the parametric SFA approach to study bank efficiency in China, Chen,

Skully & Brown (2005), Can & Ariff (2008) and Yao, Han & Feng (2008) used the

non-parametric DEA approach to study bank performance and efficiency in China and

some researches employed the conventional regression method (Lin & Zhang, 2009;

Fu & Heffernan, 2009), unconventional method of system GMM model (Herrero at al.,

2009; Fu & Heffernan, 2008) and the principal components approach to analyze the

performance of Chinese banks (Liu, Zhang & Shin , 2007).
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4.4 Techniques of Efficiency Measurement

4.4.1 Data Envelopment Analysis

The data envelopment analysis (DEA) has been extensively used to estimate the

efficiency in the field of economic and finance. The DEA is a productivity analysis

model which measures the relative efficiencies of various Decision-Making Units

(DMUs) (in our case the bank) for a particular sample (Sathye, 2001). DEA can

handle multiple inputs and outputs at the same time. It is a linear program in the form

of piecewise linear combination, which gives a set of best practice observation and

evaluates the performance by relating the input and output combination to a common

efficiency frontier (Chen, Skully and Brown, 2004).

The basic DEA model is introduced by Charnes, Cooper and Rhodes (1978) based on

the assumption of constant return to scale (CRS) to measure the technical efficiency

of the DMUs. Banker, Charnes and Cooper (1984) expand the basic DEA model by

changing the assumption of CRS to variable returns to scale (VRS) and brake down

the technical efficiency into pure technical efficiency and scale efficiency (Lin, Lee &

Chiu, 2009; Zhang, 2003). Both the CRS and VRS models in the DEA approach can

be analyzed in two ways. One is under an input-orientation approach which is a linear

programming problem of how to minimizing the inputs to maintain a certain levels of

outputs. The other is an output-orientation approach which analyzes how to maximize

the outputs using linear programming when the input levels are fixed (Zhang, 2003).

Some studies have used DEA techniques to analyze bank performance in China. For

example, Ariff and Can (2008) use DEA to investigate the cost and profit efficiency of

Chinese banks from 1995 to 2004; Chen, Skully and Brown (2005) examine the cost,
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technical and allocative efficiency of 43 Chinese banks from 1993 to 2000 to identify

the efficiency change of Chinese banks following the deregulation program initiated

by Chinese government in 1995; and Yao, Han & Feng (2008) evaluate the technical

efficiency of 15 largest banks in China from 1998 to 2005.. Wu and Zhao (2008)

analyze the technical efficiency, input redundancy and output deficiency of 13

Chinese banks through 2004 to 2006 using both basic DEA model and

super-efficiency DEA model (super-efficiency will be discuss later in this chapter).

The relative small sample size in this study makes the parametric estimation result

unreliable and DEA is the preferable approach when the sample size is small (Sathye,

2001; Tripe, 2003). Hence the DEA is a better approach rather than the parametric

approaches to investigate the technical and scale efficiency of the Big four

state-owned banks. Zhao, Zhou and Jiang (2001) use the input-oriented DEA method

to investigate the technical and scale efficiency of the four state-owned commercial

banks in China from 1993 to 1998, but in this study we adopt both input/output

oriented DEA model in order to obtain a more robust result.

The Chinese banking system has undergone significant reform process since 1979.

The Chinese government has attempted to enhance the competition in the banking

sectors and profit maximization is now the operating centre of gravity for every bank.

In this study, we first use both of the input-oriented and output-oriented DEA model

with assumption of constant return to scale to measure the technical efficiency of the

big four state-owned banks from 1999 to 2008. Second, we employ both

input-oriented and output-oriented DEA model with the assumption of variable return

to scale to determine the scale efficiency. Theoretically, the result from both

input/output oriented DAE model should be the same if the data are correct and
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previous studies have only use one approach (input-oriented). In this study, we choose

to apply both methods (output –oriented and input-oriented) with the same data set in

order to get a robust result. However, the basic DEA model has difficulty in ranking

the DMUs (Talluri, 2000), which means the result from basic DEA model will show

the efficiency score equal to 1 for those DMUs are efficient which is unable to rank

these efficiency DMUs. Thus this study uses the super-efficiency DEA model

introduced by Andersen and Petersen (1993) to rank the performance of the Big four

state-owned banks. Another drawback of the DEA model is that the model only can

analyze efficiency at a point in time. It cannot show the efficiency tendency change

over time. Therefore, this study employs the Malmquist index to measure how the

efficiency of the Big four state-owned banks changes over time.

4.4.2 Constant Returns to Scale (CRS) DEA Model

First, we use constant returns to scale (CRS) DEA model introduced by Charnes et al.,

(1978) to measure the bank’s technical efficiency. The efficiency score in the presence

of multiple input and output factors can be express as:

weighted sum of outputs
Efficiency =

weighted sum of inputs
(1)

Consider a set of n DMUs (in this study n = 4), with each DMU k (k = 1, 2, … , n),

using p inputs xik ( i = 1, … , p) and generating q outputs yjk ( j = 1, … , q). The

relative efficiency score of a DMUk can be express as the ratio of weighted output to

weighted input.
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E ffic iency =
j jk

j

i ik
i

u y

v x




(2)

The technical efficiency of a particular DMU is given by the solution of the following

fractional programming problem, which is deriving from the ratio model equation (2)

(Seiford and Cook, 2009):

1

1

Max

q

j jk
j

p

i ik
i

u y

v x








(3)

1 1

s.t. 0,
q p

j jk i ik
j i

u y v x k
 

   

, , ,j iu v j i 

where

j (output) = 1 to q

i (input) = 1 to p

k (DMU) = 1 to n

xik = indicates the amount of ith input use by the kth DMU.

yjk = indicates the amount of jth output generate by the kth DMU.

uj = weight given to output j

vi = weight given to input i

ε= a non-archimedean value designed to enforce strict positivity on the variables.
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Equation (3) is the original DEA model proposed by Charnes et al. (1978) which

provides for constant returns to scale. For more detail about the methodological

development of the data development analysis can be found in Seiford & Cook

(2009).

The fractional programming in equation (3) can be converted to a linear programming

model as follows:

1

Max
q

j jk
j

u y

 (4)

1

s.t. 1
p

i ik
i

v x




1 1

0,
q p

j jk i ik
j i

u y v x k
 

   

, , ,j iu v j i 

4.4.2.1 Input-oriented approach

The model discussed above (equation 3) involving the ratio of outputs to inputs is

referred to as the input-oriented approach in the (CRS) DEA model. And by duality,

equation 4 is equivalent to the linear programming, which is the input-oriented

approach we use in this study following Yao, Han and Feng’s (2008) framework:

1 1

Min
q p

k j i
j i

s s   

 

 
  

 
  (5)
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1

s.t. 1, ....,
n

k ik i k ik
k

x s x i p 



  

1

, 1,....,
n

k jk j jk
k

y s y j q 



  

, , 0, , ,k i js s k j i    

where,

xik indicates the amount of ith input use by the kth DMU.

yjk indicates the amount of jth output generate by the kth DMU.

is js are slack variables in the sense and if they are 0, then the DMU is the most

efficient or on the frontier. If Si > 0, then the DMU uses too much input i by the

amount of Si for the given output. If Sj > 0, then the DMU could have

produced more output j by the amount of Sj for a given input.

ε is a non-Archimedean element in order to optimize and ensure that these

variables are considered in solution., usually set as 10E-4 or 10E-6.

k identifies a point within the production possibility set that can be constructed

from DMU k.

θk is the efficiency score to determine whether DMU k is technically efficient. In the

input-oriented approach θ should between zero and one (0≤θ≤1). DMUk is

technically efficient if and only if the value of θk = 1 and is , js are zero in value.

The efficiency score would be less than one for those inefficiency DMUs.

All the variables in the following approach and models have the same interpretation as

discussed above, since the following approach and models are derive from the basic

DEA model in equations (3), (4) and (5) , but with some extra constraint term or time

,i js s 
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period term2.

4.4.2.2 Output-oriented approach

We also use the output-oriented approach in (CRS) DEA model to measure the

technical efficiency following Seiford and Zhu’s (1999) framework. The linear

programming function of the output-oriented approach is given as:

Max
1 1

p q

k i j
i j

s s  

 

 
   

 
  (6)

s. t.
1

n

k ik i ik
k

x s x



   i = 1, … , p;

1

n

k jk j k jk
k

y s y



   j = 1, … , q;

, , 0, , ,k i js s k i j    

The output-oriented approach inverts the ratio of equation (1) (Seiford & Cook, 2009.

pp.2). The derivation of the fractional programming function and the linear

programming model are similar to the input-oriented approach and all the variables

are similarly defined as in equation (5) in both approaches. The only different is that,

the input-oriented approach minimizes the inputs to maintain a certain levels of

outputs, while the output-orientation approach maximizes the outputs using linear

programming when the input levels are fixed.

2 For example, the super-efficiency DEA model involves executing the standard DEA model but with the
assumption that the DMU being evaluated is excluded from the reference set. The Malmquist index is derive from
the basic DEA model, but with time period term.
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4.4.3 Variable Returns to Scale (VRS) DEA Model

Second, we used the variable returns to scale (VRS) DEA model, introduced by

Banker, Charnes and Cooper (1984) to examine the scale efficiency. The authors

extended the basic DEA model from Charnes et al., (1978) with the assumption of

variable returns to scale (VRS) rather than CRS. The ratio model of the VRS DEA

model differs from equation (3) by way of an additional variable uk (Seiford & Cook,

2009):

1

1

M ax

q

j jk k
j

p

i ik
i

u y u

v x





 
 

 



(7)

1 1

s.t. 0,
q p

j jk k i ik
j i

u y u v x k
 

    

, , ,j iu v j i 

uk unrestricted in sign

All the variables in the VRS model have the same definition as in the CRS model

The linear programming of equation (7) is given as follows:

1

Max
q

j jk k
j

u y u


 (8)

1

s.t. 1
p

i ik
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v x




1 1

0,
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u y u v x k
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, , ,j iu v j i 

uk unrestricted in sign

4.4.3.1 Input-oriented approach

Equations (7) and (8) are referred to as the input-oriented approach in the (VRS) DEA

model. And by duality, equation (8) is equivalent to the linear programming of the

following equation:

1 1

Min
q p

k j i
j i

s s   

 

 
  

 
  (9)

1

s.t. 1,....,
n

k ik i k ik
k

x s x i p 



  

1

, 1,....,
n

k jk j jk
k

y s y j q 



  

1

1
n

k
k






, , 0, , ,k i js s k i j    

The value from the input-oriented (VRS) DEA model represents the pure technical

efficiency under the variable returns to scale and the only difference between the

input-oriented approach in the CRS and VRS model is the extra convexity

constraint
1

1
n

k
k




 .
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4.4.3.2 Output-oriented approach

Similarly, we also use the output-oriented approach in VRS DEA model to measure

the pure technical efficiency of the four state-owned banks. The only difference

between the output-oriented approach in the CRS and VRS model is the extra

convexity constraint
1

1
n

k
k




 .

1 1

Max
p q

k i j
i j

s s   

 

 
  

 
  (10)

s. t.
1

n

k ik i ik
k

x s x



   i = 1, … , p;

1

n

k jk j k jk
k

y s y



   j = 1, … , q;

1

1
n

k
k 

 

, , 0, , ,k i js s k i j    

where,

k is the efficiency score of pure technical efficiency in both of the input-oriented

and output-oriented (VRS) DEA model.

The scale efficiency of DMU k in both input-oriented and output-oriented approaches

can be measured by

*

*
k

k
k

SE



 , which means when using the input-oriented
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approach (output-oriented approach) to calculate the scale efficiency of the Big four

state-owned banks, we have to use the technical efficiency score from the

input-oriented (output-oriented) CRS DEA model divided by the pure technical

efficiency score from the input-oriented (output-oriented) VRS DEA model.

4.4.4 Super-Efficiency DEA Model

The main drawback of the basic DEA model is the ranking of the DMUs that is

deemed to be efficient by the DEA model which have the same efficiency score. The

super-efficiency model carry out the standard DEA model with the assumption of

excluding the DMU being evaluated from the DMUs set (Cook & Seiford, 2009).

Moreover, the super-efficiency DEA model is developed under two conditions: (1) the

DEA frontier exhibits constant returns to scale and (2) all inputs or outputs are

simultaneously changed in the same proportion (Yao, 2004. pp.213). Here, we use the

output-oriented approach in super-efficiency DEA model as an example to explain the

meaning of the results:

Max
1 1

p q

k i j
i j

s s  

 

 
   

 
  (11)

s. t.
1

n

k ik i io
k
k o

x s x




   i = 1, … , p;

1

n

k jk j k jo
k
k o

y s y
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Equation (11) represents the output-oriented CRS super-efficiency DEA model. For

example, if we want to estimate the efficiency for DMUo, the basic CRS DEA model

does not exclude the DUMo in the reference set (
1

n

k ik i ik
k

x s x



   ).

But, in the CRS super-efficiency DEA model, the DUMo is not included in the

reference set (
1

n

k ik i io
k
k o

x s x




   ).

The benefit of using the super-efficiency DEA model is that we can calculate the

efficiency score for those efficient DMUs and ranking them, since the efficiency score

from the super-efficiency DEA model will not have efficiency score of unity for all

the efficient DMUs.

For the inefficient DMUs: an efficiency score > 1, “which could be interpreted as the

minimum increase in output vector that is required to make a DMU efficient”

(Khodabakhshi, 2010. Pp. 664).

For the efficient DMUs: an efficiency score ≤ 1 means “it represents the maximum

possible proportional decrease in the output to retain DMU efficiency”

(Khodabakhshi, 2010. Pp. 664).

The function for input-oriented CRS super-efficiency DEA model is similar to the

linear equation (5), but with additional constraint of excluding the DMU0 from the

DMUs’reference set
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4.4.5 The Malmquist Index

To evaluate the four state owned banks’efficiency over time, we use the Malmquist

index. The t
ikx and t

jky is the input and output level, respectively for the DMUk at

time t. We need two single period (i.e time t and t+1) and two mixed period technical

efficiency score to calculate the Malmquist index. For example, the calculation of the

output-oriented CRS efficiency score for DMUo at period t is given as follows:

 , m axt t t
o io jo ox y  (12)

s.t.
1

n
t t

k ik io
k

x x




1

n
t t

k jk o jo
k

y y 




0, 1,...,k k n  

We use equation (12) to calculate the technical efficiency score for DMUo at period

t+1 by using t+1 to instead of t. The two mixed period measure for DMUo can be

solved from the linear program using equations (13) and (14):

 1 1, maxt t t
o io jo ox y    (13)

s.t.
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t t
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n
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0, 1,...,k k n  
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The result from equation (13) is use to compare
1t

iox 
to the efficiency frontier at

time t.

 1 , maxt t t
o io jo ox y   (14)

s.t.
1

1

n
t t

k ik io
k

x x 





1

1

n
t t

k jk o jo
k

y y 





0, 1,...,k k n  

The result from equation (14) is use to compare
t
iox to the efficiency frontier at time

t+1.

The output-oriented Malmquist index following Fara et al. (1994) framework under

the constant return to scale can be expressed as follows:
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(15)

Mo in equation (15) measures the productivity change of a specific DMUo between

time period t and t+1 and the modification equation of (15) shows that Mo is

equivalent to the product technical efficiency change index and index of technical

change (Linh, 2009). Hence, we can measure the technical efficiency change and the

movement of frontier of the specific DMUo, as follows:
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Efficiency change (EC):
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Technical change (TC):
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4.5 Specification of Inputs and Outputs

There are two ways to determinate the input and output variables in the efficiency

model based on whether we view the banks as the production or intermediation

institutions. Under the production approach, a bank is considered as a firm generating

deposits and loans using both labors and capital and the objective is to minimize the

consumption of the resources which are used to provide services, whereas the outputs

are measured by the number of accounts or transactions (Tripe, 2003; Avkiran, 2006).

Under the intermediation approach, the bank acts as the intermediary raising funds

from savers and lending funds to investors to generate profit, where the inputs and

outputs are measured in monetary units (Mostafa, 2009).

Berger and Humphrey (1997) state that neither production nor intermediation

approach is perfect for measure the flow of services provided by the financial

institution, because both approach cannot capture the dual roles of the financial

institutions which are (1) financial institutions producing services for account holders,
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such as providing transactions and process documents for customers and (2) acts as

the intermediaries which transfer funds from savers to investors. Moreover, Berger

and Humphrey (1997) assert that the intermediation approach inclusive of the interest

expense which often accounts for 1/2 to 2/3 of the total cost of the financial

institutions. Hence the intermediation approach may be somewhat better than the

production approach to measure the efficiency of the entire financial institutions. To

the contrary, production approach may be more suitable for evaluating the branches’

efficiency of the financial institutions, because branches are more focus on process

customer documents and have limited influence over bank funding and investment

decisions (Berger & Humphrey, 1997).

The commercial banks in China are gradually divorcing the role of the intermediary.

Instead they are concentrating on maximizing shareholders’which becomes the centre

of gravity of the commercial banks in China. However, the commercial banks in

China still undergoing the reform process, hence this study chooses the intermediation

approach to determine the input and output variables.

The DEA approach is sensitive to variables selection which means there are more

chances some inefficient units become efficient as the number of variables increases

(Mostafa, 2009). Because of the relatively small sample size in our study, the more the

variables we choose, there are more chances some inefficient units become efficient.

Moreover, the availability of data is very limited in the Chinese bank financial

statement, hence we choose the variables that are available in the financial statements

for all the sample period and based on similar studies which used small sample size

(for example see Tripe, 2003; Avkiran, 1999 & 2000; Su & Tripe, 2001).



