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CHAPTER-I

INTRODUCTION

1.1 INTRODUCTION:

The performance of banks has become a major concern of planners and

policy makers in India, since the gains of real sector economy depend on how

efficiently the financial sector performs the function of financial intermediation

(Rangarajan. 1997). Efficiency operation of banks has become an important issue

in India. In the financial market, banks still play a predominant role. In order to

compete with non-bank financial institutions, banks should increase their levels of

efficiency. Recently, a number of initiatives (inventions and innovations) have

been taken to increase efficiency of the banks, such as introducing Technology.

ATM. Telex-Banking. Internet Banking etc.. As product innovations and financial

deregulation take place, competitive pressures rise and force bank to operate more

efficiently.

Banking efficiency is also related to macro economic environment, such as

monetary policy, structure of interest rates, capital/deposit mobilization, credit

policy and bull and bear market conditions. These policies and conditions

influence the entire economy, banks and their efficiency.

Basically Indian banks are efficiently inefficient. In the Indian banking

sector, till eighties, the banks were operated in a highly regulated, protective and

stressed environment. It is due to the impact of interest rate regime, direct credit

control system, monetary policy and lack of technology. Hence banking sector



was not internationally competitive till then. In order to raise the standards of the

banks internationally, a number of committees were appointed by RBI. Among

them. Narasimham committee I (1991), Narasimham Committee II (1998) and

Verma Committee (1999) were influential in improving international standards,

and led to banking sector reforms, globally flexible to its deregulation, norms and

conditions etc.. the above said committees have basically identified the causes for

the weak banks and guidelines have been given to improve their efficiency.

In order to measure efficiency many would face problems such as

methodological aspects, choosing parameters for the measure efficiency of the

units/banks, using appropriate data, implementing recommendations of the formed

committees and various studies on banking efficiency and so.

In the earlier studies, there are a number of limitations. Those studies do

not consider many aspects, such as. implications and recommendations of their

earlier studies and no study was tried earlier. To evaluate fill the gaps being

situated in earlier studies, the present study is having its own importance. In this

study we discussed many issues such as a) reviewing the earlier studies,

committees recommendations, b) The impact of foreign bank entry after 1998

WTO regulation act. c) Methodological issues i.e.. prominent methods used

recently for measuring efficiency of banks, and d) considering to choose method

of appropriate variables to find out efficiency in banks etc..

1.2 BANKING IN INDIA:

Prior to 1969 the Indian banking system was dominated by private

ownership. A large part of the banking system was brought under direct



government control in 1969. Nationalization of banks brought with it a shift in

focus towards optimizing social benefit and spatial coverage of banking services

with commercial viability only as a sustenance factor.

Presently. Public Sector Banks (PSBs) account for more than 78 percent of

total banking industry assets, and saddled with Non-Performing Assets (NPAs).

falling revenues from traditional sources, lack of modern technology, excessive

manpower, and excessive governmental equity etc.. To attain competitiveness in

the financial market, the PSBs have to concentrate on above aspects.

The private banks however cannot match great reach, great size and access

to low cost of deposit etc.. of the public sector banks. Therefore to combat with

PSBs. they have consolidating themselves through mergers and acquisitions route

and they are moving ahead with traditional banking business model by way of their

absolute innovation and service.

Private Sector Banks have pioneered internet banking, telex-banking,

anywhere banking, and mobile banking, debit cards. Automatic Teller Machines

(ATMs) and combined various other services and integrated them into the

mainstream banking arena, while the PSBs are still grappling. In following India's

commitment to the World Trade Organization (WTO) agreement in respect of the

services sector, foreign banks, including both new and the existing ones, have been

permitted to open up to 12 branches a year with effect from 1998-99 as against the

earlier stipulation of 8 branches.



In India, banks have been allowed to provide fee-based insurance services

without risk participation invest in an insurance company for providing

infrastructure and services support and set up of a separate joint-venture insurance

company with risk participation. Meanwhile the financial and corporate sector

slowdown has led to an expansion of banks focusing on the retail segment.

1.2.1 HISTORY OF COMMERCIAL BANKING IN INDIA:

In India, the evaluation of modern banking system has been structured as

follows:

Table 1.1

History of Banks in India

In the beginning of modern banking in India was made by the British in the

seventeenth century. The agency houses used to perform the banking business as

an adjunct to their main business. Later, in early nineteenth century, three

presidency banks were set up namely, the Bank of Bengal (1806). the Bank of

Bombay (1840) and the Bank of Madras (1843). Stagnant economic conditions.
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falling prices and high rate of bank failures were responsible for the slow rate of

growth of banking till the beginning of the twentieth century.

During the 20th century, the progress of banking was faster. In 1920. the

Imperial Bank of India was set up with the merging of three presidency banks.

The Reserve Bank of India (RBI) was established in 1935 as the central bank of the

country. In 1949. the banking regulation act was passed and the RBI was

nationalized and acquired extensive regulatory powers over the commercial banks.

In 1950. the Indian banking system comprised of the Reserve Bank of

India, the Imperial Bank of India. Co-operative banks. Exchange banks and Indian

joint stock banks. According to the amount paid up capital and reserves held by

them. Indian joint banks were divided into four classes i.e. A. B. C and D. Later

on the banks were divided into two categories of scheduled and non-scheduled

banks.

In 1955. on the recommendations of the Rural Credit Survey Committee,

the Imperial Bank of India was converted into the State Bank of India (SBI) and it

was nationalized in 1959. In 1959. the State Bank of India (Associate Banks) Act

was passed and a SBI group was created with the nationalization of eight regional

banks.