72

The input variables used in this study are interest expense, non-interest expense,

because the interest and non-interest expense could reflect the cost level of the four

state-owned banks. The output variables include interest income and non-interest

income, both interest and non-interest income can respectively reflect the level of

main business and intermediary business of the banks, hence, should treat as output

variables. Deposit is a controversial variable where some studies treat it as input

variable. For example, Avkiran (2006) asserts that “the funds raised and the expenses

incurred in the intermediation process are normally treated as inputs, whereas the

funds loaned and income generated are regarded as outputs.”Similarly, Chen and Yeh

(2000) use the intermediation approach and treat deposits as an input; they explain

that the main business of bank is to use the funds from deposit to lend to others.

However, Yao, Han and Feng (2008) argue that “deposits are an intermediate

substance which helps banks achieve interest income and non-interest income through

banking services and the input is not the deposit itself but the resources that are used

to generate the deposit”(pp. 1316). Furthermore, Zhang (2003) explains that banks in

China do not charge any fees when offering the deposit business and the author asserts

that this would have positive external effects for the society. Hence Zhang (2003)

treated deposit as an output variable in his study. In our study, we treat deposit as

input. Table 4 provides a condensed summary of previous studies of DEA analysis of

bank performance using different input and output variables.
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Table 4: DEA analysis with different input and output variables

Study Input variables Output variables

Sherman and

Gold (1985)

Employees, expenses, space Number of transactions

Parkan

(1987)

Employees, expenses, space,

rent, terminals

Number of transactions,

customer response, error

corrections

Oral and

Yolalan

(1990)

Employees, terminals, number

of accounts, credit

applications

Number of transactions

Vassiloglou

and

Giokas

(1990)

Employees, suppliers, space,

Computer terminals

Number of transactions

Giokas

(1991)

Employees, expenses, rent Number of transactions

Al-Faraj et

al.

(1993)

Employees, location,

expenses, acquired equipment

Net profit, balance of current

accounts, savings account,

loans, number of accounts

Fukuyama

(1993)

Employees, capital, funds

from customers

Loan revenue, other revenues

Sherman and

Ladino

(1995)

Employees, expenses, rent Number of transactions

Favero and

Papi

(1995)

Employees, capital, loanable

funds, deposits

Loans, investment in securities,

non-interest income

Athanassopo

ulos

(1997)

Employees, ATMs, terminals,

interest costs, non-interest

costs, location

Non-interest income

Resti (1997) Employees, capital Loans, deposits, non-interest

income

Bhattacharya Interest expense, operating Advances, deposits,
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et al.(1997) expense investments

Schaffnit et

al. (1997)

Employees Transactions, maintenance

Ayadi et al.

(1998)

Interest on deposits, expenses

on personnel, total deposits

Total loans, interest income,

non-interest income

Al-Shammari

and

Salimi (1998)

Selected financial ratios Selected financial ratios

Chen and

Yeh

(1998)

Employees, assets, number of

branches, operating costs,

interest expenses

Loans, investments interest

income, non-interest income

Seiford and

Zhu

(1999)

Employees, assets, capital

stock

Revenue, profits

Golany and

Storbeck

(1999)

Employees, space, marketing Loans, deposits, accounts per

customer, satisfaction

Drake and

Howcroft

(1999)

Number of loan accounts,

number of mortgage accounts,

number of cheque accounts

Personal loans, new cheque

accounts, mortgage loans,

insurance commission, change

in ‘marketed balances’

Zenios et al.

(1999)

Employees, terminals, space,

current accounts, savings

accounts, credit applications

Number of transactions

Mukherjee et

al.

(2002)

Networth, borrowings,

operating expenses,

employees, number of

branches

Deposits, net profit, advances,

non-interest income, interest

income

Ho and Zhu

(2004)

Capital stocks, assets, number

of branches, employees

Sales, deposits

Sakar (2006) Branch numbers, employees

per branch, assets, loans,

ROA, ROE, interest

income/assets, interest
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deposits income/operating income,

non-interest income/assets

Wu et al.

(2006)

Employees, expenses Deposits, revenues, loans

Howland and

Rowse

(2006)

Non-sales FTE, sales FTE,

size, city employment rate

Loans, deposits, average

number of products/customer,

customer loyalty

Avkiran

(1999)

Model A

Interest expense

Non-interest expense

Net interest income

Non-interest income

Avkiran

(1999)

Model B

Deposits

Staff numbers

Net loans

Non-interest income

Avkiran

(2000)

Interest expense

Non-interest expense

Net interest income

Non-interest income

Sathye (2001) Labour, Capital

Loanable funds

Loans

Demand deposits

Su & Tripe

(2001)

Model A

Interest expense

Non-interest expense

Net interest income,

Non-interest income

Su & Tripe

(2001)

Model B

Interest expense

Non-interest expense

Customer deposits, Net loans and

advances, Operating income

Su & Tripe

(2001)

Model C

Interest expense

Non-interest expense

Deposits

Loans and advances

Operating income

Tripe (2003) Interest expense

Non-interest expense

Net interest income

Non-interest income

Source: Mostafa, M. M. (2009). Modeling the efficiency of top Arab banks: A DEA-neural network
approach. Expert Systems with Application 36 (2009) 309-320.
Tripe, D. (2003). Trends in New Zealand bank efficiency over time. Applied Econometrics
and International Development. AEEADE. Vol. 3-1 (2003)
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4.6 Sample Selection and Data Collection

4.6.1 Sample Period

Previous studies use annual bank data obtained from two main sources, the

BankScope, an international reputable database and the Almanac of China’s Finance

and Banking to analyze bank’s performance in China (Jia, 2009; Can and Ariff, 2008;

Lin and Zhang, 2009; Chen, Skully and Brown, 2005; Fu and Heffernan, 2007 and

2009; Berger, Hasan and Zhou, 2009; Jang et al., 2009; Herrero, Gavila and

Santabarbara, 2009). The sample period in previous studies was before 2005. These

studies also collected or verified the data from the official annual report and China

statistical Yearbook to trace the missing data. This is consistent with what we found

from the official websites of the state-owned commercial banks as most of the annual

reports prior to 2004 are not available.

Our sample includes the Big four state-owned commercial banks from 1990 to 2008

totaling 76 observations. The 19-year period is selected with a view of the importance

of the reform period in the Chinese banking industry from 1994, the post WTO

accession and the subprime loan crisis period in 2007, which are expected to have

significant impact on China’s bank performance.

4.6.2 Sample Data Collection

The annual reports published on the bank’s official website for each state-owned bank

are available only after 2004. The accounting standard that has been used to record the

financial statement is different in the bank annual report and in the Almanac of

China’s Finance and Banking. Hence, to be consistent, the data for all the variables

are obtained from different editions of Almanac of China’s Finance and Banking.
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Secondary annual data is used in this study for all the variables including interest

expense, non-interest expense, deposits, interest income and non-interest income.

Interest income and interest expense are directly obtained from the income statement

of each banks in the Almanac of China’s Finance and Banking. However, deposit,

non-interest income and non-interest expenses cannot be obtained directly from the

balance sheet and income statement, because banks used different name to record the

financial items in the financial statement and sometime use different accounting

standard in different time periods. We calculate the total deposit, non-interest income

and non-interest expense as follows:

4.6.2.1 Deposit

Different banks use different name to record the financial item in the financial

statement. For example, total customer deposits can be found in the balance sheets of

ICBC after year 2005, but cannot be found in the balance sheet between 1994 to 2005,

which have been separately recorded as long-term and short-term deposits, and for

those years before 1994, deposits have been recorded as deposits from enterprises and

total saving deposits. Moreover, different accounting standards have been used in the

financial statements in different time period. For instance, in year 2007 and 2008, the

deposits from other banks and financial institutions are recorded separately with the

inter-banks borrowing in the balance sheet of BOC, but they combined these two

financial items together as a total item from 2001 to 2006. Hence, the total deposits in

this study include the deposits from customers (short-term and long-term deposits,

short-term and long-term saving deposits), deposits from enterprises, deposits from

other banks and financial institutions.
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Moreover, according to the concept of the deposit of banks, the inter-bank borrowing

should not be included in the total deposits, but we cannot separate the inter-bank

borrowing with the deposits from other banks and financial institutions; hence the

inter-bank borrowing has been included in the total deposits. The main drawback of

the inter-bank borrowing being included in the total deposits is over estimate the

actual value of total deposit, and the result from DEA model may under estimate the

efficiency score when deposits are treated as input variable in the model, since the

outputs of the bank is unchanged, but the inputs of the bank are more than they use to

produce a certain level of output.

4.6.2.2 Non-interest income and non-interest expense

The income statements for each bank did not record the total amount of non-interest

income and non-interest expenses. We calculate the non-interest income/expense by

adding up each financial item listed in the income statement. The total non-interest

income is calculated by adding up the fee and commission income, investment income,

income from foreign exchange and income from other businesses. The total

non-interest expense is obtained from the sum of fee and commission expense,

business tax and annex, operation and administrative expense, loss from asset

devaluation and expense from other businesses. This study uses the above method to

calculate the non-interest income and non-interest expense through the sample period

for ICBC, ABC, CBC and BOC, except the non-interest income and non-interest

expense for BOC from 2001 to 2005.
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4.6.2.3 Estimation for the missing data

The income statement for BOC from 2001 to 2005 only records the net fee and

commission income, and net income from other business. We cannot obtain separate

data for the fee and commission income/expense and the income/expense from other

businesses to calculate the non-interest income and non-interest expense method we

introduced in Section 4.6.2.2. However, we know the interest income, interest expense

and operating profit for each year and the estimation of non-interest income and

non-interest expenses for BOC from 2001 to 2005 are shown in Table 4.6.

Table 4.6: Estimation of non-interest income and expenses for bank of China
from 2001 to 2005

year OP I IE I-IE NI-NIE growth
rate

NI
(estimate)

NIE
(estimate)

check
result

2000 5406 126059 87462 38597 -33191 10721 43912
2001 2417 95519 61307 34212 -31795 -0.04206 10270 42065 -31795
2002 13195 78598 39189 39409 -26214 -0.17553 8467 34681 -26214
2003 18684 84915 35348 49567 -30883 0.17811 9975 40858 -30883
2004 53914 111483 39275 72208 -18294 -0.40764 5909 24203 -18294

2005 60838 138739 53500 85239 -24401 0.33383 7882 32283 -24401

Note: OP= operating profit, I = interest income, IE = interest expense,
NI = non-interest income, NIE = non-interest expense

We obtain the operating profit from the income statement for each year. Operating

profit is defined as operating income –operating expense. The operating income for

the bank includes interest income and non-interest income, the operating expense

includes interest expense and non-interest expense, and operating profit = (I+NI) -

(IE-NIE) = (I-IE) + (NI-NIE). We can obtain interest income (I) and interest expense

(IE) for each year and NI and NIE before 2001. Hence, we obtain (NI-NIE) =

operating profit - (I-IE) and calculate the growth rate of (NI-NIE) from 2001 to 2005.

The estimation of NI and NIE in 2001 uses the NI and NIE in 2000 times the growth
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rate of 2001 and the estimation for the rest years (2002-2005) can be calculated in the

same way. The column of “check result”is used to check whether our estimation of

non-interest and non-interest expense are correct. The estimated non-interest income

minus non-interest expense should be equal to the number we obtain in the column

(NI-NIE), if the estimations are correct. We use this method to estimate the

non-interest income/expense because the Big four state owned banks exhibit only

constant return to scale and no variable return to scale when we calculate the technical

efficiency from 1990 to 2008. By definition, under the constant return to scale the

income and expense should increase or decrease in the same proportion which

matches the estimation method, as we use the same growth rate to calculate the

non-interest income and non-interest expense. The assumption of this estimation is

that the non-interest income and non-interest expense change in the same proportion

of the growth rate.

4.7 Conclusion

This chapter first reviews the efficiency concepts and different efficiency approaches

which have been widely adopted in the banking literatures. Section two discusses the

empirical equations and statistical test method for the research questions. The input

and output variables and data sources used in this study are presented in Section three.
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Chapter 5

Empirical Findings and Result Discussions

5.1 Introduction

This study used both MaxDEA 5.0 and DEA Excel Solver softwares to test the

technical efficiency of the Big four state-owned banks in order to see whether there is

any different in the results using different software. The analysis from both softwares

showed similar results. This chapter reports the results of the study. Section 5.2

presents the results from DEA Excel Solver which measure the technical efficiency,

input excessive, output insufficient of the Big four state-owned banks. Section 5.3

discusses the scale efficiency of the Big four state-owned banks. The ranking results

of the Big four state-owned banks from the super-efficiency DEA model are presented

in Section 5.4. Section 5.5 presents the result from Max DEA 5.0 for the Malmquist

index, which measure how technical efficiency change over time for the Big four

state-owned banks.

The input and output variables use in the all the models include:

The input variables: x1----- interest expense

x2----- non-interest expense

x3----- deposit

The output variables: y1----- interest income

y2----- non-interest income
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5.2 Measure of Technical Efficiency

The original DEA model proposed by Charnes et al., (1978) which provides for

constant returns to scale can measure the technical efficiency of the banks. We use

both input-oriented and output-oriented approach to measure the technical efficiency

of the Big four state-owned banks.

Table 5 shows the deflated inputs and outputs data for the Big four state-owned banks

in 1990 to remove any inflation effect in the data. The original inputs and outputs data

are obtained directly from the balance sheet in the Almanac of China’s Finance and

Banking are in nominal terms. This will cause inaccurate estimation of the banks’

technical efficiency. For example, the technical efficiency may have no change if the

inflation is the same as the increase in the value of input or output variables. We

obtained the 1990 to 2008 inflation rate from the National Bureau of Statistic of China

and detrended the data by using the original input and output data multiply by the

detrended rate, which is calculated by the formula 1/(1+i)3 (see Table A1 in appendix

for the inflation rate). We substitute the inputs and outputs variables of the Big four

state-owned banks for each year from 1990 to 2008 into equations (5) and (6) to

obtain the technical efficiency score of each bank for each year.

3
The letter “i”means the inflation rate for each year from 1990 to 2008.
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Table 5: Inputs and outputs data for the Big four state-owned banks in 1990
(units：millions of RMB)

inputs outputs

1990 interest
expense

non-interest
expense deposit interest

income
non-interest

income
BOC 36704 15081 514878 43268 4793
CBC 9694 5821 174923 17205 176
ICBC 42178 8282 505448 61568 1743
ABC 65243 6315 226117 71121 1558

Source: The original data is from the balance sheet and income statement of the four
state-owned banks in Almanac of China’s Finance and Banking 1990 (the value in the
table is after deflate)

5.2.1 Input-Oriented Approach

First we explain the numerical meaning of the result from the input-oriented approach

and determine how the inputs and outputs resources affect the efficiency of the Big

four state-owned banks respectively. Then we compare the technical efficiency

between the Big four state-owned banks over the sample period and discuss the

economic meaning of the results and the possible reasons that might cause the

efficiency and inefficiency in the banks.

The economic implications of the result for the input-oriented approach DEA model

are:

(1) When θ=1 and s- = s+ = 0, the bank would be deemed strongly efficient or simply

efficient (DEA-efficient).

(2) When θ=1 and s- ≠  0 or s+ ≠  0, the bank would be deemed weakly efficient, which

means the bank could reduce input x by the amount of s- but still could maintain

the original output level, or the bank can increase output y by the amount of s+ to

maintain a certain level of input.

(3) When θ﹤1，the bank is inefficient.
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θ is the technical efficiency score. Both slack variables s- and s+ could work as the

reference for excessive use of input or generate insufficient output which causes the

technical inefficiency of the bank. Slack variables s1, s2, s3 with the negative

superscript correspond to the input variables x1, x2, and x3. Slack variables s1, s2 with

positive superscript correspond to the output variables y1, y2.

Bank of China

The result in Table 5.2.1(a) shows the technical efficiency score (θ) for Bank of China

(BOC). Bank of China is technical efficient in all of the sample years (θ=1 and s- = s+

= 0), except for year 2003. BOC is DEA inefficient in 2003; the technical efficiency

score θ is equal to 0.9644 which is less than 1. The non-zero input slack variables are

1s
 ( interest expense) and 3s (deposit); the non-zero output slack variable is 2s

(non-interest income), which indicate that BOC should make two adjustments to its

inputs and one adjustment to its output. BOC should reduce the interest expense of

4358.3266 million of RMB, decrease the total deposit by 325515.7951 million RMB

and increase the non-interest income of 16682.2087 million RMB to achieve technical

efficiency
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Table 5.2.1 (a): Technical efficiency for Bank of China (input-oriented approach)

BOC
Input Slacks Output Slacks

Year θ 1s


2s 3s 1s


2s

1990 1 0 0 0 0 0
1991 1 0 0 0 0 0
1992 1 0 0 0 0 0
1993 1 0 0 0 0 0
1994 1 0 0 0 0 0
1995 1 0 0 0 0 0
1996 1 0 0 0 0 0
1997 1 0 0 0 0 0
1998 1 0 0 0 0 0
1999 1 0 0 0 0 0
2000 1 0 0 0 0 0
2001 1 0 0 0 0 0
2002 1 0 0 0 0 0
2003 0.9644 4358.3266 0 325515.7951 0 16682.2087
2004 1 0 0 0 0 0
2005 1 0 0 0 0 0
2006 1 0 0 0 0 0
2007 1 0 0 0 0 0
2008 1 0 0 0 0 0

Construction Bank of China

Table 5.2.1(b) shows the result of technical efficiency (θ) for Construction Bank of

China (CBC). Technical efficiency scores for Construction Bank of China are all

equal to 1 and all the input and output slacks are zero over the sample period (θ=1 and 

s- = s+ = 0), except for 1992. CBC is technical inefficient in 1992, where the technical

efficiency score θ is equal to 0.9986. The non-zero input slack variable is 1s


(interest expense) and the non-zero output slack variable is 2s (non-interest income),

which represent the two adjustments that BOC should make: (1) reduce the interest

expense by 1181.3913 million RMB, and (2) increase the non-interest income by

3388.7186 million RMB to achieve technical efficiency.
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Table 5.2.1 (b): Technical efficiency for Construction Bank of China
(input-oriented approach)

CBC
Input Slacks Output Slacks

Year Θ 1s


2s 3s 1s


2s

1990 1 0 0 0 0 0
1991 1 0 0 0 0 0
1992 0.9986 1181.3913 0 0 0 3388.7186
1993 1 0 0 0 0 0
1994 1 0 0 0 0 0
1995 1 0 0 0 0 0
1996 1 0 0 0 0 0
1997 1 0 0 0 0 0
1998 1 0 0 0 0 0
1999 1 0 0 0 0 0
2000 1 0 0 0 0 0
2001 1 0 0 0 0 0
2002 1 0 0 0 0 0
2003 1 0 0 0 0 0
2004 1 0 0 0 0 0
2005 1 0 0 0 0 0
2006 1 0 0 0 0 0
2007 1 0 0 0 0 0
2008 1 0 0 0 0 0

Industrial and Commercial Bank of China

Table 5.2.1(c) shows the result of technical efficiency for Industrial and Commercial

Bank of China (ICBC). ICBC is technical efficient (θ=1 and s- = s+ = 0) before 1998

and between 1999 and 2002, but ICBC is technical inefficient in:

(1) Year 1998 (θ=0.9983, 3s =183684.9084), ICBC should decrease the deposit by

183684.9084 million RMB. Although the efficiency score is quite high, but the

unicity adjustment that ICBC has to make is extremely large compare to the

changes it has to make for other inefficient years.
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(2) Year 2003 (θ=0.8924, 1s
 =539.1993, 2s =6119.6792, 2s =42157.8626), technical

inefficiency for ICBC is at the lowest level 0.8924. ICBC should decrease its

interest expense by 539.1993 million RMB, decrease the non-interest expense by

6119.6792 million RMB and increase the non-interest income by 42157.8626

million RMB to achieve technical efficient. The main reason that caused the

inefficiency in 2003 is from the output side, the non-interest income has to

increase by six times more than the decrease of total interest and non-interest

expense.

(3) Year 2006 (θ=0.9530, 1s
 =3066.6938, 2s =1990.8669), the technical efficiency

score has increased slightly compare to 2003, but lower than the efficient years of

2004 and 2005. ICBC need to decrease the interest expense by 3066.6938 million

RMB and increases the non-interest income by 1990.8669 million of RMB.

(4) Year 2007 (θ=0.9823, 3s =69395.4382, 2s =1168.0159), the efficiency score

increases after 2006, but ICBC needs to make two adjustment. ICBC needs to

reduce the deposit by 69395.4382 million RMB and increases the non-interest

income of 1168.0159 million RMB

Overall, the inefficiency occurs mainly between 2003 and 2007, but the efficiency

score shows a rising trend after 2003.
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Table 5.2.1 (c): Technical efficiency for Industrial and Commercial Bank of China
(input-oriented approach)

ICBC
Input Slacks Output Slacks

Year θ 1s


2s 3s 1s


2s

1990 1 0 0 0 0 0
1991 1 0 0 0 0 0
1992 1 0 0 0 0 0
1993 1 0 0 0 0 0
1994 1 0 0 0 0 0
1995 1 0 0 0 0 0
1996 1 0 0 0 0 0
1997 1 0 0 0 0 0
1998 0.9983 0 0 183684.9084 0 0
1999 1 0 0 0 0 0
2000 1 0 0 0 0 0
2001 1 0 0 0 0 0
2002 1 0 0 0 0 0
2003 0.8924 539.1993 6119.6792 0 0 42157.8626
2004 1 0 0 0 0 0
2005 1 0 0 0 0 0
2006 0.9530 3066.6938 0 0 0 1990.8669
2007 0.9823 0 0 69395.4382 0 1168.0159
2008 1 0 0 0 0 0

Agricultural Bank of China

Table 5.2.1(d) shows that the Agricultural Bank of China (ABC) is technical efficient

(θ=1 and s- = s+ = 0) before 2000. The technical efficiency for ABC starts to decline

from 2000 and reaches to the lowest level θ=0.7872 in 2003, but steadily increases 

after that. The inputs and outputs that affect the efficiency of the ABC for those

inefficiency years are:

(1) ABC is technical inefficient in 2000 and 2001, but the efficiency score is

relatively high (θ=0.9977 in 2000 and θ=0.9716 in 2001). The main adjustments 

that ABC should make in these two years is decrease the non-interest expense by
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7117.2885 million RMB in 2000 and reduce the non-interest expense by

1324.1245 million RMB in 2001.

(2) The lowest level of inefficiency is reported in 2003 and ABC should make three

changes; reduce the interest expense by 259.3661 million RMB, decrease the

non-interest expense by 3772.1961 million RMB and increase the non-interest

income by 13449.5319 million RMB. We can see that the main inefficiency is

from the output side, the adjustment of the insufficient non-interest income is

three times more than the change in non-interest expense that ABC should made.

(3) The technical efficiency in 2004 and 2005 are slightly higher than those in 2003

(θ=0.8469 in 2004 and θ=0.8103 in 2005). But compare to 2004 and 2005 alone, 

ABC is less technical efficient in 2005 than in 2004. ABC needs to make the same

adjustment in both 2004 and 2005, which is the interest expense. However, ABC

needs to decrease the interest expense by 2069.2898 million RMB in 2005, which

is more than twice of the amount that need to be reduced in 2004 (decrease

interest expense by 832.8932 million RMB).

(4) ABC is technical inefficient in 2008 (θ=0.9562) compare to 2006 and 2007. ABC 

needs to reduce its non-interest expense by 16739.8672 million RMB, decrease

the deposit by 56377.5085 million RMB and increase the non-interest income by

21499.2101 million RMB.

Overall, the inefficiency for ABC occurs mainly between 2000 and 2008. But the

efficiency score for ABC shows similar pattern as ICBC, where the efficiency score

shows a rising trend after 2003.
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Table 5.2.1 (d): Technical efficiency for Agricultural Bank of China
(input-oriented approach)

ABC
Input Slacks Output Slacks

Year Θ 1s


2s 3s 1s


2s

1990 1 0 0 0 0 0
1991 1 0 0 0 0 0
1992 1 0 0 0 0 0
1993 1 0 0 0 0 0
1994 1 0 0 0 0 0
1995 1 0 0 0 0 0
1996 1 0 0 0 0 0
1997 1 0 0 0 0 0
1998 1 0 0 0 0 0
1999 1 0 0 0 0 0
2000 0.9977 0 7117.2885 0 0 0
2001 0.9716 0 1324.1245 0 0 0
2002 1 0 0 0 0 0
2003 0.7872 259.3661 3772.1961 0 0 13449.5319
2004 0.8469 832.8932 0 0 0 0
2005 0.8103 2069.2898 0 0 0 0
2006 1 0 0 0 0 0
2007 1 0 0 0 0 0
2008 0.9562 0 16739.8672 56377.5085 0 21499.2101

Overall comparison

The overall technical efficiency score of the Big four state-owned bank from 1990 to

2008 using the inputs-oriented approach are shown in Table 5.2.1(e). We examine the

technical efficiency for the Big four banks respectively and the result shows that the

technical efficiency score is either “strongly efficient”or “inefficient”and the case of

“weakly efficient” is not found in the Big four state-owned banks in the sample

period.

Compare the efficiency score vertically, the technical efficiency between BOC and

CBC are more efficienct than ICBC and ABC, because both BOC and CBC are only

technical inefficient in one year over the whole sample period (BOC is inefficient in
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2003 and CBC is inefficiency in 1992). But the technical efficiency for ICBC and

ABC showed volatility in the sample period. ICBC is technical efficient from the

early 1990s until 1997 and became efficient after 1998 until 2002, but the technical

efficiency reached the lowest level in 2003. However, the efficiency improves and

shows a rising trend after 2003. The technical inefficiency of ABC fluctuates a lot

after 1999. The efficiency steadily decreases from 2000 and reaches to the lowest

level in 2003, but increases again from 2004 and also shows a rising trend similar to

ICBC. Looking at the efficiency score horizontally in each year, the Big four

state-owned banks are efficienct in 1990, 1991 and between 1993 to 1997. The result

shows that CBC is the only the efficient bank in 2003, while ABC is the most

inefficient bank in 2003.

On average, the technical efficiency of ABC is the lowest over the whole sample

period from 1990 to 2008, which is equal to 0.9642. However, when we compare the

technical efficieny among the Big four state-owned banks, the average efficiency

score of each state-owned bank over the sample period is above 0.9, which means the

efficiency levels of the Big four state-owned banks are very close to each other. It

demonstrates that the Big four state-owned banks are producing close to the efficiency

frontier, which is led by CBC and BOC (CBC has the highest average efficiency score

0.9999, followed by BOC with an efficiency score of 0.9981). This also explains why

Chinese government allows the BOC, CBC and ICBC to be listed on the stock

markets first, but kept ABC in its present form and listed few years later (Yao, Han &

Feng, 2008). The result is similar to Yao et al., (2008) where the average efficiency

score of the Big four state-owned commercial banks over the data period 1998-2005

from their study is 0.85, with the BOC and CBC as the leaders.
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Yao, Han and Feng (2008) argue that the relative high efficiency score in their study

is due exclusively to the deposits from the DEA model, and the relative

understatement of China’s Big four state-owned banks in some studies may have been

due to the inclusive of the deposit as an input variable. Because the stock of deposits

in the Big four state-owned banks are much more than any other types of banks in

China and the expenses of maintaining the deposits are low, which lead to low

efficiency score for the Big four state-owned banks. However, we obtain similar result

as Yao, Han and Feng (2008), but include deposits as one of the input variable in our

study. This implies that the inclusive of deposits as an input variable in the DEA

model may not be the reason why a low efficiency rating of the Big four state-owned

banks is obtained. The result in this study indicates that the technical efficiency of the

Big four state-owned banks was reasonably high over the period of 1990-2008.

In terms of time dimension, the overall technical efficiency of the Big four

state-owned banks decline first to the lowest level in 2003, but increased after 2003

and showed a rising trend. Our result is similar to what Wu and Zhao (2008) found

that ABC is the most inefficient bank among the Big four state-owned banks. But

their result only showed the technical efficiency for three years (2004, 2005 and 2006).

However, Wu and Zhao report that the technical efficiency has improved since

restructing, public listing and the establishment of commercial operation mechanism

of the Big four state-owned banks from 2004. This is consistent with our result where

the technical efficiency of each state-owned bank has improved and shows a rising

trend after 2003. Compare to Zhao, Zhou and Jiang’s (2001) result, a consistent result
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show that BOC and ICBC are all technical efficient each year from 1993 to 1997 in

both Zhao, Zhou and Jiang (2001) and this study.

Wang and Lan (2008) use DEA to measure the cost, allocation, technical, pure

technical and scale efficiency of 14 commercial banks in China from 1994 to 2006,

which include the Big four state-owned banks. They also find that the overall

technical efficiency of the Big four state-owned banks declines since the 1997 Asian

financial crisis and reaches to the lowest point in 2003.

Yang and Cao (2008) measure the technical efficiency of 11 commercial banks in

China from 1999 to 2006 using DEA model, which include three state-owned banks

(BOC, CBC and ICBC). They find that the overall technical efficiency of the three

state-owned banks appeared to decline first then showed a rising trend during the

sample period, especially the technical efficiency increased after 2003. The result in

this study also shows that the technical efficiency of BOC and ICBC reach the lowest

point in 2003 and then show a rising trend. But the difference between our study and

Yang and Cao (2008) is that BOC, CBC and ICBC are all technical efficient from

1999 to 2002.

The basic DEA model (both input-oriented and output-oriented approaches) can only

analyze the efficiency at a point of time and we can only briefly describe how the

efficiency changes for each bank in the sample period, but cannot tell which bank are

more efficient or inefficient than the other for each year, since the efficiency score for

those efficient banks are all equal to 1 (for example in 2003, the result shows the CBC
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is the most efficient bank, BOC ranked second and ABC is the most inefficient, but in

1990 the Big four state-owned banks are all efficient and cannot be ranked).

Table 5.2.1(e): Technical efficiency score of the Big four state-owned banks
(input-oriented approach)

Year BOC CBC ICBC ABC Average
1990 1 1 1 1 1
1991 1 1 1 1 1
1992 1 0.9986 1 1 0.9997
1993 1 1 1 1 1
1994 1 1 1 1 1
1995 1 1 1 1 1
1996 1 1 1 1 1
1997 1 1 1 1 1
1998 1 1 0.9983 1 0.9996
1999 1 1 1 1 1
2000 1 1 1 0.9977 0.9994
2001 1 1 1 0.9716 0.9928
2002 1 1 1 1 1
2003 0.9644 1 0.8924 0.7872 0.9072
2004 1 1 1 0.8469 0.9593
2005 1 1 1 0.8103 0.9488
2006 1 1 0.9530 1 0.9880
2007 1 1 0.9823 1 0.9955
2008 1 1 1 0.9562 0.9889

Average 0.9981 0.9999 0.9905 0.9642
Notes: The average results are using the geometric average.
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5.2.2 Output-oriented approach

The economic implications of the result for the output-oriented approach DEA model

are:

(1) When θ=1 and s- = s+ = 0, the bank would be deemed strongly efficient or simply

efficient (DEA-efficient), which means the bank has achieved it optimal output on

the basis of its original input level.

(2) When θ=1 and s- ≠  0 or s+ ≠  0, the bank would be deemed weakly efficient, which

means the bank could reduce input x by the amount s- but still could maintain the

original output level, or the bank still can increase the output y by the amount s+ to

maintain a certain level of input.

(3) When θ﹥1，the bank is inefficient.

θ and both slack variables s- and s+ have the same meaning as described in the

input-oriented approach.

Bank of China

Table 5.2.2(a) shows the technical efficiency score using the output-oriented approach

for Bank of China (BOC) from 1990 to 2008. Bank of China is technical efficient in

all of the sample years (θ=1 and s- = s+ = 0), except for 2003. BOC is DEA inefficient

in 2003, the technical efficiency score from the output-oriented approach θ is 1.0369 

which is greater than 1. The non-zero input slack variables are 1s
 ( interest expense)

and 3s (deposit); the non-zero output slack variable is 2s (non-interest income).

These mean BOC should make two adjustments to its inputs; reduce the interest

expense of 4519.0884 million of RMB, decrease the total deposit by 337522.8113

million of RMB; and make one adjustment to its output, which is to increase the

non-interest income of 17297.5507 million RMB to achieve technical efficiency.
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Table 5.2.2(a): Technical efficiency for Bank of China (output-oriented approach)

BOC
Input Slacks Output Slacks

Year θ 1s


2s 3s 1s


2s

1990 1 0 0 0 0 0
1991 1 0 0 0 0 0
1992 1 0 0 0 0 0
1993 1 0 0 0 0 0
1994 1 0 0 0 0 0
1995 1 0 0 0 0 0
1996 1 0 0 0 0 0
1997 1 0 0 0 0 0
1998 1 0 0 0 0 0
1999 1 0 0 0 0 0
2000 1 0 0 0 0 0
2001 1 0 0 0 0 0
2002 1 0 0 0 0 0
2003 1.0369 4519.0884 0 337522.8113 0 17297.5507
2004 1 0 0 0 0 0
2005 1 0 0 0 0 0
2006 1 0 0 0 0 0
2007 1 0 0 0 0 0
2008 1 0 0 0 0 0

Construction Bank of China

The technical efficiency score for Construction Bank of China from 1990 to 2008

using the output-oriented approach is shown in Table 5.2.2(b). Technical efficiency

scores for Construction Bank of China are similar to BOC, which are equal to 1 in

almost all years and all the input and output slacks are zero for those efficient years

(θ=1 and s- = s+ = 0), except for 1992. CBC is technical inefficient in 1992, where θ is 

1.0014 which is greater than 1. The non-zero input slack variable is 1s
 (interest

expense) and the non-zero output slack variable is 2s (non-interest income), which

represent the two adjustments that BOC should make: (1) reduces the interest expense
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by 1183.0402 million RMB, and (2) increases the non-interest income by 3393.4483

million RMB to achieve technical efficiency.

Table 5.2.2(b): Technical efficiency for Construction Bank of China
(output-oriented approach)

CBC
Input Slacks Output Slacks

Year θ 1s


2s 3s 1s


2s

1990 1 0 0 0 0 0
1991 1 0 0 0 0 0
1992 1.0014 1183.0402 0 0 0 3393.4483
1993 1 0 0 0 0 0
1994 1 0 0 0 0 0
1995 1 0 0 0 0 0
1996 1 0 0 0 0 0
1997 1 0 0 0 0 0
1998 1 0 0 0 0 0
1999 1 0 0 0 0 0
2000 1 0 0 0 0 0
2001 1 0 0 0 0 0
2002 1 0 0 0 0 0
2003 1 0 0 0 0 0
2004 1 0 0 0 0 0
2005 1 0 0 0 0 0
2006 1 0 0 0 0 0
2007 1 0 0 0 0 0
2008 1 0 0 0 0 0

Industrial and Commercial Bank of China

The result shows ICBC is technical efficient (θ=1 and s- = s+ = 0) before 1998 and

between 1999 and 2002 but ICBC is technical inefficient in following years (see

Table 5.2.2(c)):
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(1) Year 1998 (θ=1.0017, 3s = 184000.7980), ICBC should decrease its deposit by

184000.7980 million RMB. The efficiency score is very close to 1, but the

adjustment of deposit that ICBC has to make is extremely large compare to the

change it has to make for other inefficient years.