The nationalization of fourteen commercial banks in 1969 was a turning

point in the history of commercial banks in India. In July 1969. 14 commercial

banks in the private sector, each having deposits worth Rs. 50 Crs and above were

nationalized. In nationalized banks, the Government of India is a major

shareholder. There was a merger of two nationalized banks in 1993 so the number

5



of nationalized banks has been increased to 19. These 19 nationalized banks and

the 8 banks in the SBI group together are known as the public sector banks. The

banking system has developed well over the years in terms of geographical

coverage, deposit mobilization and credit expansion, but. it is still underdeveloped

with regard to technology.

The early 1990s, guided by the recommendations of the committee on

financial system headed by Narasimham. reforms of the banking sector in terms of

deregulation and liberalization were initiated. But the second half of the previous

decade saw an increased awareness of the dangers associated with inadequate

regulation and supervision of banks. Therefore, banks will have to reap economies

of scale in order to cut costs, raise profitability and bring in more transparency in

their operations as move towards international best practices.

Commercial banks are the oldest and the most prominent financial

intermediaries in India. Commercial banks have to work within the constraints of

social goals and public ownership, and also have to maintain a proper balance

between profitability and liquidity. In the financial structure of even," modem

economy, the commercial banks occupy a unique position and they are primarily

deal with money and credit. Their major task of banks is to mobilize savings of the

community in the form of a variety of deposits and to give loans and advances to

borrowers for various purposes.

The concept of efficiency of a commercial bank is connected with diverse

aspects of its operations, as its financial soundness, its profitability or its customer

service. Operational efficiency in a service industry like banking has a wide

6



connotation. This connotation is considerably enlarged where banks are required

to assume responsibilities in serving social as well as economic objectives

(Angadi. 1983), and the improving efficiency has been increased substantially for

the survival and sustained viability of commercial banks.

1.3 SOME MEASUREMENT ISSUES RELATED TO EFFICIENCY OF BANKS IN

INDIA:

For improvement of banking sector efficiency, the RBI has constituted

committees from time to time. Luther committee (1977) examined the

productivity, efficiency and profitability of nationalized banks for the period 1969

to 1975 on the basis of a selected set of efficiency indicators. As a part of financial

sector reforms. Indian banking is currently undergoing changes with an accent on

flexibility, transparency, efficiency and profitability of the system. The approach

to financial sector reforms was laid out in the report of the committee on financial

system, which prescribed prudential accounting norms at par with the practices

prevalent in the international banking area.

The PEP committee (1977) proposed a system of assessment of relative

performance of banks on four major aspects, viz. productivity, social objectives

(spatial), social objects (sectoral) and profitability. The committee had also

proposed 19 indicators. Similar indicators were also used by the Finance Ministry

during 1985-86 to rate the performance of banks on a relative basis.

While addressing the efficiency issues in commercial banks. Sukhmoy

Chakravarty Committee (1985) observed that. "The concept of operational

7



efficiency of a bank in India is associated with such diverse aspects of its

operations as cost effectiveness, profitability, customer services, priority sector

lending, mobilization of deposits and deployment of credit in the rural and

backward regions and so on. Operational efficiency in Indian banking has thus

attained a wider connotation. Precisely for this reason, a generally acceptable

definition of the concept and selection of appropriate indicators are beset with

difficulties. Nevertheless, improvement in productivity in all aspects of banking

operations has to be pursued by banks as an important management objective as it

vitally affects the efficiency of the monetary system".

It is pertinent to note at this point that some of the performance parameters

in Indian banking context have been highlighted in the 1983 by the Pendharkar

Working Group (1982-83). The report stated: "... there is a need for evolving a

system of evaluation and rating of bank"s performance on the basis of certain

parameters. To make the system of supervision more purposeful and action-

oriented, the broad parameters could be (i) quality of advances, (ii) management of

cash and investment portfolios, (iii) management of funds, (iv) capital adequacy.

(v) profitability, (vi) internal control and administration, (vii) compliance with the

socio-economic objectives by the offices in India".

Ahluwalia (1985) has pointed out that in the context of service sector in

India one needs to look at the broader concept of total factor productivity, which is

used to explain not merely the (productive) efficiency of labour or capital but also

the way the management combines these and other factors to enhance the output of

the unit. The productive efficiency in this approach is measured as the ratio of

8



weighted output by weighted input, with weights assigned to various inputs and

outputs on a heuristic basis. In this paper we use the 'frontier model' approach to

measure bank efficiency, wherein the weights are determined using optimality

considerations.

Since the early 1990s, the Government of India has implemented many

banking sector reforms. These reforms include i) lowering of Cash Reserve Ratio

(CRR). ii) lowering the Statutory Liquidity Ratio (SLR), iii) a gradual deregulation

of interest rates on deposits and lending, and iv) introduce the prudential norms in

line with the international standards and the like. A system of flexible exchange

rates on current account has been adopted. These and similar other policy initiates

indicate the desire to make Indian banking more competitive by establishing a

level playing field among the three group of banks.

The committee on the financial system, appointed by the Government of

India in 1991. identified direct investment and credit programs as the two main

sources of declining efficiency, productivity and profitability among commercial

banks.

The Padmanabhan Working Group (1991) in its report to the Reserve Bank

of India has commended the CAEL (Capital Adequacy. Asset Quality. Efficiency.