(2) Year 2003 (θ=1.1206, 1s
 =604.2033, 2s =6857.4467, 2s =47240.2695), technical

inefficiency for ICBC in the output-oriented approach is at the lowest level 1.1206.

ICBC should decrease its interest expense by 604.2033 million RMB, decrease the

non-interest expense by 6857.4467 million RMB and increase the non-interest

income by 47240.2695 million RMB to achieve technical efficiency. Compare the

result from the input-oriented approach, the main reason that causes the

inefficiency in 2003 is also from the output side, the non-interest income has to

increase by six times more than the decrease in total interest and non-interest

expenses.

(3) Year 2006 (θ=1.0494 1s
 =3218.0496, 2s =2089.1255), the technical efficiency

score has improved slightly compare to 2003, but lower than the efficient years

2004 and 2005. ICBC needs to decrease the interest expense by 3218.0496 million

RMB and increase the non-interest income by 2089.1255 million RMB.

(4) Year 2007 (θ=1.0180, 3s =70646.5307, 2s =1246.2498), the efficiency score

decreases again after 2006, which means more efficient than in 2006; but the two

adjustments that ICBC needs to make are more than those made in 2006. ICBC

needs to reduce the deposit by 70646.5307 million RMB and increases the

non-interest income of 1246.2498 million RMB.
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Similarly, the technical inefficiency mainly appears between 2003 and 2007. But the

efficiency score shows a rising trend after 2003, which shows similar results obtained

from the input-oriented approach.

Table 5.2.2(c): Technical efficiency for Industrial and Commercial Bank of China
(output-oriented approach)

ICBC
Input Slacks Output Slacks

Year θ 1s


2s 3s 1s


2s

1990 1 0 0 0 0 0
1991 1 0 0 0 0 0
1992 1 0 0 0 0 0
1993 1 0 0 0 0 0
1994 1 0 0 0 0 0
1995 1 0 0 0 0 0
1996 1 0 0 0 0 0
1997 1 0 0 0 0 0
1998 1.0017 0 0 184000.7980 0 0
1999 1 0 0 0 0 0
2000 1 0 0 0 0 0
2001 1 0 0 0 0 0
2002 1 0 0 0 0 0
2003 1.1206 604.2033 6857.4467 0 0 47240.2695
2004 1 0 0 0 0 0
2005 1 0 0 0 0 0
2006 1.0494 3218.0496 0 0 0 2089.1255
2007 1.0180 0 0 70646.5307 0 1246.2498
2008 1 0 0 0 0 0

Agricultural Bank of China

Table 5.2.2 (d) shows ABC is technical efficient (θ=1 and s- = s+ = 0) before 2000. The

technical efficiency for ABC starts to decline from 2000 and reaches the lowest level

θ=1.2704 in 2003, but steadily increases from 2004 to 2007. The inputs and outputs

that affect the efficiency of the ABC for those inefficient years are:
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(1) ABC is technical inefficient in 2000 and 2001 and the technical efficiency

decreases slightly in these two years (θ=1.0023 in 2000 and θ=1.0293 in 2001, a 

larger number means more inefficient). The only adjustment that ABC should

make is to decrease the non-interest expense by 7133.3536 million RMB in 2000

and reduces the non-interest expense by 1362.8694 million RMB in 2001.

(2) The lowest level of inefficiency in 2003(θ=1.2704) causes ABC to make three 

changes; reduce the interest expense by 329.4938 million RMB, decrease the

non-interest expense by 4792.1270 million RMB and increase the non-interest

income by 17086.0322 million RMB. The main inefficiency is from the output

side, the adjustment of the insufficient non-interest income is three times more

than the total change in interest and non-interest expense that ABC should make.

(3) The technical efficiency in 2004 and 2005 are slightly higher than those in 2003

(θ=1.1808 in 2004 and θ=1.2341 in 2005). But ABC is more technical efficient in 

2004 than in 2005. The only adjustment in the input resource in these two years is

the interest expense. However, ABC needs to decrease the interest expense by

2553.7554 million in 2005, which is more than twice the amount that ABC needs

to reduce in 2004 (decrease interest expense by 983.4824 million RMB).

(4) The technical inefficiency for ABC decreases again in 2008 (θ=1.0458) compare 

to 2006 and 2007. ABC needs to reduce its non-interest expense by 17505.8834

million RMB, decrease the deposit by 58957.3428 million RMB and increase the

non-interest income by 22483.0137 million RMB.
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The result from input-oriented approach also shows that the inefficiency for ABC

occurs mainly between 2000 and 2008 and the efficiency score for ABC shows

similar pattern as ICBC, where the efficiency score shows a rising trend after 2003.

Table 5.2.2(d): Technical efficiency for Agricultural Bank of China
(output-oriented approach)

ABC
Input Slacks Output Slacks

Year θ 1s


2s 3s 1s


2s

1990 1 0 0 0 0 0
1991 1 0 0 0 0 0
1992 1 0 0 0 0 0
1993 1 0 0 0 0 0
1994 1 0 0 0 0 0
1995 1 0 0 0 0 0
1996 1 0 0 0 0 0
1997 1 0 0 0 0 0
1998 1 0 0 0 0 0
1999 1 0 0 0 0 0
2000 1.0023 0 7133.3536 0 0 0
2001 1.0293 0 1362.8694 0 0 0
2002 1 0 0 0 0 0
2003 1.2704 329.4938 4792.1270 0 0 17086.0322
2004 1.1808 983.4824 0 0 0 0
2005 1.2341 2553.7554 0 0 0 0
2006 1 0 0 0 0 0
2007 1 0 0 0 0 0
2008 1.0458 0 17505.8834 58957.3428 0 22483.0137

Overall efficiency comparison

The overall technical efficiency score of the Big four state-owned bank for each year

from 1990 to 2008 using the outputs-oriented approach are shown in Table 5.2.2 (e).

The result from the output-oriented approach (see Table 5.2.2 (e)) supports the result

from input-oriented approach (see Table 5.2.1 (e)), which also shows that the



102

technical efficiency score for the Big four state-owned banks in the sample period is

either “strongly efficient” or “inefficient” and “weakly efficient” does not exist.

Morever, the result from the output-oriented approach for each bank shown in Table

5.2.2 (a)-(d) also confirm the result using the input-oriented approach, that all the

efficient and inefficient years and all the inputs and outputs resources that need to be

changed for the technical inefficiencies are similar in both approaches.

Table 5.2.2(e): Technical efficiency score of the Big four state-owned banks
(output-oriented approach)

Year BOC CBC ICBC ABC Average
1990 1 1 1 1 1
1991 1 1 1 1 1
1992 1 1.0014 1 1 1.0003
1993 1 1 1 1 1
1994 1 1 1 1 1
1995 1 1 1 1 1
1996 1 1 1 1 1
1997 1 1 1 1 1
1998 1 1 1.0017 1 1.0004
1999 1 1 1 1 1
2000 1 1 1 1.0023 1.0006
2001 1 1 1 1.0293 1.0072
2002 1 1 1 1 1
2003 1.0369 1 1.1206 1.2704 1.1022
2004 1 1 1 1.1808 1.0424
2005 1 1 1 1.2341 1.0540
2006 1 1 1.0494 1 1.0121
2007 1 1 1.0180 1 1.0045
2008 1 1 1 1.0458 1.0112

Average 1.0019 1.0001 1.0096 1.0371 1.0121
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5.3 Measure of Scale Efficiency

Banker, Charnes and Cooper (1984) expand the basic DEA model by changing the

assumption of constant returns to scale to variable returns to scale and brake down the

technical efficiency into pure technical efficiency and scale efficiency (Lin, Lee &

Chiu, 2009; Zhang, 2003). The DEA model under variable returns to scale can be

measured in two ways (the input-oriented and output-oriented approach), but the

result from the variable returns to scale in the DEA model shows the efficiency score

of pure technical efficiency for each bank. To calculate the scale efficiency, we need

to use the technical efficiency score from the original input-oriented (output-oriented)

CRS DEA model divided by the pure technical efficiency score from the

input-oriented (output-oriented) expand VRS DEA model. The next section discusses

the pure technical efficiency results from both input-oriented (output-oriented)

approaches VRS DEA model and compare the scale efficiency for the Big four

state-owned banks over the sample period.

5.3.1 Input-Oriented Approach

The economic implication of the results for the input-oriented approach VRS DEA

model is similar to the CRS DEA model used to measure the technical efficiency. In

the VRS DEA model we use  to indicate the pure technical efficiency score:

(1) When θ=1 and s- = s+ = 0, the bank would be deemed strongly efficient.

(2) When θ=1 and s- ≠  0 or s+ ≠  0, the bank would be deemed weakly efficient.

(3) When θ﹤1，the bank is inefficient.
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Table A2 to Table A5 (see appendix) show the pure technical efficiency score for each

of the Big four state-owned banks separately. Under the variables returns to scale

BOC, CBC and ICBC are strong efficient over the whole sample period from 1990 to

2008. ABC is efficient in most of the years, except for year 2003 and 2004 ( =0.8924

in 2003 and  =0.9278 in 2004). With variable returns to scale ABC has excessive

input, which needs to decrease the interest expense by 214.2021 million RMB,

decrease the non-interest expense by 8852.2521 million RMB and increase the

non-interest income by 432.2734 million RMB to achieve pure technical efficiency in

2003. However the efficiency has improved a little in 2004, but the inefficiency is

caused by insufficient output. The result shows that ABC should decrease the interest

expense by 45.8970 million RMB, increase interest income by 7934.6034 million

RMB and increase non-interest income by 21212.8924 million RMB.

Table 5.3.1 shows the scale efficiency score for the Big four state-owned banks

calculated by θ divided by . The scale efficiency scores for BOC, CBC and ICBC

from 1990 to 2008 are the same as their technical efficiency score in Table 5.2.1 (e),

due to the denominator  are all equal to 1 where BOC and CBC are scale efficient

in most of the sample period and more efficient than both ICBC and ABC (BOC is

only inefficient in 2003 and CBC is only inefficient in 1992). ICBC is scale inefficient

in 1998 and its scale efficiency fluctuates with a rising trend between 2003 to 2007.

ABC is scale efficient before 2000, but its scale efficiency fluctuates a lot from 2000

to 2008. ABC is scale inefficient in 2000, 2001 and from 2003 to 2005, which shows

a downtrend from 2000. Compare to its technical efficiency, the lowest level of scale

efficiency occurs in 2005 rather than the technical efficiency in 2003.
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Table 5.3.1: Scale efficiency score for the the Big four state-owned banks
1990-2008 (input-oriented approach)

Year BOC CBC ICBC ABC
1990 1 1 1 1
1991 1 1 1 1
1992 1 0.9986 1 1
1993 1 1 1 1
1994 1 1 1 1
1995 1 1 1 1
1996 1 1 1 1
1997 1 1 1 1
1998 1 1 0.9983 1
1999 1 1 1 1
2000 1 1 1 0.9977
2001 1 1 1 0.9716
2002 1 1 1 1
2003 0.9644 1 0.8924 0.8821
2004 1 1 1 0.9128
2005 1 1 1 0.8103
2006 1 1 0.9530 1
2007 1 1 0.9823 1
2008 1 1 1 0.9562

5.3.2 Output-Oriented Approach

The economic implication of the results for the output-oriented approach VRS DEA

model are:

(1) When θ=1 and s- = s+ = 0, the bank would be deemed strongly efficient.

(2) When θ=1 and s- ≠  0 or s+ ≠  0, the bank would be deemed weakly efficient.

(3) When θ﹥1，the bank is inefficient.

The results from the output-oriented approach VRS DEA model confirm the result

from the input-oriented approach. Table A6 to Table A9 (see appendix) show that

BOC, CBC and ICBC are strong efficient (pure technical efficiency) over the whole
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sample period 1990 to 2008, and ABC is efficient in most of the years, except for the

year 2003 and 2004 ( =1.2425 in 2003 and  =1.1723 in 2004). However, ABC is

more efficient in 2004 than 2003. With the output-oriented approach, ABC does not

seem to maximize its output with a certain level of input. Because the non-interest

income that ABC needs to be increased in 2003 is 13997.5211 million RMB, which is

much more than the amount it should increase compared to the input-oriented

approach (432.2734 million RMB).

Table 5.3.2 shows the scale efficiency scores for the Big four state-owned banks,

which are consistent with the results from the input-oriented approach. The scale

efficiency scores for BOC, CBC and ICBC from 1990 to 2008 are the same as the

technical efficiency score from Table 5.2.2(e), due to the denominator  are all

equal to 1. The results further show BOC and CBC are scale efficienct in most of the

sample period and more efficienct than both ICBC and ABC (BOC is only inefficient

in 2003 and CBC is only inefficient in 1992). The scale efficiency for ABC shows a

downward trend from 2000 and the lowest level of its scale efficiency occurs in 2005

compared to the technical efficiency in 2003, which is also consistent with the results

in the input-oriented approach.
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Table 5.3.2: Scale efficiency score for the Big four state-owned banks 1990-2008
(output-oriented approach)

Year BOC CBC ICBC ABC
1990 1 1 1 1
1991 1 1 1 1
1992 1 1.0014 1 1
1993 1 1 1 1
1994 1 1 1 1
1995 1 1 1 1
1996 1 1 1 1
1997 1 1 1 1
1998 1 1 1.0017 1
1999 1 1 1 1
2000 1 1 1 1.0023
2001 1 1 1 1.0293
2002 1 1 1 1
2003 1.0369 1 1.1206 1.0224
2004 1 1 1 1.0072
2005 1 1 1 1.2341
2006 1 1 1.0494 1
2007 1 1 1.0180 1
2008 1 1 1 1.0458

5.4 Ranking the Big Four Sate-Owned Banks

The main drawback of the basic DEA model which we use to measure the technical

and scale efficiency is the DMUs that are deemed to be efficient have the same

efficiency score 1. We rank the Big four state-owned banks with their technical

efficiency using the super-efficiency DEA model. The super-efficiency DEA model is

developed under two conditions: (1) the DEA frontier exhibits constant returns to

scale and (2) all inputs or outputs are simultaneously changed in the same proportion

(Yao, 2004. pp.213). Both input-oriented and output-oriented approaches are used to

rank the Big four state-owned banks.
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5.4.1 Input-Oriented Approach

Table 5.4.1 shows the input-oriented CRS super-efficiency score of the Big four

state-owned banks. The results from the input-oriented approach super-efficiency are

as follow:

(1) The efficiency score is the same as the results from input-oriented CRS DEA

model (in Table 5.2.1 (e)) for the inefficient banks (efficiency score is less than 1).

(2) A super-efficiency score greater than 1 implies the bank is super-efficient.

For example, in 1992 ABC has an efficiency score of 16.3845 which is ranked as

number one in terms of super-efficiency. Next is BOC, with a super-efficiency score

of 2.3768, followed by ICBC with a score of 1.3571, CBC has a score of 0.9986

which means the bank is inefficient and is rank as number 4. In fact, the greater the

super-efficiency scores the more efficient the bank (Khodabakhshi, Asgharian &

Gregoriou, 2010).

Before 1994, several joint-stock commercial banks (JSCB), rural credit cooperatives

(RCCs), urban credit cooperatives (UCCs) and People’s insurance company of China

were set up to diversify the financial institutions and enhance the competition of the

whole banking system, but the Big four state-owned banks still dominate the banking

system in China. The result shows that BOC seems to be the most efficient bank

before 1994, which rank number one in the early 1990s, but its efficiency steadily

decreases in 1992 and 1993. The efficiency level of ABC is not low (on average ABC

rank number two) before the Chinese government start to commercialize the banking

system from 1994. On average ICBC is rank number 3 from 1990 to 1992, followed

by CBC which is ranked fourth.
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The ranking result changed from 1994. In 1994, the government reformed the foreign

exchange management system; the specialized operation scope of foreign exchange of

BOC was stripped off to the State Administration of foreign Exchange, but the

efficiency of BOC decreased compared to the period before 1994 and on average it

ranked number two from 1994 to 1996. Since the Big four state-owned banks became

full service commercial banks and allowed to operate according to market rules in

1994, the technical efficiency of ICBC between 1994 and 1997 has shown markedly

improvement and became the most efficient bank (ICBC was ranked 3 before 1994).

The policy leading function of ABC was transferred to the ADBC in 1994 and the

commercialization of the banking system in China did not improve the efficiency of

ABC. On average the efficiency of ABC has decrease and ranked number 3 from

1994 to 1997. CBC is still the most inefficient bank among the Big four state-owned

banks from 1994 to 1996 (rank number 4).

In 1998, the Ministry of Finance issued RMB 2700 billion treasury bonds to

supplement state owned banks’capital and four state assets management companies in

1999 to strip off the non-performing loans (NPLs) of RMB 1.4 trillion. These have

some effects on the efficiency of the Big four state-owned banks. The technical

efficiency of BOC decreased from number 2 ranking to number 4 in 1997, but its

efficiency improves from 1998 and rank number 3 in 1998 and number two in 2000

and 2001. However, the efficiency of ICBC reduces in 1998 and 1999 (rank 4 in 1998

and rank 3 in 1999), but become to the most efficient bank among the Big four

state-owned banks in 2000 and 2001. After 1997, the technical efficiency of CBC

improves in 1998 and 1999 (rank number 2 in 1998 and 1999) compare to the
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technical efficiency before 1997 (rank number 4 before 1997), but decrease to number

3 in 2000 and 2001. ABC becomes the more inefficient bank compare to the other Big

three state-owned banks, which rank number 4 from 1999 to 2001.

Since 2003, BOC, CBC and ICBC were restructured into joint-stock enterprises. In

2003 the government injected $45 billion into CBC and BOC, where the efficiency of

BOC has increased (rank number 2 in 2003, but rank number 1 in 2004 and 2005).