Liquidity) model. However. CAEL rating is essentially an indicator of the financial

condition of a bank at a particular point in time, rather than of its performance

efficiency. Also, only a fewr of the financial ratios used in this methodology reflect

productive efficiency, in terms of output/input relationships. This approach as such

9



does not give a composite picture of (productive) efficiency that reflects the

multiple input-output situations prevalent in the banking context.

The Narasimham committee (1991) in its reports has given some

recommendations. These led to banking reforms. The recommendations were

basically aimed at ensuring the safety and soundness of financial institutions and at

the same time at making the banking system strong, efficient, functionally diverse

and competitive.

The Narasimham Committee (1998) has given the prudential norms for

capital adequacy and income recognition, asset classification and provisioning

were further tightened to bring these on par with international standards, and

recommended CAMELS (Capital Adequacy. Asset quality. Management.

Earnings. Liquidity and Systems) model. The adoption of CAMELS rating

mechanism has facilitated inclusion of an additional parameter S symbolizing

'Systems' for the purpose of supervision by regulators. In view of the technical

problems in measuring management efficiency, quantitative studies of bank

efficiency have generally assumed that the managerial factor is implicitly reflected

in the other four factors.

The Verma Committee (1999). in their extensive study they have suggested

the efficiency measures. These parameters include capital adequacy ratio,

coverage ratio, return on assets, net interest margin (spread), operative profits to

average working funds, cost to income, and staff cost to net interest income plus

other income. The committee found, weaknesses and strongnesses of the banks

based on the study of above seven financial performance parameters, and found

that no banks were fulfilled all parameters.

10



1.4 THE PRESENT STUDY:

It may be noted that the existing studies on banking efficiency have taken

into account productivity, profitability and financial management etc.. and did not

consider management of non performing assets and other relevant factors which

are mainly contribute to the banking sector and its efficiency. Further, the existing

studies covered only either public or private bank systems. The present study is

different from the existing studies in two ways namely,

• The coverage of aspects for measuring efficiency includes NPA and

other measures.

• The study covers public, private and foreign banks

In the present study, we follow the Narasimham committee (1998)

recommendations and its new model for efficiency in the banking sector i.e..

CAMELS, where C- Capital Adequacy. A- Asset Quality. M- Management. E -

Earnings. L- Liquidity, and S - Systems, and also followed Verma Committee

(1999) recommendations.

And in this study, we have used a new method namely, the data

envelopment analysis (DEA) for measuring efficiency of 93 (includes public,

private and foreign) banks. The study emphasizes on the many challenges in the

banking industry, namely i) Structure of the Financial System, ii) Capital

Adequacy, iii) Treatment of weak banks, iv) Non Performing Assets (NPAs) and

v) Potential conflicts as owner and supervisor etc.. and profitability, productivity

and financial management also measured.

11



1.5 OBJECTIVES OF THE STUDY:

In the light of this background, the specific objective of the present study

is:

i. To evaluate the efficiency of banks in India and to find out the relative

efficiencies of various groups of banks namely, public, private and

foreign sector banks in India

1.6 DATA:

The data used in the present study have been obtained from secondary

sources. Sources of the data as follows:

i. Indian Banks Association Bulletins. 1999-2003 and various monthly

bulletins

ii. Various Issues of Report on Trend and Progress on Banks in India

published by Reserve Bank of India

Here, we have taken different factors like productivity, profitability:

financial management and asset quality for which 20 different types of ratios have

been calculated using the data from the above sources.

12



1.7 ORGANIZATION OF STUDY :

The remainder of this dissertation is organized as follows. Chapter II

reviews the literature concerning banking efficiency in India and out side of India.

Chapter III presents the methodology adopted in this study. Chapter IV provides

results and discussion and the last Chapter gives findings and concluding remarks

of the study.

13



CHAPTER II

REVIEW OF LITERATURE

2.1 INTRODUCTION:

Though the issue productive efficiency has been of interest since the days

of Adam Smith, a rigorous approach to the measurement of efficiency of

production can be said to have originated with the work of Koopmans (1951) and

Debreu (1951). In the later years, this area has received considerable attention.

Both theoretical as well as empirical works have appeared in the literature on

productive efficiency. The subject of measuring banking efficiency has also been

extensively studied. It is not possible to attempt to review all the studies on

banking efficiency. As a background to the present study, however, an attempt is

made in this chapter to present brief review of select works.

Traditionally, banking efficiency has been measured through ratio
analysis as

Efficiency = ^T outputs j ^ inputs

Apart from descriptive methods and regression analysis used for the

measure of efficiency, methods like Index numbers approach, composite index

number approach using principal component analysis have been used in India from

1978. In banking sector, various technological methodologies have been used.

They are:

1. Taxonomical method

2. Sequential decomposition analysis

14



3. Multivariate analysis

4. Translog function etc.,

The above said methodologies have been used to measure different banking

performances like factor productivity, inter-bank difference, efficiency of

benchmarks and targets, to know the impact of management efficiency on output

performance of banks, and also the impact of partial liberalization during mid

eighties.

The above said methodologies found that operational efficiency is at a more

disaggregate level in terms of homogenous groups and seems more realistic in

banking operations. In the period of pre-liberalizations banking operations are not

uniform. There are wide disparities in the productivity of rural, urban and

metropolitan banks and in the inter-banking productivity. After 1985. with the

implementation of Data Envelopment Analysis (DEA) they came up with a drastic

change in the measurement of efficiency. For example, it is used to measure scale,

scope, technical and allocative efficiency which are present in banking efficiency

and also the reason for they being inefficient.

To bring about positive changes in Indian banking sector DEA has been

used to find out the reasons for productive, financial management and productivity

inefficiency and their impact as a whole on the banking sector. Keeping it apart,

taking into consideration certain factors like deposits mobilization, capital

mobilization, return on assets and return on equity, profit per employee, business

per employee and capital adequacy ratio and management of non-banking

performing assets etc.. utilized to know which ownership of the banks are efficient

15



i.e., public, private and foreign banks. The studies are not only confined to find the

efficiencies among the banks but also include suggestions to improve the

efficiency. Most of the studies concluded that public sector banks are more

efficient than private sector banks and foreign banks of which foreign sector banks

are efficient compared to private sector banks.

2.2. REVIEW OF STUDIES IN INDIA:

Initially in Indian banking sector the efficiency was measured through

composite Index analysis by Divitia and Venkatachalam (1978), Subramanyam

(1985), Das et.al (1994) and Hansda (1995). In their study Divitia and

Venkatachalam (1978), have attempted to measure bank efficiency based on

certain indicators. Suitably represent the various aspects of banks performance for

the period 1969-76 in India. They have used two methods for the analysis, namely

a) simplistic method of ranking and b) ranking based on factor analysis technique.

They found the assessment of operational efficiency at a more disaggregated level

and in terms of homogeneous groups seems more realistic and meaningful than

evolving an efficiency measure at the overall or composite level.

To measure Total Factor Productivity (TFP) by using index number

approach, seperability and neutral technology, Subramanyam (1985), addressed

some of the conceptual issues and their growth accounting implications. In the

process Divisia index was shown to be preferable over Laspayers index, and this

paper ends on a note of caution to the users of this approach.

To examine whether any change has taken place in the efficiency of

banking industry with regard to productivity, profitability and financial

16



management, Das and Sarkar (1994), extended their analysis of efficiency

measurement of banking industry by correcting some of the shortcomings of other

studies in the area of coverage, methodology adopted to composite index analysis.

Their study became a special branch of multivariate analysis and principal

component analysis, in which they have utilized 15 indicators for the year 1994-95.

They found that among private Indian banks, the nature of operation varied

considerably and inter-bank differences were wider than the public sector banks.

For judging the relative performance of 28 public sector banks during the

period of post-liberalization from 1991-92 to 1993-94, a composite index had been

constructed by Hansda (1995). He considered 25 indicators under five categories

by adopting principal component analysis, and found that in the pre-Iiberalization

phase, the banks used to function in a more or less uniform or regulatory regime.

However, the significant variation has been observed in their performance for the

year 1991-92. which suggested that organizations culture and quality management

had a significant sharing on the relative performance of banks.

For measuring inter bank efficiency/performance measurement indicators

like profitability, productivity, growth have been used. Angadi (1983). Karkal

(1983). Subramanyam (1986). Subramanyam and Swamy (1994 a). Subramanyam

and Swamy (1994 b), Kumar et al (1994). and Das (1999) were the main

contributors.

To examine the aspect of commercial banks efficiency, scope of its

instruments and the relationship between operating costs and inputs are chosen for

the period 1974-1980. Angadi (1983). in his study, employed considerably simple



method used to measure variations in efficiency at different levels of output and

also applicable to branch-level operations. In this study efficiency was measured in

terms of Degree of responsiveness of operative cost and its influence on

profitability of the banking. He found that, an individual bank could employ this

technique to assess the efficiency of a branch and to maintain certain level of

profitability.

Karkal (1983) measured the performance of Public Sector Banks regarding

its achievement of profitability for the period 1976-1978. The study concluded

that the public sector banks in rural areas are more profitable when compared to

the urban and metropolitan branches. Further, in the case of newly opened

branches, regardless of their location the chance of reporting losses in the initial

stages seem to be very high.

There are methodological issues certain in the measurement and

comparison of productivity levels in commercial banks at the aggregate level.

Subramanyam (1986). attempted to show that the four conventional measures of

productivity could be successfully adopted to do the job. It was emphasized that,

while inter-bank productivity levels may differ sharply, because of a) differences

in the speed of implementation of policy directives with administration flexibility.

b) differences in the potentialities of the lead bank schemes adopted in each bank.

c) differences in the potentiality of the regions, d) differences in attitudes of people

they serve, and e) practical responsiveness of the bank to the situations.

Subramanyam and Swamy (1994 a), studied the inter-bank differences in

the performance of public sector banks in India by using taxonomic method. It has



been found that ma°y banks indicate wide disparities in their measure of

performance, especially with differential weighing of individual indicators of

business activity. No bank has shown a measure of performance close to the ideal

performance of the respective group of banks. Almost every bank has never

attained ever 50% of efficiency in period (1971-73 and 1987-89).

For investigating the impact of management efficiency on output

performance of banks and also to account for output differences and input levels

between bank groups in terms of neutral and non-neutral technological parameters.

Subramanyam and Swamy (1994 b). adopted taxonomic method through simple

regression for the period (1974-76 and 1984-86). it was found that production

efficiency differences between the firms arise not only from technological

improvements but also from competence.

Bhaumik et al (1991) argued that private ownership of firms leads to better

performance. It has been argued that competition and hard budget constraints can

induce state owned firms to operate efficiently. In India banking sector reforms

were initiated in 1992-93. to entry of other firms through deregulation, which

helped in better firm performance. For the period 1995-96 to 2000-01. the study

suggested that ownership was no longer a significant determinant of the

performance. Induced by competition, public sector banks were able to eliminate

the performance/efficiency gap that existed between them and domestic private

and foreign banks.