The efficiency of CBC also increased (rank number one in 2003) after the second

round of bail out, but only lasted a short time (rank number 2 in 2004 and number 3 in

2005). The efficiency decreased after the ICBC were restructured into joint-stock

enterprises in 2003, which rank number 3 in 2003 and 2004, but increases its ranking

to number two after the government injection of $15 billion into ICBC in 2005. ABC

still ranks number 4 from 2003 to 2005.

Both BOC and ICBC are listed in the stock exchange in 2006 and CBC completed

its listing in 2007. Compare the technical efficiency between the Big four state-owned

banks, ABC ranks number 1 in 2006 and 2007, followed by CBC number 2, BOC

number 3 and ICBC number 4 in those two years. The global financial crisis affected

China’s economic in 2008. From the technical efficiency result in Table 5.2.1(e), the

global financial crisis has minimal influence on the technical efficiency of the Big

four state-owned banks. ABC is the only inefficient bank in 2008. However, the

ranking between the Big four state-owned banks has changed. BOC is the most

efficient bank, followed by ICBC (rank number 2), CBC (rank number 3) and ABC

rank number 4.
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Table 5.4.1: Super-efficiency score and ranking for the Big four state-owned
banks (input-oriented)

1990 1991 1992 1993 1994

eff.sco rank eff.sco rank eff.sco rank eff.sco rank eff.sco rank

BOC 3.1603 1 4.6901 1 2.3768 2 1.7244 3 4.3480 2

CBC 1.2158 4 1.0572 4 0.9986 4 3.8813 1 1.0019 4

ICBC 1.2249 3 1.2107 3 1.3571 3 1.0757 4 5.6771 1

ABC 2.5822 2 2.0646 2 16.3845 1 2.6383 2 1.5764 3

1995 1996 1997 1998 1999

eff.sco rank eff.sco rank eff.sco rank eff.sco rank eff.sco rank

BOC 3.7284 2 1.8227 2 1.0322 4 1.2622 3 1.3526 1

CBC 1.0177 4 1.0821 4 4.5278 2 1.2626 2 1.0778 2

ICBC 6.2398 1 7.8514 1 8.9860 1 0.9983 4 1.0541 3

ABC 1.0919 3 1.0991 3 2.0065 3 1.2857 1 1.0185 4

2000 2001 2002 2003 2004

eff.sco rank eff.sco rank eff.sco rank eff.sco rank eff.sco rank

BOC 1.2559 2 1.3304 2 1.2935 1 0.9644 2 2.6128 1

CBC 1.1973 3 1.1282 3 1.2446 2 2.5755 1 2.2213 2

ICBC 3.0838 1 3.1100 1 1.0155 4 0.8924 3 1.0486 3

ABC 0.9977 4 0.9716 4 1.2372 3 0.7872 4 0.8469 4

2005 2006 2007 2008

eff.sco rank eff.sco rank eff.sco rank eff.sco rank

BOC 1.8358 1 1.1245 3 1.0500 3 1.8758 1

CBC 1.2771 3 1.1521 2 1.1743 2 1.1031 3

ICBC 1.5332 2 0.9530 4 0.9823 4 1.1092 2

ABC 0.8103 4 2.4844 1 2.3556 1 0.9562 4

5.4.2 Output-Oriented Approach

Table 5.4.2 show the output-oriented CRS super-efficiency score of the Big four

state-owned banks. The results are as follow:

(3) The efficiency score is the same as the results from output-oriented CRS DEA

model (see Table 5.2.2 (e)) for the inefficient banks (efficiency score is greater
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than 1).

(4) A super-efficiency score less than 1 implies the bank is super-efficient.

For example, in 1992 ABC has an efficiency score of 0.0610 which ranked it as

number one in terms of super-efficiency. Next is BOC, with a super-efficiency score

of 0.4207, followed by ICBC with a score of 0.7369. CBC has a score of 1.0014

which means the bank is inefficient and rank as number 4. In fact, the smaller the

output-oriented super-efficiency scores the more efficient the bank. The results from

the output-oriented super-efficiency model support the results from the input-oriented

super-efficiency model. The ranking of the Big four state-owned banks from 1990 to

2008 are similar to the input-oriented approach.
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Table 5.4.2: Super-efficiency score and ranking for the Big four state-owned
banks (output-oriented approach)

1990 1991 1992 1993 1994
eff.sco rank eff.sco rank eff.sco rank eff.sco rank eff.sco rank

BOC 0.3165 1 0.2132 1 0.4207 2 0.5799 3 0.2300 2
CBC 0.8225 4 0.9459 4 1.0014 4 0.2576 1 0.9981 4
ICBC 0.8164 3 0.8260 3 0.7369 3 0.9296 4 0.1761 1
ABC 0.3873 2 0.4844 2 0.0610 1 0.3790 2 0.6344 3

1995 1996 1997 1998 1999
eff.sco rank eff.sco rank eff.sco rank eff.sco rank eff.sco rank

BOC 0.2682 2 0.5486 2 0.9688 4 0.7923 3 0.7393 1
CBC 0.9826 4 0.9241 4 0.2209 2 0.7920 2 0.9278 2
ICBC 0.1603 1 0.1274 1 0.1113 1 1.0017 4 0.9487 3
ABC 0.9158 3 0.9098 3 0.4984 3 0.7778 1 0.9818 4

2000 2001 2002 2003 2004
eff.sco rank eff.sco rank eff.sco rank eff.sco rank eff.sco rank

BOC 0.7963 2 0.7516 2 0.7731 1 1.0369 2 0.3827 1
CBC 0.8352 3 0.8863 3 0.8035 2 0.3883 1 0.4502 2
ICBC 0.3243 1 0.3215 1 0.9847 4 1.1206 3 0.9537 3
ABC 1.0023 4 1.0293 4 0.8083 3 1.2704 4 1.1808 4

2005 2006 2007 2008
eff.sco rank eff.sco rank eff.sco rank eff.sco rank

BOC 0.5447 1 0.8893 3 0.9524 3 0.5331 1
CBC 0.7830 3 0.8680 2 0.8516 2 0.9066 3
ICBC 0.6522 2 1.0494 4 1.0180 4 0.9015 2
ABC 1.2341 4 0.4025 1 0.4245 1 1.0458 4

5.5 Malmquist Index

A DEA-based Malmquist index developed by Fara et al. (1994) measures the

productivity change over time, and it has been used frequently to measure the

productivity change in different industries. The advantage of using the Malmquist

index is that it can decompose into two components, the efficiency change and the
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technological change. An important issue that has to be addressed while measuring

productivity change using Malmquist index is the returns to scale properties of the

technology in use (Rajesh & Duraisamy, n.d). Because the Malmquist index

estimation provides inaccurate measure of productivity change based on the

assumption of variable returns to scale and may not properly reflect the productivity

gains or losses resulting from scale effects (Grifell-Tatjéand Lovell 1995). Hence, we

use the constant returns to scale Malmquist index to measure the productivity change

of the Big four state-owned banks in this study. As the Malmquist index is computed

under the assumption of constant returns to scale, hence the results are the same in

both input and output-oriented approaches (Thanassoulis, 2001).

The meaning of the Malmquist productivity index value is as follows:

Malmquist productivity index ＞1, then productivity has increased.

Malmquist productivity index ＜1, then the productivity has decline.

Malmquist productivity index = 1, the productivity is unchanged.

The efficiency change and the technological change may move opposite (for instance,

the value of efficiency change is greater than one and the technological change is less

than one) because the product of these two components must by definition equal to

the Malmquist productivity index (Rajesh & Duraisamy, 2008).

The results of the Malmquist productivity index and its components (efficiency

change and technological change) of the Big four state-owned banks for the period

1990-1991 to 2007-2008 are shown in Table A10 to Table A13 (see appendix). To see

how the productivity, efficiency and technological changes of the Big four

state-owned banks, we divide the whole sample period into four periods, 1990-1991
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to 1994-1995, 1995-1996 to 1999-2000, 2000-2001 to 2004-2005 and 2005-2006 to

2007-2008. Table 5.5 summarizes the result of the changes of the Malmquist

productivity index and its components of the Big four state-owned banks. The results

of the four periods for each bank are calculated by the geometric average of the

annual estimates every five years (for example the Malmquist productivity index of

1990-1995 for BOC is the geometric average of the annual estimation for the five

years period of 1990-91, 1991-92, 1992-93, 1993-94 and 1994-95 in Table A10).

The first period 1990-1995 includes the year where the Big four state owned banks

become full service commercial banks in 1994. The result in Table 5.4 shows that the

average productivity of BOC, ICBC and ABC increased during this period. ICBC

exhibited the highest average increase in productivity of 11.87%4, followed by BOC

of 8.86% and ABC of 1.37%. In contrast, the average productivity of CBC decreased

by 3.09%. The results of the Malmquist productivity index and its components

(efficiency change and technological change) are also reported in Table 5.5. The result

shows that technological changes have been the main contributor to the productivity

changes for BOC, ICBC and ABC in the period 1990-1995. This is because the

average technological changes of the three state owned banks exhibit the same

average productivity changes, while the average efficiency change is zero (the average

value of efficiency change equal to 1 means unchanged)5. However, technological

regression has been the main barrier to achieve high level of productivity for CBC in

the same period. This suggests that, BOC, ICBC and ABC achieved positive

technological growth during the period of fully commercialization of the state-owned

4 The increase/decrease percentage is calculated by: (the value of the index–1)*100%
5 This is because the Malmquist productivity index = (technological change * efficiency change),
the value of efficiency change = 1, then the productivity changes are fully contributed by the
technological changes
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banks, except for CBC.

Second period 1995-2000 includes the event of the 1997 Asian financial crisis. The

result shows that the average productivity changes for the Big four state-owned banks

decreased (BOC decreased by 4.16%, CBC decreased by 12.38%, ICBC decreased by

21.97% and ABC decreased by 6.78%). The technological regression has been the

main reason that caused the low level of productivity in BOC, CBC and ICBC,

because the efficiency change is zero (value are all equal to 1). However, the decline

in ABC average productivity is caused by both decrease in average efficiency change

and technological change, but the decrease in the average efficiency change is 0.05%,

which is less than the decrease in the average technological change of 6.74%. The

result suggests that the 1997 Asian financial crises may have a negative effect on the

average productivity change of the Big four state-owned banks. The Ministry of

Finance issued RMB 2700 billion treasury bonds to supplement the Big four

state-owned banks’capital in 1998 (Zhang, 2003) and the establishment of the four

state assets management companies in 1999 to strip off the non-performing loans

(NPLs) of RMB 1.4 trillion from the Big four state-owned banks. However, such

action does not seem to have positive influence in the productivity change over the

period 1995-2000.

Third period 2000-2005 includes the event of China ascension to the WTO in 2001

and since 2003, BOC, CBC and ICBC were restructured into joint-stock enterprises

followed by a second round of bail out from the central government. The results

showed that BOC and CBC average productivity increased between 2000-2005 due to

the technological improvement (BOC increased by 4.79% and CBC increased by
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15.49%), but the decrease in the average productivity of ICBC (ICBC decreased by

5.58%) stemmed mainly from the decreased in the average technological change.

Moreover, ABC registered a decline in the productivity though it has an increase in

technological change (increased by 3.64%), but the efficiency regresses to negative

rate (efficiency change decreased by 4.08%).

The last period 2005-2008 includes the effect of the America financial crisis on

Chinese economic in 2008. The result shows a decline in productivity for BOC and

ICBC (BOC decreased by 3.51% and ICBC decreased by 5.02%) due to the decline in

technological change; but an improvement in productivity for CBC and ABC (CBC

increased by 1.78% and ABC increased by 1.54%). However, the improvement in

productivity of CBC is caused by the technological change. In contrast, the

improvement in productivity of ABC is caused by the efficiency change (increased by

5.68%) rather than technological change (decreased by 3.91%)

The result for the whole sample period 1990-2008 shows that BOC is the only bank

showing productivity improvement (increased by 1.90%) through technological

change. The productivity of CBC, ICBC and ABC all declined over the whole sample

period (CBC decreased by 0.25%, ICBC decreased by 6.04% and ABC decreased by

1.47%). However, the decline in the technological change has been the main barrier to

achieving the productivity improvement for CBC and ICBC. For ABC, both

efficiency change and technological change declined over the whole sample period,

but the declined in technological change (decrease 1.23%) is the main reason rather

than the regression in efficiency change (decrease 0.25%) to prevent ABC achieving

the productivity improvement.
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The mean value of the Big four state-owned banks for the four periods shows that the

banks experienced productivity improvement at the beginning of the

commercialization period 1990-1995 (on average increased by 4.75%), but decreased

during the period 1995-2000 which includes the 1997 Asian financial crisis (on

average decreased by 11.33%) due to the declined in technological (technological

change decreased by 11.32%). However, the productivity of the Big four state-owned

banks improved during China’s accession to the WTO and the restructuring of BOC,

CBC and ICBC (2000-2005), mainly through the improvement of technological

(increased by 4.58%) rather than efficiency change (decreased by 1.02%). This

implies that China’s WTO accession and restructuring of the Big four state-owned

banks have been a powerful impetus to the efficiency improvement in the Chinese

banking system. But the productivity decline again in the last period 2005-2008,

which suggests that the American financial crisis does has some negative impact on

the Chinese banking system, even though two of the Big four state-owned banks

exhibit productivity improvement (CBC and ABC).
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Table 5.5: Changes of the Malmquist productivity index and its components of the
Big four state-owned banks

Summerise table of the Malmquist index

BOC CBC ICBC ABC Average
Malmquist productivity Index

1990-1995 1.0886 0.9691 1.1187 1.0137 1.0475
1995-2000 0.9584 0.8762 0.7803 0.9322 0.8867
2000-2005 1.0479 1.1549 0.9442 0.9941 1.0353
2005-2008 0.9649 1.0178 0.9498 1.0154 0.9870
1990-2008 1.0190 0.9975 0.9396 0.9853 0.9853

Efficiency Change
1990-1995 1.0000 1.0000 1.0000 1.0000 1.0000
1995-2000 1.0000 1.0000 1.0000 0.9995 0.9999
2000-2005 1.0000 1.0000 1.0000 0.9592 0.9898
2005-2008 1.0000 1.0000 1.0000 1.0568 1.0142
1990-2008 1.0000 1.0000 1.0000 0.9975 0.9994

Technological Change
1990-1995 1.0886 0.9691 1.1187 1.0137 1.0475
1995-2000 0.9584 0.8762 0.7803 0.9326 0.8868
2000-2005 1.0479 1.1549 0.9442 1.0364 1.0458
2005-2008 0.9649 1.0178 0.9498 0.9609 0.9733
1990-2008 1.0190 0.9975 0.9396 0.9877 0.9860

Notes: The results are geometric average of the annual estimates.

5.6 Conclusion

This chapter discusses the results of this study obtained from the DEA,

super-efficiency DEA model and Malmquist index to answer the objectives of this

research. From the results, we can conclude that the technical and scale efficiency of

the Big four state-owned banks are not low and the result from the Malmquist index

indicates that the Big four state-owned banks have reacted positively over the

ownership reform period 1990-2008.
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For technical efficiency, we obtained consistent results from both the

input/output-oriented approach DEA model, which show that on average the technical

efficiency scores of the Big four state-owned banks are above 0.9 and are very close

to the efficiency frontier over the whole sample period 1990 to 2008. This confirms

the finding of Yao, Han and Feng (2008). Our result is similar to Wu and Zhao (2008)

result that ABC is the most inefficient bank among the Big four state-owned banks. In

addition, our result is also consistent with Wang and Lan (2008), Yang and Cao (2008)

and Wu and Zhao’s (2008) findings where the overall technical efficiency of the Big

four state-owned banks declined first to the lowest level in 2003, but increased after

2003 with a rising trend.

In terms of scale efficiency, the change of scale efficiency for the Big four

state-owned banks are similar to their technical efficiency changes, which imply that,

to a great extent, the years of technical inefficiency for the Big four state-owned banks

is mainly due to the scale inefficiency. BOC, CBC and ABC exhibit an increasing

return to scale in those inefficient years which implies these three state-owned banks

should enlarge their scale size. ICBC should reduce its operation due to the decreasing

return to scale.

Super-efficiency DEA model is used in order to rank the Big four state-owned banks.

The result implies that Chinese banking system reform actually has significant

influence on the technical efficiency of the Big four state-owned banks. Overall, BOC

and ICBC seem to improve their technical efficiency better than CBC and ABC. The

result supports Yao, Han and Feng’s (2008) finding.
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The results from the Malmquist index shows that the Big four state-owned banks

experienced productivity improvement mainly through the improvement of

technological rather than efficiency change at the beginning of the commercialization

period 1990-1995 and the period of China’s accession to WTO (2000-2005), which

confirm the findings of Zhang and Wu (2005) and Yao, Han and Feng (2008). But the

Asia financial crisis and American financial crisis have negative impact on Chinese

banking system in the periods 1995-2000 and 2005-2008. Compare to the productivity

improvement among the Big four state-owned banks, the result shows that BOC is the

only bank showing productivity improvement through technological change over the

whole sample period.
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Chapter 6

Summary and Conclusions

6.1 Introduction

This chapter summarizes the findings of the study on the efficiency of the Big four

state-owned banks. Section 6.2 describes an overview of the study. Section 6.3

discusses the empirical result and relevant implications for the study. Conclusion of

this study is represented in Section 6.4 and policy implication from the research

results is discussed in Section 6.5. Section 6.6 discusses the limitations of the study

and Section 6.7 provides some recommendations for future research.

6.2 Overview of the Study

Bank performance has increased attention of researchers over the past several years,

mainly due to commercial banks become more international, disintermediation,

concentrated and contestable in the financial market in providing services to foreign

enterprises, businesses and individuals. Most of the studies evaluated bank

performance in Western developed and developing countries, such as the U.S. (Berger

and DeYoung, 2001; Berger & Mester, 2003; Clark & Siems, 2002; Färe, Grosskopf,

& Weber, 2004; Rogers, 1998), Canada (Paradi & Schaffnit, 2004), European

countries (Bos & Schmiedel, 2003; Casu & Molyneux, 2003), Turkey (Isik & Hassan,

2003; Patti & Hardy, 2005), Pakistan (Patti & Hardy, 2005; Burki & Ahmad, 2010).