To observe the profitability of public sector banks during 1992-98. Das

(1999) used sequential decomposition model. He was found that a reduction in the



burden of raising working funds in the post-reform period due to a gradual shift

away from the traditional banking, a distinct risk aversion indicated by the

preference for investment over advances in bank portfolios and increased

competition reflected in convergence in bank-wise performance. The above

studies have utilized composite index approach, principal composite analysis

approach, multivariate analysis approach, taxonomic approach, translog approach,

sequential decomposition etc.. to evaluate efficiency. But the various approaches

could not yield satisfactory results.

From the year 1985. the Data Envelopment Analysis (DEA) had been used

for measuring banking efficiency. For the first time Sherman and Gold (1985)

introduced DEA to banking, as a measurement of operating efficiency of different

banks, whose technique provides insights beyond those available from accounting

ratios analysis. DEA. a mathematical programming technique, provides useful

insights in locating inefficient units by explicitly considering different services

provided and the resources used. Bank managements find that the DEA analysis

provides useful insights that are not possible from other techniques; it focuses on

ways to improve productivity. The findings of the study suggested that DEA is

beneficial, and complements other techniques for improving bank/branch

efficiency.

After 1985. DEA has encompassed several aspects of the banking

efficiency. These includes bank branch efficiency, productive efficiency, frontier

efficiency, cost operating efficiency, efficiency in a situation of uncertainty,

efficiency in terms of bank regulator agencies, efficiency levels of the size of the

banks; Issues such as foreign bank entry, additional staff hiring, issue of service



level of efficiency with bank performance and productivity of benchmarking, issue

of relative efficiency with effects of credit union mergers. The relative

competitiveness of the banking industry, performance of target setting procedure,

productivity growth with Malmquist indices etc., have also been measured by

utilizing DEA.

There are a few studies, which have used the DEA technique. For the

banking sector in India. Those are Noulas and Katkar (1996). Das (2000). Saha and

Sankar (2000). Kumar and Verma (2002-03) and Battacharya et al (1997 b).

Shanmugam and Laxshmanswamy (2001). Mukerjee et al (2002). Sathye (2003).

Tapan and Sinha (2004). Mohan and Ray (2004).

To analyze scale and technical efficiency of public sector banks in India.

Noulas and Katkar (1996). adopted DEA and used cross-sectional data of 19 public

sector banks for the year 1993. It has been observed that overall technical

inefficiency was approximately 3.75% of which 1.5% due to pure technical

inefficiency and 2.25% due to scale inefficiency. Also, a majority of the public

sector banks were found to be operating under increasing returns to scale.

In the commercial banking sector. Battacharya et al (1997b) examined the

impact of partial liberalization during mid-eighties on the productive efficiency of

different categories of banks in India using DEA. The study reviewed 70

commercial banks for the period 1986-1991. and found that public sector banks

had the highest efficiency followed by foreign banks; private banks were found to

be least efficient. They also found a temporal improvement in the performance of



foreign banks, virtually no trend in the performance of private banks and a

temporal decline in the performance of public sector banks.

To estimate and compare various frontier efficiency measure of public

sector banks in India. Das (2000) used DEA. He observed that during 1998. public

sector banks had the scope of producing 1.23 times as much output from the same

inputs. The inefficiency of public sector banks stems from both technical and

allocative efficiency components i.e. the inefficiency was due to underutilization or

wasting of inputs as well as the incorrect choice of input combination in terms of

prevailing prices. The findings clearly stressed that public sector banks were less

efficient in dealing with the distribution of mobilized funds among competing

demands: and the study suggested that public sector banks have to concentrate on

business with the existing branches.

Saha and Sankar (2000) rated 25 public sector banks using DEA. Their

study confined to the period 1991-92 to 1994-95. It has been observed that barring

few exceptions. The public sector banks have in general improved their efficiency

score over the study period. Union Bank of India. UCO Bank. Syndicate Bank and

Central Bank of India were found to be at a lower end of the relative efficiency

scale. Also. Corporation Bank, Oriental Bank of Commerce. SBI. Canara Bank.

SBH, Bank of Baroda and Dena Bank were found to be consistently efficiency

bankers.

To measure efficiency and assess the robustness of the efficiency measures

using the data on domestic banks in India for the year 1999, Shanmugam

and Laxshmanswamy (2001). used three approaches namely, non-parametric

approach, stochastic frontier approach and random co-efficient approach. It has



been found that overall mean technical efficiency ranges between 52-80% in

different approaches. There is a high rank correlation among efficiency values

computed in different approaches had observed. The estimated results indicated

that the deposit is the dominant factor in determining the output of the banks in all

the models.

To explore technical efficiency and benchmark of the performance of 68

commercial banks. Mukherjee et al (2002) used DEA for the period 1996-99.

They found that in India public sector banks are more efficient than both private

and foreign banks. Also, the performance of public sector banks improved during

the study period. Besides these, publicly owned banks were rated uniformly in

terms of self-appraisal as well as peer-group appraisal.

To measure the productive efficiency of banks in India. Sathye (2003)

adopted the DEA technique. In this paper, two different modes have been

constructed to show how efficiency score vary with change in inputs and outputs.

The efficiency scores, for three groups of banks i.e.. public, private and foreign

banks are measured. The study showed that the mean efficiency score of Indian

banks compares well with world mean efficiency score and efficiency of private

sector commercial banks as a groups is. paradoxically lower that of public sector

banks and foreign banks in India. The study recommended that the existing policy

of reducing Non-performing Assets and rationalization of staff and branches may

continue to obtain efficiency gains and make the Indian banks internationally

competitive, which is a declared object of the Government of India.



Kumar and Verma (2002-03), had given the extent of technical efficiency

benchmarks and targets for Indian public sector banks using DEA model. It has

been observed that during 2001, the overall level of technical inefficiency in Indian

public sector bank industry was around 17%. It has the implication that public

sector banks had the scope of producing 1.21 times as much output from the same

inputs. Also, banks affiliated with SBI groups outperformed the nationalized

banks in terms of resource use efficiency. Besides, this, large banks are more

efficient than small and medium banks in utilizing the critical inputs in their

production process. The sensitivity analysis suggested that none of the frontier

banks are extreme and efficiency results are quite robust.

The worst performance on efficient frontier was recorded by the United

Bank of India, which was closely followed by Indian Bank and Indian Overseas

Bank. From target setting exercise, it has been observed that on an average.

approximately 52% physical capital. 22% staff. 21% loanable funds could be

theoretically reduced if all the inefficient banks operate at the same level as the

best practice banks. In an attempt to explore the relationship between efficiency

and profitability using "efficiency-profitability matrix* it has been observed that

about 63% of public sector banks have the potential for profitability increase

through efficiency improvements. The banking sector reforms were basically

aimed at ensuring the safety and soundness of financial institutions and at the same

time at making the banking system strong, efficient, functionally diverse and

competitive.

To find out how individual efficiency of banks operate in a different states

with a different variables correlate between different states for the years 1998-99 to



2001-2002, Tapan and Sinha (2004) took 29 state-wise distributed commercial

banks. They employed DEA with Malmquist for studying total factor productivity

change over a panel of 1999 to 2002. They found a high correlation between

efficiency of operating in the some states and banks are high correlate with

population density.

To measure the comparative performance among commercial banks using

physical quantities of inputs and outputs to compare revenue maximization

efficiency of banks during 1992-2000: Mohan and Ray (2004). employed the DEA.

They showed that public sector banks performed significantly better than the

private banks but no differently with foreign banks.

23 REVIEW OF STUDIES OUTSIDE INDIA:

In addition to the above studies, we also reviewed some selected foreign

studies. These studies will help us to understand various consequences and its

impact in banking industry and also useful for comparison of efficiency levels

between the nations: it is also useful to identify' the effects of the influence of

different reforms adopted in the banking industry.

Rangan et a! (1988) used DEA to measure the technical efficiency of US

Banks. Results indicated that the banks could have produced the same level of

output with only 70% of the inputs actually used. In addition, most of this

inefficiency is due to pure technical inefficiency rather than scale inefficiency.

Finally, regression analysis indicated that the technical efficiency of the banks is

positively related to size, negatively related to product diversity, and not at all

related to the extent to which branch banking is allowed.



To measure the operating efficiencies of a set of 20 bank branches of major

Turkish commercial banks offering relatively homogeneous products in a multi-

market business environment, Oral and Yolalan (1990) has employed DEA

method. The results of the study indicated that the kind of approach is not only

complementary to traditionally used financial ratios but also useful bank

management a tool in reallocating resources between the branches in order to

achieve higher efficiencies. It has also been observed that the service-efficiency of

bank branches were also the most profitable ones and this study suggested that the

existence of a relationship between service-efficiency and profitability will

improve operating efficiencies.

For the comparison regarding to the operational efficiency of individual

branches of a bank group Giokas (1991) adopted two different methods namely.

DEA and log-linear model, and examined whether operations in the bank branches

were conducted in regions of increasing, constant or decreasing returns to scale.

The DEA results suggest that increasing, constant or decreasing returns to scale

may be observed in different regions of the production function, where as the log-

linear model suggested that increasing returns to scale are in operation.

To examine large sample of banks of all sized productivity changes in the

US banking during 1984-1993. Wheelock et al (1994) used distance function

estimates to compute Malmquist indices of productivity changes, which they

decompose into indices of changes in efficiency and changes in technology. They

found that banks on an average with assets exceeding $300m became more

productive: while those with $300 m of assets became less productive. In most



years, banks in all size ranges experienced technical progress, but on an average,

taking into consideration the productivity, especially small banks experienced

decline in technical progress.

To compare technical efficiency of US banks measures derived from a

model of constraints. Mester (1995) used DEA. This study was based on the single

cost function model, and separate cost functions model: the distributions of the one

sided error terms on which technical inefficiency measures based on wider for a

single cost functions and the ranking of districts by the level of technical

inefficiency differ in size, geographic size and population of the distinct. They

found that the data rejected in the single cost function model and suggested it is

important to studying technical inefficiency to account for differences across the

markets in which banks are operating more generally, technical inefficiency has to

considered, by construction, a residual, it will be particularly sensitive to emissions

in the basic model.

Significant questions have been raised regarding the performance

/efficiency of the commercial banks in the late 1980s. Miller and Noulas (1994.

96) calculated the relative technical efficiency for 201 large banks from 1984 to

1990. They found that relative technical efficiency on an average had been just

over 5% for all the banks. Large banks and more profitable banks have more

technical efficiency. At the same time, however, larger banks are more likely to

operate under deceasing returns to scale. In addition, market power does not

significantly affect efficiency. Finally, holding bank size and profitability

constant, banks in the mid-east (north-east) are having significantly higher pure

technical efficiency in the later half of the 1980s.



Berg et al (1997), emphasized on the relative competitiveness of the

banking industries in three Nordic countries, by applying DEA to productivity on

the national and the pooled data sets. This analysis produced a detailed account of

how well banks from different countries and different sizes may be prepared to

meet the more intense competition of a European banking market.