In general, deregulation, privatization, merger and acquisition, foreign bank entry has

been researched most in regards to bank efficiency (Kumbhakar & Vivas, 2005; Altunbas
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& Marques, 2008; Casu & Girardone, 2010). These are the main strategies used by

government in different countries in order to increase the competitiveness and

efficiency of their financial sector. However the results are mixed, for example

deregulation improves bank efficiency in some developed countries, such as Spain

(Vivas, 1997; Kumbhakar & Lozano-Vivas, 2005) and Australia (Sturm & Williams,

2004). However, Bauer, Berger and Humphrey (1993) conclude that bank efficiency is

relatively unchanged by the deregulation in the early 1980s in the U.S banking system,

which is similar to Amoako-Adu and Smith’s (1995) findings in the Canadian banking

system. Grabowski, Rangan and Rezvanian (1994) measure the efficiency for 669 U.S.

banks and compare the efficiency before (1979) and after (1983, 1987) deregulation

and their finding rejects the hypothesis of deregulation has a favorable effect on bank

efficiency. DeYoung (1997) uses the cost frontier method to estimate the efficiency of

348 mergers, but only a small number of mergers showed efficiency improvement.

Berger (1997) estimates the cost efficiency of U.S. banks after bank mergers in the

1990s and finds little effect of bank mergers on cost efficiency in the U.S. However,

some studies showed bank mergers have positive effect on efficiency improvement

(Berger, 1997; Berger & Humphrey, 1997; Cybo-Ottone & Murgia, 2000; Altunbas &

Marques, 2008)

For developing and emerging nations, some studies show a positive relationship

between financial deregulation and bank efficiency in the Asian market before the

Asia financial crisis in 1997. For example, Gilber and Wilson (1998) find banks in

Korean yield large gain in productivity over the period of deregulation. Leightner and

Lovell (1998) show a similar finding for Thailand banks for the period 1989-1994

where financial liberalization increases the competitiveness of banks in Thailand,
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hence leads to a rapid growth in total factor productivity and profitability. On the

contrary, some studies argue that financial liberalization has adverse impact on banks

efficiency (William & Intarachote, 2002; Okuda & Mieno, 1999; Okuda, Hashimoto

and Murakami, 2002). For instance, William and Intarachote (2002) argue that the

profit efficiency of banks in Thailand decrease at an increasing rate over the period of

1990-1997. Okuda and Mieno (1999) also find the financial liberalization increases

the inefficiency in Thai banking system over the period 1985-1994. However, Hunter

and Yang (2001) find no significant impact of deregulation on private banks efficiency

in Korea.

Most empirical researches have generally found improvement in bank efficiency in

post-privatization period (Mercan et al., 2003; Gilber & Wilson, 1998; Demir,

Mahmud & Babuscu, 2005; Burki & Ahmad, 2010; Hasan & Marton, 2003; Boubakri

et al. 2005; Meggonson, 2005). Gilber and Wilson (1998) point out the privatization

enhance the productivity of Korean banks. Demir, Mahmud and Babuscu (2005) find

that privatization of the state-owned banks can improve the overall efficiency of the

commercial banks in Turkey. Moreover, some empirical researches found

improvement in bank efficiency after foreign bank entry. (Hasan & Marton, 2003;

Bonin, Hasan & Wachtel, 2005; Staub, Souza & Tabak, 2010). For example, Bonin,

Hasan and Wachtel (2005) investigate the impact of foreigner ownership on bank

efficiency for eleven transition countries (the Czech Republic, Hungary, Poland,

Slovakia, Bulgaria, Croatia, Romania, Slovenia, Estonia, Latvia, and Lithuania) and

conclude that foreign-owned banks are more cost efficiency than banks with other

ownership due to the better service and have strategic foreign owners. Similarly,

Hasan and Marton (2003) find that banks with greater foreign ownership and foreign
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banks are more efficient than domestic banks in Hungary.

In regards to China’s banking system, the Chinese banking industry is dominated by

the Big four state-owned banks and there is relatively limited research examining

bank efficiency. The existing Chinese literatures focus on the bank ownership reform

and bank efficiency change between different types of banks in China. The results

from the Chinese banking literatures are quite consistent, where reform in the banking

system does increase competition and improve bank’s efficiency. In general,

joint-stock banks and foreign banks are more efficient than the Big four state-owned

banks (Liu, Zhang & Shin, 2007; Can & Ariff, 2008; Zhang, 2003; Zhang & Wu,

2005). To gain a better understanding of the efficiency of the Big four state-owned

banks over the reform period in China, this study attempts to investigate the technical,

scale efficiency and productivity change of the Big four state-owned banks using data

envelopment analysis and the Malmquist index.

There are three research objectives in this study. Research objective One estimates the

technical and scale efficiency of the Big four state-owned bank over the sample period

1999 to 2008, using both input-oriented and output-oriented approach in the DEA

model. In addition, to investigate to what extent the inefficiency resources have been

exploited for the Big four state-owned banks relate to their technical efficiency.

Research objective Two used the super-efficiency DEA model to rank the Big four

state-owned bank in order of their technical efficiency. Research objective Three

examines the productivity change over time of the Big four state-owned banks.

The annual sample data of the Big four state-owned banks was obtained from
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different editions of Almanac of China’s Finance and Banking for the period 1990

through 2008. The input variables are interest expense, non-interest expense and total

deposits. The output variables include interest income and non-interest income.

Interest income and interest expense are obtained directly from the income statement

of each banks in the Almanac of China’s Finance and Banking. The total deposits

include the deposits from customers (short-term and long-term deposits, and

short-term and long-term saving deposits), deposits from enterprises, and deposits

from other banks and financial institutions. Non-interest income is calculated by

adding up the fee and commission income, investment income, income from foreign

exchange and income from other businesses. The total non-interest expense is

obtained from the sum of fee and commission expense, business tax and annex,

operation and administrative expense, loss from asset devaluation and expense from

other businesses.

6.3 Research Results and Implications

6.3.1 Results and Implications for Objective One

Technical efficiency

We obtained consistent results from both the input/output-oriented approach DEA

model for the technical efficiency of the Big four state-owned banks. Compare to the

technical efficiency score vertically over the whole sample period from 1990 to 2008,

our results show that the average technical efficiency scores of the Big four

state-owned banks are above 0.9 and very close to each other. Therefore, the results

suggest that the on average, technical efficiency of the Big four state-owned banks are

not low over the period 1990-2008, which is consistent with Yao, Han and Feng’s

(2008) finding. The reasons may due to:
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1. The Big four state-owned banks dominates almost 90% of the total assets in

domestic financial market and have over 70% of the total deposit and loans of the

financial market in China (Zhao & Jiang, 2001). They are the oligopoly in Chinese

banking system .

2. The oligopoly position of the Big four state-owned banks in China is due to the

implicitly guarantee on deposits and are always under the protection, support and

intervention of the Chinese government since their establishment.

3. The Big four state-owned banks are the only financial institutions that have

branches in almost all locations in China, which can accelerate the technical

improvement of computer network in the banking system and expand the

application of the products and services in Credit card, ATM and internet banking

system quickly.

In addition, the technical efficiency of ABC is the lowest over the whole sample

period from 1990 to 2008, which is equal to 0.9642. The other Big three state-owned

banks (BOC, CBC and ICBC) have technical efficiecy scores above 0.99. This

demonstrates that the Big four state-owned banks are producing close to the efficiency

frontier, which is led by CBC, BOC and ICBC. This finding is consistent with Yao,

Han and Feng’s (2008) argument where high technical efficiency scores of BOC,

CBC and ICBC explains why the Chinese government allows these three Big

state-owned banks to be listed on the stock markets first, but kept ABC in its present

form and listed a few years later. The technical efficiency scores of the Big four

state-owned banks are not low6, but still not on the efficiency frontier. The result

implies that too much protection, support and intervention for the Big four

6
When the efficiency score equal to 1 means the bank is on the efficiency frontier, our results of the Big four

state-owned banks are all above 0.95 which very close to the efficiency frontier.
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state-owned banks from the Chinese government cause their predominance position in

the financial market. However, this may result in a lack of the motivation to innovate

and develop new financial products and services, change the way of their operation

and management. The result further shows that the Big four state-owned banks under

the government regulation is the main reason why the banks were insulated from the

financial crisis such as the 2008 subprime loan crisis in the U.S.

In terms of time dimension, the Big four state-owned banks are technical efficient

from 1990 to 19977 and start to decline from 1998. This may be due to the

government comprehensive banking reform in 1997 to enhance the competition of the

banking system in China. Such reform led to the fall in the concentration ratio of the

Big four state-owned banks since 1997 as well as with the entrance of many non-state

banks and financial intermediaries. The technical efficiency of the Big four

state-owned banks decreased from 1998 to the lowest level in 2003, but increased

after 2003 showed a rising trend, which is consistent with Wang and Lan (2008), Yang

and Cao (2008) and Wu and Zhao’s (2008) findings. The results also confirm Wu and

Zhao’s (2008) argunment that the technical efficiency has improved since restructing,

public listing and the establishment of commercial operation mechanism of the Big

four state-owned banks from 2004.

Slacks and targets

The results from the DEA model also point to the direction and magnitude that

inefficient banks can improve their inputs and outputs resources (Yao, Han & Feng,

2008). The result shows that the main inputs and outputs resources causeing

7
The overall technical efficiency scores of the Big four state-owned banks are equal to 1 from 1990 to 1997,

except 1992.
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technical inefficiency of BOC, CBC and ICBC are similar in both

input/output-oriented approaches, namely, interest expense, deposit and non-interest

income. This means the technical inefficiency of BOC, CBC and ICBC showed the

banks have excessive interest expenses and deposits, but generate insufficient

non-interest income.

In general, more deposits for commercial bank can reduce the liquidity risk and

improve stability of the bank, because deposit is the core fund of commercial bank.

On the other hand, more deposits will cause higher cost, such as interest expense

which would affect the efficiency of the bank. Deposit is the liability of the bank,

which incur interest expense paid to the depositors. If the commercial bank cannot use

the fund from deposit sufficiently, the redundant deposit will incure pure cost to the

bank and this is may be the case of Chinese commercial banks. BOC, CBC and ICBC

have excessive deposits because of their dominate position in the Chinese financial

market, hence they absorb a large number of social funds. However, they do not use

the fund from deposits sufficiently in non-interest income activities, hence incur

excessive interest expense and generate insufficient non-interest income. The results

suggest that BOC, CBC and ICBC should develop more intermediary business, new

financial products to reduce the insufficient use of funds and increase the non-interest

income.

The results also show that ABC have excessive interest expense, deposit and

insufficient non-interest income. However, the excessive non-interest expense is the

main cause of technical inefficiency of ABC during the period 2000 to 2008. Wu and

Zhao (2008) examine the technical efficiency of ABC and conclude that the number



130

of employes is the main excessive input that caused the technical inefficiency of ABC.

This may be the reason for the ABC excessive use of non-interest expense.

Scale efficiency

The DEA model under variable returns to scale can be used to investigate the scale

efficiency of the Big four state-owned banks, which can decompose the technical

efficiency into pure technical efficiency and scale efficiency8. Table 6.1 shows the

summarized results9 of technical efficiency, pure technical efficiency and scale

efficiency of the Big four state-owned banks from 1990 to 2008. The result shows that

the changes of scale efficiency for the Big four state-owned banks ares similar to their

technical efficiency changes over the sample period. The pure technical efficiency

scores are almost equal to 1 for all the years from 1990 to 2008 (execpt 2003 and

2004 for ABC), which imply that, to a great extent, the years of technical inefficiency

for the Big four state-owned banks is mainly due to the scale inefficiency10.

As for the Big four state-owned banks, their technical efficiency, pure technical

efficiency and scale efficiency are equal to 1 in most of the sample years, which

implies the operation of these four Big state-owned banks are quite efficient11, and

under the constant return to scale. However, in terms of BOC and CBC inefficiency

(BOC is scale inefficiency in 2003 and CBC in 1992), both banks exhibit increasing

8
The variable returns to scale DAE model calculates the pure technical efficiency. Scale efficiency = technical

efficiency / pure technical efficiency, which the same as technical efficiency = pure technical efficiency* scale
efficiency.
9

The results from the inputs/output-oriented approaches are the same; hence Table 6 shows only the summarized
result from the input-oriented approach.
10

technical efficiency = pure technical efficiency* scale efficiency, when pure technical efficiency score equal to
1, then technical efficiency score will equal to scale efficiency.
11

The Big four state-owned banks are under constant return to scale when the technical efficiency, pure technical
efficiency and scale efficiency for are equal to 1,
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return to scale12, which means the proportional increase in the output is greater than

the proportional increase in the input for BOC in 2003 and CBC in 1992. This implies

they should increase their scale size. Moreover, scale inefficiency (year 1998, 2003,

2006 and 2007) for ICBC exhibits decreasing return to scale, which means the

proportional increase in its output is less than the proportional increase in its input.

This implies ICBC should reduce its operation to achieve scale efficiency.

The scale inefficiency of ABC is also caused by its technical inefficiency in the whole

sample period. ABC is inefficient in both pure technical and scale efficiency in 2003

and 200413, which means its technical inefficiency is due to both pure technical

inefficiency and scale inefficiency. However, the scale efficiency score is lower than

the pure technical efficiency score, hence the technical inefficieny of ABC in 2003

and 2004 is mainly due to its scale inefficiency. Morever, ABC exhibits an increasing

return to scale in those inefficient years, which implies ABC should enlarge its scale

size.

12
A firm experiencing increasing returns will have decreasing long-run average costs. However, this relationship

breaks down if the firm is not a perfect competitor in the input markets. For example, if there are increasing returns
to scale in some range of output levels, but the firm is big in one or more input markets than increasing its
purchases of an input drives up the input's per-unit cost, and the firm could have diseconomies of scale in that
range of output levels (www.wikipedia.com). Further, Yao, Han and Feng (2008) state that “in theory, an efficient
bank must produce at constant returns to scale. When IRS holds, a bank should increase its scale size, when DRS
holds, a bank should reduce its operation and the ideal size is where CRS holds.”(pp. 1320). This is why BOC and
CBC are scale inefficient when they under increasing return to scale
13

The pure technical efficiency of ABC are not equal to 1 in 2003 and 2004.
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Table 6.1: Technical, Pure Technical and Scale Efficiency of the Big Four State-Owned Banks from 1990-2008 (Input-Oriented Approach)

BOC CBC ICBC ABC

Year TE PTE SE RTS TE PTE SE RTS TE PTE SE RTS TE PTE SE RTS

1990 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant

1991 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant

1992 1 1 1 Constant 0.9986 1 0.9986 Increasing 1 1 1 Constant 1 1 1 Constant

1993 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant

1994 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant

1995 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant

1996 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant

1997 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant

1998 1 1 1 Constant 1 1 1 Constant 0.9983 1 0.9983 Decreasing 1 1 1 Constant

1999 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant

2000 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant 0.9977 1 0.9977 Increasing

2001 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant 0.9716 1 0.9716 Increasing

2002 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant

2003 0.9644 1 0.9644 Increasing 1 1 1 Constant 0.8924 1 0.8924 Decreasing 0.7872 0.8924 0.8821 Increasing

2004 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant 0.8469 0.9278 0.9128 Increasing

2005 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant 0.8103 1 0.8103 Increasing

2006 1 1 1 Constant 1 1 1 Constant 0.9530 1 0.9530 Decreasing 1 1 1 Constant

2007 1 1 1 Constant 1 1 1 Constant 0.9823 1 0.9823 Decreasing 1 1 1 Constant

2008 1 1 1 Constant 1 1 1 Constant 1 1 1 Constant 0.9562 1 0.9562 Increasing

Note: TE= technical efficiency, PTE= pure technical efficiency, SE= scale efficiency, RTS= return to scale
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6.3.2 Results and Implications for Objective Two

We rank the Big four state-owned banks in order of their technical efficiency using the

super-efficiency DEA model. Table 5.4.1 shows the ranking of the Big four

state-owned banks in each year for the period 1990 to 2008. We cannot conclude

which bank is the most efficient and which is the worst, because the ranking are not

the same every year. However, we find that the reform progress of Chinese banking

system has made some change in the ranking of the Big four state-owned banks.

Chapter Five discussed in detail how the ranking of the Big four state-owned banks

have changed under different reform progress during the sample period 1990 to 2008.

Table 6.2 summarizes how the ranking of the Big four state-owned banks changes in

different time period.

The result from the super-efficiency model implies that the Chinese banking system

reform has significant influence on the technical efficiency of the Big four

state-owned banks. The changes of the ranking indicate that the Big four state-owned

banks have been competing with each other over the period 1990-2008. For example,

in 1993, the State Council decided to strip off the specialized lending functions from

the Big four state-owned banks and convert into full service commercial banks which

require them to share the same business scope. Since that time, the limitations of their

business were removed and the Big four state-owned banks have been allowed to

conduct all types of banking consistent with regulations of the Bank Law (Li et. al,

2001). Table 6.2 shows the ranking of the Big four state-owned banks started to
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change from 1994, which demonstrates that the Big four state-owned banks nearly

have no incentive to compete with each other before the commercialization from 1994,

since they have different policy lending business scope.