Berger et al (1997) reviewed 130 studies that apply frontier efficiency

analysis to financial institutions in 21 countries. The primary goal of the study is

to summarize and critically review empirical estimates of financial institution

efficiency and to attempt to arrive at a consensus view. And the secondary goal is

to address the implications of efficiency results for financial institutions in the

areas of Government policy, research and managerial performance. They found

that the various efficiency methods do not necessarily yield consistent results.

They suggested that some of those methods might be improved to bring about

findings that are more consistent, accurate and useful.

Research on banks efficiency has been done in two separate streams:

Econometric studies and DEA, Resti (1997) used the two branches of literature on

a common panel of 270 Italian banks. The study suggested as follows i.e.. a)

efficiency scores shows a high variance, b) the banking system is split in two.

between northern and southern banks; c) there is a direct relationship between

productive efficiency and asset quality, and d) the efficiency of Italian banks did

not increase over the period 1988-1992.

To evaluate the relative cost and profit efficiencies of a panel of six

Singapore banks during the period 1992-96. Sing Fat and Guan Hua Lim (1998)



employed DEA. The average profit efficiency (83%) was found to be significantly

lower than average cost efficiency (95%). The mean profit efficiency is, however,

higher than the average banks in the US (64%) and Spain (72%). Regression study

was done using the modified efficiency scores. They found that percentage

changes in the prices of the bank shares reflect percentage changes in profit rather

than cost efficiencies (correlation co-efficient of 0.82 versus 0.32): it opens up a

new window for understanding share price fluctuations and it was to expect the

shareholders desire dividends, which are paid out of profits and not income.

To examine the performance of the target setting procedure employed by a

large financial institution in Spain and to evaluate the operating performance of its

branches. Lovell and Pastor (1998). began by evaluating the ability of the branches

to achieve the set target. They found that the list of target could be substantially

reduced without significant loss or distortion of information to bank management,

and the performance of branches on the basis of a reduced set of influential targets.

To investigate whether the productive efficiency of European banking

system has improved and converged towards a common European banks during the

period 1993 and 1997. following the process of EU legislative harmonization; And

also examine the determinants of European bank efficiency. Casu and Molyneux

(1998) employed DEA. Tobit regression model approach and to overcome the

dependency problems a bootstrapping technique is applied. Overall, the results

suggest that since EU's single market programme there has been a small

improvement in bank efficiency levels, although there is litter evidence to suggest

that these have converged. Efficiency differences across European banking

markets appear to be mainly determined by country specific factors.



To find out operating efficiencies, employee productivity, profit

performance and average relative efficiency for Australian trading banks from

1986 to 1995, Avkiran (1999) adopted DEA. Changes in banks market share of

deposits was explored as a means of determining the extent to which efficiency

gains are passed on to the public. Evidence from the merger cases studied,

supports the reports of others that acquiring banks are more efficient that target

banks. However, the acquiring bank does not always maintain its pre-merger

efficiently. He found that, decision-makers ought to be more reliable in promoting

mergers as a means to enjoying efficiency gains. There is mixed evidence on the

extent to which the benefits of efficiency gains are passed on to the public.

Parken and Ming-Lu Wu (1999) discussed an issue of hired additional staff

in the Hong Kong international investment bank. In anticipation of increased

business activity that eventually did not quite materialize and management was

concerned about the effect of that decision on the banks overall performance

profile. This paper summarized a study that carried out to address two related

questions using only the available data at the time: a) What is the direction of the

overall performance and trend, and b) how serious is the impact of the international

costs of hiring additional staff been on the banks overall performance? The

discussion focused on the construction of the banks performance profile using a

new performance measurement methods called operational competitiveness rating

analysis of DEA rating and profit scores to show the validity support among their

approaches as well as under scope their differences.



To examine the relative efficiency of 16 Australian credit union mergers for

the period June 1992- June 1997, Garden and Ralston (1999) adopted multiple

regression and applied to examine the impact of credit union mergers on technical

efficiency and allocative efficiency. The DEA frontier approach is used to provide

measures of technical efficiency and allocative efficiency. The results provide

statistical evidence thai on average, credit union mergers do not result in an

increase in technical efficiency or allocative efficiency relative to other credit

unions.

To explore productivity growth in a group of 201 large US banks over the

initial post-deregulation period i.e. 1984-1990, Mukherjee et al (2001). adopted

DEA with Malmquist indices and isolated the contributions of technical change,

technical efficiency change, and scale change to productivity growth. They found

overall productivity growth at the rate of about 4.5% per year on average, but

productivity declined by 7.61% in 1984 -1985 and 0.33% 1998-99. In their

analysis, second-stage panel regression reveals that larger asset size and

specification of product mix associate with higher productivity growth while

higher equity to assets associates with lower productivity growth.

Sathye (2001). investigated the technical efficiency in Australian banks,

where DEA has been used to arrive at the efficiency scores. Banks in this sample

were found to have low levels of overall efficiency compared with the banks in the

European countries and in the US. The results indicated, as a source of overall

inefficiency, the technical component was more important than the allocative

component. Thus, the inefficiency in Australian banks can be attributed to wasting

of inputs rather than choosing the incorrect input combinations. Domestic banks



were found to be more efficient than foreign banks. This study has important

implications such as guiding the government policy regarding deregulation of

mergers. Since this study pinpoints the sources of inefficiency, it would also help

banks with strategic planning.