In addition, the result in Table 5.4.1 shows that the capital injection in 1998 and

stripping off of the non-performing loans (NPLs) from the Big four state-owned banks

in 1999 have some effect on their technical efficiency improvement14 in the two years,

but the effects were only temporary15. Overall, BOC and ICBC seem to improve their

technical efficiency better than CBC and ABC. The result supports Yao, Han and

Feng’s (2008) finding, where the Big four state-owned banks were trying to improve

their competitiveness both before and after China’s accession to the WTO in

December 2001.

Another possible reason to explain why the ranking of the Big four state-owned banks

are different over the sample period is that, the Big four state-owned banks are full

service commercial banks since 1994, but the original policy lending function may

still have some continued influence. In other words, the original policy lending

mandate may to a certain extent influence the banks’ business development

orientation. For example, BOC was a bank specialized in dealing with foreign

14
The ranking of BOC improved from number 4 in 1997 to number 3 in 1998 and number 1 in 1999. The ranking

of CBC showed no changes in 1997, 1998 and 1999. ICBC decreased from number 1 in 1997 to number 4 in 1998,
but improved to number 3 in 1999. ABC improved from number 3 in 1997 to number 1 in 1998, but decreased to
number 4 in 1999.
15

The ranking of the Big four state-owned banks changed after 1999, BOC decreased from 1 in 1999 to 2 in 2000
and 2001. CBC decreased from number 2 in 1999 to number 3 in 2000 and 2001. ICBC improved it ranking from
number 3 in 1999 to number 1 in 2000 and 2001. ABC showed no changes to the ranking, which ranked number 4
in 2000 and 2001.
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currency transaction in 1979. Following its commercialization, BOC has the most

extensive branches in oversees among the Big four state-owned banks by the end of

2003. However, BOC reduced some of its oversea branches in last decade following

the strategy of other domestic commercial banks (Shang, 2009). ICBC was formed

from the huge branch network of the PBC and undertook the credit and savings

business of the PBC. This may be a reason why ICBC became the largest commercial

banks in China which runs the largest corporate banking business in China and remain

the first position in RMB settlement in 2005 (Shang, 2009). In the highly competitive

banking market during the reform period, ICBC expanded many high-growth,

high-tech and high value-added services including investment banking, cash

management, asset trust, financial advisory, structural financing (Shang, 2009).

Compare to BOC and ICBC, CBC was responsible for appropriation of state

infrastructure project and self-financing enterprise, monitoring the appropriate use of

fund for construction purpose when it first established in 1954. Today, CBC is

focusing on industry leaders (such as power, oil and gas, telecommunications) which

intend to enhance the bank’s historical relationship with its large corporate customers

(Shang, 2009). On the other hand, CBC improves its personal banking segment by

providing new business and services16 in order to compete with other commercial

banks. ABC is widely seen as the most inefficient banks among the Big four

state-owned banks and our result also showed that ABC ranked number four most of

16
Such as, personal wealth management, corporate treasury management, residential mortgages and diverse

saving products (Shang, 2009).
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the time. ABC has a disadvantage in its infrastructure were situated in the rural area

which are poor performing areas economically. Today, ABC‘s business mainly pitch

to the customer in both rural and urban areas, hence, it still has a long way to catch up

with the other three Big state-owned banks that are located in thriving developing

cities (Shang, 2009).

Table 6.2: Change in ranking for the Big Four State-Owned Banks

BOC CBC ICBC ABC

Before 1994 On average rank

number 1

On average rank

number 4

On average rank

number 3

On average rank

number 2

1994 -1997 On average rank

number 2

On average rank

number 4

On average rank

number 1

On average rank

number 3

1998-2001 decrease from

rank number 2 to

3, but improves to

rank number 2

Improve to rank

number 2, but

reduce to rank

number 3

decrease from rank

number 1 to 3, but

improves to rank

number 1

On average rank

number 4

2002-2005 On average rank

number 1

Improve to rank

number 1, but

decrease to rank

number 3

Decrease to rank

number 3, but

improve to number

2

On average rank

number 4

2006-2007 Rank number 3 Rank number 2 Rank number 4 Rank number 1

2008 Rank number 1 Rank number 3 Rank number 2 Rank number 4

6.3.3 Results and Implication for Objective Three

We use a DEA-based on the Malmquist index to test how the productivity of the Big

four state-owned banks reacted to the reform procedure and main financial events
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over the period 1990 to 2008. The mean value of the Big four state-owned banks for

the four periods17 showed that the banks experienced productivity improvement

mainly through the improvement of technological rather than efficiency change at the

beginning of the commercialization period 1990-1995，China’s accession to WTO and

the restructuring of BOC, CBC and ICBC (2000-2005). Consistent with Zhang and

Wu (2005) and Yao, Han and Feng’s (2008) findings, China’s accession to WTO and

restructuring of the Big four state-owned banks have been a powerful impetus to the

efficiency improvement in the Chinese banking system.

The results for each of the Big four state-owned banks in Table5.4 show that, BOC,

ICBC and ABC achieve positive technological growth during the first period of full

commercialization of the state-owned banks, except for CBC. However, in the third

period (2000-2005), only BOC and CBC have average productivity improvement due

to the increase in technological change. But the average productivity for ICBC and

ABC decreased during this period. In the contrast, Matthews, Guo and Zhang (2007)

regard the non-performing loans as an undesirable output and use the Malmquist

index to examine the productivity growth of the nationwide banks in China over the

period 1997-2006. They find at best the state-owned commercial banks on average

have no productivity growth and at worst, there is on average decrease in productivity.

However, the study results which include the Asia financial crisis (1995-2000) and

17
We divide the whole sample period into four periods, 1990-1991 to 1994-1995, 1995-1996 to 1999-2000,

2000-2001 to 2004-2005 and 2005-2006 to 2007-2008 to see how the productivity, efficiency and technological
changes affect the Big four state-owned banks.
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American financial crisis (2005-2008) indicate that both financial crises have negative

impact on the Chinese banking system. In comparing the impact of the financial

events on the productivity change of the Big four state-owned banks, the results

indicate that the productivity of the Big four state-owned banks decreased in the

period 1995-2000. However, only two of the Big four state-owned banks experience

decline in productivity (BOC and ICBC) due to the decline in technological change;

but improvement in productivity for CBC and ABC in the period 2005-2008. This

implies that, the 1997 Asian financial crisis negatively influence the productivity of

the Chinese banking system more than the 2008 subprime loan crisis.

In addition, the results for the whole sample period indicate that the BOC is the only

bank showing productivity improvement through technological change. The decline in

technological change has been the main barrier to achieve the productivity

improvement for CBC, ICBC and ABC. Yao, Han and Feng (2008) suggest that the

possible explanation for the improvement in total productivity of BOC, “are the effort

to retrench employment, to implement a stricter monitoring and control mechanism on

lending and to improve management and corporate governance”(pp 1323).

6.4 Conclusions

A key finding of this study is that the technical efficiency and scale efficiency of the

Big four state-owned banks are not low and close to each other over the sample period

1990-2008. The results confirm the findings of Zhao, Zhou and Jiang (2001) and Yao,
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Han and Fengs’(2008) study, which suggest that the Big four state-owned banks do

not have substantial differences in technical efficiencies since the average efficiency

scores are high. However, the study of Zhao, Zhou and Jiang (2001) only tested the

technical and scale efficiency of the Big four state-owned banks over the sample

period 1993-1998. The possible explanation for the results is that our samples include

only the Big four state-owned banks which have similar characteristics in terms of

their inputs and outputs (Yao, Han & Feng, 2008). Our result further shows BOC,

CBC and ICBC dominate the market as they have higher technical efficiency score

than ABC, which confirm the finding of Zhao, Zhou and Jiang (2001). This explains

why their initial public offerings were demanded heavily in 2005 and 2006 by

investors (Yao, Han & Feng, 2008, pp 1324). Furthermore, in the case of scale

efficiency, our result shows that BOC and CBC are more scale efficient than ICBC

and ABC, but ABC is the most inefficient bank over the period 1990-2008. However,

the result of Zhao, Zhou and Jiang (2001) shows that the scale efficiency of ABC is

quite high over the period 1993-1998 and the scale efficiency of ICBC is the lowest

in the Big four state-owned banks.

Moreover, our result shows a striking feature that BOC, CBC and ABC exhibit

increasing returns to scale while ICBC exhibits decreasing return to scale, as ICBC is

the biggest state-owned banks in China. The empirical results provide valuable

information for policy maker to justify their capital injection initiatives and business

expansion regulation (Yao, Han and Feng, 2008). The results also indicate that the
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technical efficiency of the Big four state-owned banks were achieved mainly through

the scale efficiency rather than pure technical efficiency,. This implies the technical

efficiency improvement in the reform period was achieved through the improvement

of external expansion, but not via the internal technological improvement.

The empirical results in this study also indicate that the Big four state-owned banks

experienced productivity improvement mainly through the improvement of

technological rather than efficiency change at the beginning of the commercialization

period 1990-1995 and the period China’s accession to WTO (2000-2005). The results

confirm the finding of Yao, Han and Feng (2008), which indicates that the banking

reforms in China in these periods have produced some encouraging results. For

example, several joint-stock commercial banks (JSCB), rural credit cooperatives

(RCCs), urban credit cooperatives (UCCs) and People’s insurance company of China

were set up to diversify the financial institution and enhance the competition of the

whole banking system during the 1999 to 1995 reform period of the Chinese banking

system. This may exert internal pressure on the Big four state-owned banks from

domestic banking market due to the fierce competition from other types of foreign

financial institutions. Moreover, after China’s ascension to the WTO in 2001, it

further leads to the external competitive pressure for the Big four state-owned banks

from the free entry of foreign banks into China (Yao, Han & Feng, 2008). However,

BOC is the only bank which showed productivity improvement through technological

change over the whole sample period, which is different from Yao, Han and Feng’s
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(2008) finding. This may due to following reasons:

1. The input and output variables are different as Yao, Han & Feng did not treat total

deposit as one of the input variable in their study, but they use the ratio of

impaired loans as one of the input variable.

2. Data were obtained from Bankscope rather than the Almanac of China’s finance

and banking

3. Sample period was 2006-2008, which excluded the negative influence from both

the Asian and subprime loan crises.

The study did not examine the efficiency of other types of banks in China, but the

study results showed clear evidence that the Big four state-owned banks have reacted

positively over the ownership reform period 1990-2008. Yao, Han and Feng (2008)

test the technical and scale efficiency and productivity change of Chinese commercial

banks pre and post-WTO era (1998-2005). Their study includes the Big four

state-owned banks and 11 joint-stock banks. They argue the efficiency of the Big four

state-owned banks are not necessarily less than the joint-stock banks in both technical

efficiency and productivity growth; in particular, they have strong evidence that CBC

and BOC are the best performing commercial banks in China. However, they find that

the asset quality is a significant advantage of the joint-stock banks compared to the

Big four state-owned banks. The study results also provide some useful insights into

Chinese banking industry.
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1). The high technical efficiency score of the Big four state-owned banks in our study

confutes the finding in most previous Chinese literature that the Big four state-owned

banks have the lowest technical efficiency than foreign banks after China ascension to

the WTO.

2). The high technical efficiency scores for BOC, CBC and ICBC indicate that the

Chinese government has successfully restructured the state-owned banks into

joint-stock enterprises.

3). The Chinese banking system exhibits strong government control, defective in

lending, management strategies and administrative policy. However, compare to the

banking system of American such conservative banking system in China can

effectively avoid the financial crisis.

Furthermore, the Big four state-owned banks face strong intervention from both

central and regional government than other types of banks in China. Jia (2009)

presents three differences between the state-owned banks and the joint-equity banks.

First, the state-owned banks are 100% controlled by the government, but the stock

control of the joint-equity banks are diversified. Second, the governors of the

state-owned banks are nominated by the Central Committee of the Communist Party

of China, whereas the governors of the joint-equity banks are nominated by the board

of directors (pp.79). Third, the central bank set the mandatory credit quotas to control

the credit of the state-owned banks before 1998, which did not apply to the

joint-equity banks. However, Li et Al. (2001) assert they did not take into account
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some of the particular handicaps of state-owned banks, when they draw the final

conclusion on the efficiency of the banks and compare with other types of banks. First,

the interest rates for both loans and savings followed the schedule of the government

which is modified periodically by the government and applied industry wide. This

indicates that banks in China have little opportunity to compete with each other using

interest rate. Second, state-owned banks in China is required to maintain personnel

levels18 , which means they cannot cut excess personnel and thus incur higher

operational cost (Li et al., 2001). Maintain the personnel levels may cause the

state-owned banks have excess employee, and incur high staff cost (including salaries

and bonuses, staff benefits, early retirement benefits), premises and equipment

expenses, and administrative expenses.

6.5 Policy Implications from the Research Results

The main objective of the banking reform in China is to establish a market-oriented

financial system. Li et Al. (2001) assert that as the market economy evolves,

maximizing value of equity would be the fundamental objective for Chinese banks.

However, the Big four state-owned banks still played multiple roles in economy, such

as implementing financial police of the central government, providing funds to

state-owned enterprises and government supported projects (Li et Al., 2001). Banks in

China are generally under government’s pressure to supply “policy loans”. Loans

18
Personnel levels means the number of staff of the state-owned banks (Li,et.al., 2001). For political concern

(such as social stability, reduce unemployment) the state-owned enterprises in China would not cut excess
employees to improve their efficiency. Jobs in the state-owned banks are fairly stable, whereas, jobs are highly
unstable in joint-equity banks (Jia, 2009)
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from banks with higher government ownership and stronger political interference

transmit a negative signal. The “Big Four” banks in China are subject to more

political interference and assume more policy loans over other domestic banks.

Chinese banks with lower ranking (local branches) may be influenced by local

governments and pressured to issue loans to pursue the political interest of local

governments (Bailey et al., 2008). These are the main reasons why the Big four

state-owned incurred a large amount of non-performing loans (NPLs) and most

previous studies included the NPLs as one of the measurement variable showed low

efficiency score for the Big four state-owned banks (Yao, Han & Feng, 2008; Zhang,

2003). Furthermore, the Big four state-owned banks are accustomed to accept the

protection and support from the government (such as fund injection). Because

Chinese government has almost always stepped in to either help banks their financial

problems such as write-off the bad loans, or pay off the outstanding debt to avoid

bank failures (Berger, Hasan & Zhou, 2009)

The empirical findings showed that the capital injection in 1998 and striping off of the

non-performing loans (NPLs) from the Big four state-owned banks in 1999 have some

positive effects on their technical efficiency. Thus the Chinese authorities should

remove the substantial government intervention on banks and let the banks to make

the lending decision based on the commercial principles. However, the authorities

should enact laws and regulations, set up clear rules for the banking system in China

to strengthen the enforcement. Moreover, the Chinese government should improve
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and enhance the supervisory and regulation on the lending activity of the banks to

ensure banks operate in line with the international banking practices. This could be

the fundamental way to improve the status of the NPLs and promote the efficiency in

allocation and utilization of the bank loans.

The results show that the technical efficiency, scale efficiency and productivity

change of the Big four state-owned banks have reacted positively over the reform

period from 1990 to 2008. However, there are several suggestions for future bank

reforms in China according to the present Chinese banking system and the handicaps

of state-owned banks. First, Yao, Han and Feng (2008) suggest that the Big four

state-owned banks should further change their ownership structure to become large

commercial banks with minimum government intervention. This may induces the Big

four state-owned banks to improve their lending, investment strategies and enhance

competition with other types of banks in China in order to further improve their

efficiency. However, reducing government intervention does not mean the

privatization of Chinese state-owned or controlled banks. It is difficult to privatize

China’s state-owned or controlled banks since the Chinese government holds huge

percentage of shares in the most state-owned banks. Both individual investors and

institutional investors cannot afford the wholly privatization of Chinese banking

sector. Chinese government has partially privatized three of the Big four state-owned

banks19 by agreeing to take minority foreign ownership. Berger, Hasan and Zhou

19 Bank of America Corporation paid $2.5 billion for a 9% ownership stake in CCB and Temasek Holdings paid
$1.5 billion for a 5.1% ownership stake in CCB in 2005. An investor group (Royal Bank of Scotland, Merrill Lynch
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(2009) find that minority foreign ownership will likely to improve performance of the

Big four state-owned banks significantly. Hence, partial privatization through inviting

strategic investors, turning state-owned banks into public banks and letting public

supervise these banks are possibly solutions to encourage greater transparency and

accountability and increase banks’efficiency.

Second, as discussed above, the interest rate for banks in China must be within the

range set by the PBOC. The PBOC liberalized the interest rate from 1996 (The

People’s Bank of China, 2005), but progress towards interest rate deregulation has

stalled with the deposit rate floors and lending rate ceilings still remaining (Feyzioglu,

Porter & Takats, 2009). Controlling the interest rate means the banks in China will

have little incentive to improve their efficiency in monitoring and credit allocation.

Hence, deregulating the interest rate may allow the commercial banks to decide their

commercial rates in accordance with market forces and competing with each other

more efficiently. However, removing the constraint of the interest rate may lead banks

to engage in high risky businesses. Therefore, it is possible for the PBOC to

implement interest rate deregulation to reduce the government intervention in Chinese

banks. However, precautionary banking regulation, supervision and monetary policy

should be taken into account to ensure that the risks which caused by the interest rate

deregulation are controlled.

and Li Ka-Shing) announced a combined investment of $3.1 billion for a 10% ownership share in the BOC in 2005
(Berger, Hasan & Zhou, 2009).
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Third, an existing problem for the Big four state-owned banks is their management

system. There are many management levels in the organization structure of the Big

four state-owned banks and this made the management and control of the bank more

complex and complicated, which reduce the efficiency in decision making and

management (Zhao and Jiang, 2001). Moreover, Li et Al. (2001) explained that the

top bank executives are in essence, political appointees. These management practices

indicate that the bank directors of the Big four state-owned banks should be appointed

base on professional qualifications and managerial ability and in an effort to learn

from advanced managerial and organizational experiences from foreign banks (Yao,

Han & Feng, 2008).

6.6 Limitations

The data for this study were obtained from the Almanac of China’s Finance and

Banking (year 1990 to 2008). Our analysis of the Big four state-owned banks in China

is constrained by several data problems.

6.6.1 Measurement

First, financial items record in the balance sheet and income statements from the

Almanac of China’s Finance for the Big four state-owned banks are defined and

measured differently from bank to bank. Second, the balance sheet and income

statement do not adhere to international accounting standards. In China, accounting

standards change all the time, which cause the recording of financial items to use
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different accounting standard in different time periods. Hence we need to define those

variables that we cannot obtain directly from the financial report differently. For

example, according to the concept of the bank’s deposits, the inter-bank borrowing

should not be including in the total deposits. But the inter-bank borrowing and the

deposits from other banks and financial institutions are combined as one single item

which are recorded in the balance sheet of CBC. Hence the inter-bank borrowing has

been included in the total deposits in this study to obtain the data consistency for the

Big four state-owned banks. Therefore, this inclusion makes the aggregation of data a

tricky process (Li et Al., 2001).

This study results differ from previous studies mainly due to different way in defining

the inputs and outputs variables. The inclusion of the inter-bank borrowing in the total

deposit actually over calculate the total deposits of the Big four state-owned banks

and may underestimate their efficiency scores when the total deposits are treated as

inputs variables in the model. However, the study result does not agree with the

statement of Yao, Han and Feng (2008) that the relative understatement of China’s Big

four state-owned banks in some studies may have been due to the including of the

total deposit as an input variable.
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6.6.2 Data Limitations

The sources of our data and the data themselves have limitations which may affect the

scope and analysis of our study. It is well known from in most of the researches that

secondary data from China is unreliable. In terms of the financial information of the

Big four state-owned banks, the data is more like “lack of standardization”, rather

than “unreliable”.

All banks in China are required to implement The Law of Accounting in the People’s

Republic of China, which sets out the basic reporting principles (Li et Al., 2001).

This is why the balance sheet and income statement in the Almanac of China’s

Finance release only the basic financial data without any notes. Moreover, the detailed

financial information for the banks is not required by government regulations to be

disclosed to the public (Li et Al., 2001). The accounting standards differ across banks

as may be seen by the varying treatment of items reported in the financial statements 

(see Section 6.5.1). Therefore, these regulations is not effective in mandating uniform

accounting practice

Furthermore, Li et al. (2001) state that the state-owned banks have adopted the

Accounting System for Financial and Insurance Companies, but other types of banks

such as joint-equity banks use the Accounting System for Shareholding (Joint Equity)

Companies. Therefore, under such inconsistent accounting rules, it is not surprising

that different banks record the financial items differently on the financial statements
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and the financial items with the same name may not represent equivalent measures.

This may cause the estimated results to biased and/or unreliable.

6.6.3 Variables Selection

Loan is one of the important businesses for banks in China and many previous studies

choose loans as one of the output variables in the DEA model. As discussed

previously, the non-performing loan is the major problem of the Big four state-owned

banks in China. It is necessary and important to treat loan as one of the output

variables to measure the technical and scale efficiency of the Big four state-owned

banks. However, write-off of bad loans has never been a common practice in Chinese

banks (Li et al., 2001). Many non-performing loans still remain as assets on the bank

balance sheets for decades and this is one of the main reason loans in Chinese banks

are ambiguous and inconsistent.

Moreover, the state-owned banks used the 5-category loan classification system, but

the classification criteria are very vague in the guiding principles on loan

classification which may cause misunderstanding in the classification criteria between

the supervisory authority and commercial banks (Shang, 2009) Hence, this is the main

reason we excluded loans as one of the output variable in our study. This may be the

reason why our technical efficiency scores of the Big four state-owned banks are

higher than some of the previous studies in China (Yang & Zao, 2008; Zhao, Zhou &

Jiang, 2001; Zhang, 2003).
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6.7 Recommendations for Future Research

Based on the limitations above, there are some recommendations for future research.

First, the official annual reports of the Big four state-owned banks provides more

financial detail than the Almanac of China’s Finance and Banking and the reason we

choose to use the financial statement in the Almanac of China’s Finance and Banking

is because the annual reports published on the bank’s official website for each

state-owned bank are available only after 2004. Future research could use the

financial information in the annual report from 2004 to the current time period and

include loans as one of the output variables to see whether the technical efficiency

result would differ much.

In addition, in this study, the DEA model provides the aggregate information on the

slack variables, for example, the result shows how much decrease/increase in

inputs/outputs variables are used to achieve efficiency for the Big four state-owned

banks. However, each of our study variables includes many specific financial items20.

Hence, future research could also test which specific financial items affect the

efficiency of the Big four state-owned banks significantly, in order to investigate the

determinants of the technical efficiency of the Big four state-owned banks.

Moreover, future studies might consider mitigating the political interference in

banking system and withdrawing soft budget constraints. To a certain extent, banks in

20
For example: total non-interest income = the fee and commission income + investment income + income from

foreign exchange + income from other businesses
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China are under government pressure to supply “policy loans”make Chinese banks

incur a large amount of NPLs and operate at low efficiency (Matthews, Guo & Zhang,

2007; Berger, Hasan & Zhou, 2009; Can & Ariff, 2008; Li & Hao, 2005). Comparing

China and other major Asian economies in recent years, Allen et al. (2008) show that

the number of NPLs is the highest in China’s banking industry and the profitability of

China’s banking system is the lowest for the same group of countries. In addition,

dual government ownership of banks and most listed companies inevitably results in

soft budget constraints. Under soft budget constraints, a bank loan is indeed a catalyst

for expropriation, which means bank loan gives the controlling shareholder a free

hand over a larger pool of capital. Therefore, reducing political interference in the

banking system and withdrawing soft budget constraints are fundamental to improve

the allocation efficiency within China’s banking system. Thus, the approaches to

mitigate political interference in the banking system and withdrawing soft budget

constraints deserve future researchers’attention.
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Appendix

Table A1: Chinese calendar year rate of inflation

Inflation rate (%) deflate rate 1/(1+i)

1990 3.1 0.9699

1991 3.4 0.9671

1992 6.4 0.9398

1993 14.7 0.8718

1994 24.1 0.8058

1995 17.1 0.854

1996 8.3 0.9234

1997 2.8 0.9728

1998 -0.8 1.0081

1999 -1.4 1.0142

2000 0.4 0.996

2001 0.7 0.993

2002 -0.8 1.0081

2003 1.2 0.9881

2004 3.9 0.9625

2005 1.8 0.9823

2006 1.5 0.9852

2007 4.8 0.9542

2008 5.9 0.9443

Source: The inflation rate is from the website of National Bureau of Statistic of China

http://www.stats.gov.cn/tjgb/
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Table A2: Pure technical efficiency score for Bank of China (input-oriented
approach)

BOC

Input Slacks Output Slacks

Year 
1s


2s 3s 1s


2s

1990 1 0 0 0 0 0

1991 1 0 0 0 0 0

1992 1 0 0 0 0 0

1993 1 0 0 0 0 0

1994 1 0 0 0 0 0

1995 1 0 0 0 0 0

1996 1 0 0 0 0 0

1997 1 0 0 0 0 0

1998 1 0 0 0 0 0

1999 1 0 0 0 0 0

2000 1 0 0 0 0 0

2001 1 0 0 0 0 0

2002 1 0 0 0 0 0

2003 1 0 0 0 0 0

2004 1 0 0 0 0 0

2005 1 0 0 0 0 0

2006 1 0 0 0 0 0

2007 1 0 0 0 0 0

2008 1 0 0 0 0 0
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Table A3: Pure technical efficiency score for Construction Bank of China
(input-oriented approach)

CBC

Input Slacks Output Slacks

Year 
1s


2s 3s 1s


2s

1990 1 0 0 0 0 0

1991 1 0 0 0 0 0

1992 1 0 0 0 0 0

1993 1 0 0 0 0 0

1994 1 0 0 0 0 0

1995 1 0 0 0 0 0

1996 1 0 0 0 0 0

1997 1 0 0 0 0 0

1998 1 0 0 0 0 0

1999 1 0 0 0 0 0

2000 1 0 0 0 0 0

2001 1 0 0 0 0 0

2002 1 0 0 0 0 0

2003 1 0 0 0 0 0

2004 1 0 0 0 0 0

2005 1 0 0 0 0 0

2006 1 0 0 0 0 0

2007 1 0 0 0 0 0

2008 1 0 0 0 0 0
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Table A4: Pure technical efficiency score for Industrial and Commercial Bank of
China (input-oriented approach)

ICBC

Input Slacks Output Slacks

Year 
1s


2s 3s 1s


2s

1990 1 0 0 0 0 0

1991 1 0 0 0 0 0

1992 1 0 0 0 0 0

1993 1 0 0 0 0 0

1994 1 0 0 0 0 0

1995 1 0 0 0 0 0

1996 1 0 0 0 0 0

1997 1 0 0 0 0 0

1998 1 0 0 0 0 0

1999 1 0 0 0 0 0

2000 1 0 0 0 0 0

2001 1 0 0 0 0 0

2002 1 0 0 0 0 0

2003 1 0 0 0 0 0

2004 1 0 0 0 0 0

2005 1 0 0 0 0 0

2006 1 0 0 0 0 0

2007 1 0 0 0 0 0

2008 1 0 0 0 0 0
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Table A5: Pure technical efficiency score for Agricultural Bank of China
(input-oriented approach)

ABC

Input Slacks Output Slacks

Year 
1s


2s 3s 1s


2s

1990 1 0 0 0 0 0

1991 1 0 0 0 0 0

1992 1 0 0 0 0 0

1993 1 0 0 0 0 0

1994 1 0 0 0 0 0

1995 1 0 0 0 0 0

1996 1 0 0 0 0 0

1997 1 0 0 0 0 0

1998 1 0 0 0 0 0

1999 1 0 0 0 0 0

2000 1 0 0 0 0 0

2001 1 0 0 0 0 0

2002 1 0 0 0 0 0

2003 0.8924 214.2021 8852.2521 0 0 432.2734

2004 0.9278 45.8970 0 0 7934.6034 21212.8924

2005 1 0 0 0 0 0

2006 1 0 0 0 0 0

2007 1 0 0 0 0 0

2008 1 0 0 0 0 0
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Table A6: Pure technical efficiency score for Bank of China (output-oriented
approach)

BOC

Input Slacks Output Slacks

Year 
1s


2s 3s 1s


2s

1990 1 0 0 0 0 0

1991 1 0 0 0 0 0

1992 1 0 0 0 0 0

1993 1 0 0 0 0 0

1994 1 0 0 0 0 0

1995 1 0 0 0 0 0

1996 1 0 0 0 0 0

1997 1 0 0 0 0 0

1998 1 0 0 0 0 0

1999 1 0 0 0 0 0

2000 1 0 0 0 0 0

2001 1 0 0 0 0 0

2002 1 0 0 0 0 0

2003 1 0 0 0 0 0

2004 1 0 0 0 0 0

2005 1 0 0 0 0 0

2006 1 0 0 0 0 0

2007 1 0 0 0 0 0

2008 1 0 0 0 0 0
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Table A7: Pure technical efficiency score for Construction Bank of China
(output-oriented approach)

CBC

Input Slacks Output Slacks

Year 
1s


2s 3s 1s


2s

1990 1 0 0 0 0 0

1991 1 0 0 0 0 0

1992 1 0 0 0 0 0

1993 1 0 0 0 0 0

1994 1 0 0 0 0 0

1995 1 0 0 0 0 0

1996 1 0 0 0 0 0

1997 1 0 0 0 0 0

1998 1 0 0 0 0 0

1999 1 0 0 0 0 0

2000 1 0 0 0 0 0

2001 1 0 0 0 0 0

2002 1 0 0 0 0 0

2003 1 0 0 0 0 0

2004 1 0 0 0 0 0

2005 1 0 0 0 0 0

2006 1 0 0 0 0 0

2007 1 0 0 0 0 0

2008 1 0 0 0 0 0
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Table A8: Pure technical efficiency score for Industrial and Commercial Bank of
China (output-oriented approach)

ICBC

Input Slacks Output Slacks

Year 
1s


2s 3s 1s


2s

1990 1 0 0 0 0 0

1991 1 0 0 0 0 0

1992 1 0 0 0 0 0

1993 1 0 0 0 0 0

1994 1 0 0 0 0 0

1995 1 0 0 0 0 0

1996 1 0 0 0 0 0

1997 1 0 0 0 0 0

1998 1 0 0 0 0 0

1999 1 0 0 0 0 0

2000 1 0 0 0 0 0

2001 1 0 0 0 0 0

2002 1 0 0 0 0 0

2003 1 0 0 0 0 0

2004 1 0 0 0 0 0

2005 1 0 0 0 0 0

2006 1 0 0 0 0 0

2007 1 0 0 0 0 0

2008 1 0 0 0 0 0
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Table A9: Pure technical efficiency score for Agricultural Bank of China
(output-oriented approach)

ABC

Input Slacks Output Slacks

Year

1990 1 0 0 0 0 0

1991 1 0 0 0 0 0

1992 1 0 0 0 0 0

1993 1 0 0 0 0 0

1994 1 0 0 0 0 0

1995 1 0 0 0 0 0

1996 1 0 0 0 0 0

1997 1 0 0 0 0 0

1998 1 0 0 0 0 0

1999 1 0 0 0 0 0

2000 1 0 0 0 0 0

2001 1 0 0 0 0 0

2002 1 0 0 0 0 0

2003 1.2425 312.8503 5746.0326 0 0 13997.5211

2004 1.1723 483.1181 0 0 0 11204.9113

2005 1 0 0 0 0 0

2006 1 0 0 0 0 0

2007 1 0 0 0 0 0

2008 1 0 0 0 0 0
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Table A10: Changes in the Malmquist productivity index and its components for
Bank of China from 1990-2008

BOC

Efficiency

Change

Technological

Change

Malmquist productivity

Index

1990-1991 1 1.64647 1.64647

1991-1992 1 1.07413 1.07413

1992-1993 1 0.82014 0.82014

1993-1994 1 1.01843 1.01843

1994-1995 1 1.03491 1.03491

1995-1996 1 1.48711 1.48711

1996-1997 1 0.68459 0.68459

1997-1998 1 0.90478 0.90478

1998-1999 1 0.90081 0.90081

1999-2000 1 0.97431 0.97431

2000-2001 1 0.87745 0.87745

2001-2002 1 0.93679 0.93679

2002-2003 0.96443 1.05017 1.01281

2003-2004 1.03689 1.46104 1.51493

2004-2005 1 1.0018 1.0018

2005-2006 1 0.77631 0.77631

2006-2007 1 1.05008 1.05008

2007-2008 1 1.10197 1.10197
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Table A11: Changes in the Malmquist productivity index and its components for
Construction Bank of China from 1990-2008

CBC

Efficiency

Change

Technological

Change

Malmquist productivity

Index

1990-1991 1 0.94815 0.948145

1991-1992 0.99861 0.97036 0.969009

1992-1993 1.0014 0.94277 0.944087

1993-1994 1 1 1

1994-1995 1 0.9856 0.985597

1995-1996 1 0.93999 0.939985

1996-1997 1 1.60722 1.607217

1997-1998 1 0.39464 0.394643

1998-1999 1 0.90611 0.906109

1999-2000 1 0.95593 0.955929

2000-2001 1 1.00922 1.009216

2001-2002 1 1.05095 1.05095

2002-2003 1 1.84185 1.841847

2003-2004 1 1.02589 1.025886

2004-2005 1 1.02521 1.025209

2005-2006 1 0.97947 0.979468

2006-2007 1 1.12794 1.127938

2007-2008 1 0.95436 0.954359
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Table A12: Changes in the Malmquist productivity index and its components for
Industrial and Commercial Bank of China from 1990-2008

ICBC

Efficiency

Change

Technological

Change

Malmquist productivity

Index

1990-1991 1 1.01314 1.01314

1991-1992 1 0.93847 0.93847

1992-1993 1 0.97896 0.97896

1993-1994 1 2.01885 2.01885

1994-1995 1 0.93242 0.93242

1995-1996 1 0.96105 0.96105

1996-1997 1 1.06184 1.06184

1997-1998 0.998283 0.31968 0.31913

1998-1999 1.00172 0.96934 0.97101

1999-2000 1 0.91455 0.91455

2000-2001 1 1.20455 1.20455

2001-2002 1 0.60031 0.60031

2002-2003 0.892414 1.07583 0.96009

2003-2004 1.120557 0.91573 1.02613

2004-2005 1 1.0536 1.0536

2005-2006 0.952967 0.79689 0.75941

2006-2007 1.030771 1.06342 1.09614

2007-2008 1.018028 1.01118 1.02941
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Table A13: Changes in the Malmquist productivity index and its components for
Agricultural Bank of China from 1990-2008

ABC

Efficiency

Change

Technological

Change

Malmquist productivity

Index

1990-1991 1 0.71248 0.71248

1991-1992 1 3.239915 3.239915

1992-1993 1 0.880446 0.880446

1993-1994 1 0.642868 0.642868

1994-1995 1 0.819281 0.819281

1995-1996 1 1.109352 1.109352

1996-1997 1 0.912368 0.912368

1997-1998 1 0.920641 0.920641

1998-1999 1 0.844502 0.844502

1999-2000 0.997748 0.896365 0.894347

2000-2001 0.973764 1.044902 1.017488

2001-2002 1.029261 0.930389 0.957613

2002-2003 0.787165 1.428449 1.124425

2003-2004 1.075863 0.894262 0.962103

2004-2005 0.956796 0.962705 0.921112

2005-2006 1.234122 0.82931 1.02347

2006-2007 1 1.107778 1.107778

2007-2008 0.956242 0.965619 0.923366