Manandhar and Tang (2001. 2002) emphasized the existing studies on

efficiency of bank branches using a DEA technique. They have not considered

intangible aspects associated with resources inputs in the branches. The intangible

aspects of resource inputs in a branch characterize the effectiveness of service

delivery system in supporting efficient and quality service delivery to external

customers. In order to fill this gap. this paper developed a framework for

incorporating this aspect into a DEA framework in the form of internal service

quality. The study suggested that the simultaneous benchmarking of the

performance of bank branches along multiple dimensions of performance

considered are internal service quality, operating efficiency and profitability.

To estimate the indicators of commercial bank efficiency in a wide range of

transition countries. Griogrian and Manole (2002). employed DEA. and argued that

to fully asses the efficiency of commercial bank operations it is necessary to model

various types of functions performed by banks, and control the inputs necessary

provide a certain level of utility to owners and depositors. This paper also explains

the differences in efficiency between financial institutions and countries by a

variety of macro economic, prudential, and institutional variables. This paper is

able to provide some answers to a range of fundamental questions of the optimal

architecture of a banking system.



Jahanshahloo et al (2003) discussed many applications of DEA. The

existing models are designed to obtain a single efficiency measure. In many

situations, the units under considerations may perform different functions or can be

separated into different components. In this paper, bank branch efficiency is

analyzed using data from 31 bank branches in Iran. They found that various

efficiency methods do not necessarily yield consistent results and suggest some

ways that these methods might be improved about and that they are more

consistent, accurate, and useful.

Maggi and Rossi (2003) investigated the efficiency of European and US

commercial banks. Scale, scope and X-efficiency are derived from three cost

functions: They are Fourier flexible form, Translog and Box-Cox. This allows

checking the stability and the robustness of the evidence across the different

specifications. Their results over the period 1995-98 show that the overall average

cost curve is relatively flat with some evidence of scale efficiency gains. More

fuzzling are the results on the presence of scope economies.

To investigate the impact of foreign bank entry on banking efficiency in

Australia during the post-deregulation period 1988-2001. Sturm and Williams

(2004) employed DEA. Malmquist indices and Stochastic frontier analysis. They

found foreign banks are more efficient than domestic banks, which however did

not result in superior profits. Major Australian banks have used size as a barrier to

new entrants. Furthermore, bank efficiency has increased post-deregulation period

and the competition resulting form diversity in bank types was important to prompt

efficiency improvements. Finally, the recession of the early 1990s resulted in a

distinct shift in the process of efficiency changes.



2.4. CONCLUDING REMARKS:

From the above all studies, DEA has been used for various issues in the

banking efficiency. Earlier scale and scope efficiency were only examined but with

the implementation of DEA. one can examine other differences also, such as bank

branch efficiency, productive efficiency, frontier efficiency, scale, scope and

technical efficiency, cost efficiency in situation of uncertainty, efficiency in terms

of bank regulator agencies, operating efficiency, efficiency levels of larger and

smaller sizes of the banks. The issue of foreign bank entry, issue of additional staff

hiring, performance and productivity of benchmarking, issue of service level of

efficiency with bank performance, relative cost and profit efficiency, relative

efficiency with effects of credit union mergers can also be studied. Productivity

growth with Malmquist indices, relative competitiveness in banking industry,

performance of target setting procedure employed by a large financial institutions,

managements and performance of efficiency between financial institutions in

transition countries have been found.

In the above studies there are a number of limitations in the methodology

aspect and measurement issues, which are not fully satisfied i.e.. Basically in

Indian studies, they were not looking in the deeper stage of banks efficiency in

terms of using the new techniques, different committee's considerable

recommendations and they were not include present banking position such that

studies would raise many questions regarding to efficiency of banks in India.



INDIAN STUDIES AT A GLANCE

S.No

I

2

3

4

5

Authors

Divitia and
Venkatachalam
(1978)

Subramanyam

Angadi(1983)

Karkal(1983)

Subramanyam

Focus of the Study

Banks Performance

Measuring total Factor
Productivity

Commercial Banks
efficiency and scope for its
instrument

Profitability of the Public
Sector Banks

Comparison to inter- bank
productivity in commercial
bank

Technique Used

Composite Index.
Factor Analysis

Index number approx

Degree of
Responsiveness of

operative cost

-

Four measures i.e,
Kcndrik. Solow, Domar

and Tinbegan

Sample Period
and Data

1969-76

-

TFC.TA,
Deposits. Credit

1974-1980

1979-1978

-

Conclusions and Findings

The assessment of operational
efficiency at a more disaggregate
level and in terms of homogeneous
groups, seems more realistic and
meaningful
Divisia index is shown to be
preferable over Laspayers index for
the measuring total factor
productivity.
This method can be used for an
individual bank to assess the
efficiency of branch and to maintain a
certain level of profitability.
The number of rural branches
increased in profit making in case of
PSBs it was declined for urban and
metropolitan branches.
Inter-bank productivit\ levels may
differ sharply, because of

1. differences in the speed of
implementation of polices

2. differences in the
potentialities of the led bank
schemes

3. differences in the potential of
the regions.

4. differences in the attitudes of
the people they serve

5. practical situation of
involvement.
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6

7

8

9

10

11

Subrainanyam and
Swamy (1994a)

Das and Sarkar (1994)

Subramanyam and
Swamy (1994 b)

Hansda(l995)

Das(1999)

Noulas and Katkar
(1996)

Inter-bank differences in
the performance of PSBs

Efficiency of the Banking

Impact of management
efficiency output
performance of banks

Relative performance of
public sector banks for the
period of post-
liberalization

Inter-bank variability of
profitability among PSBs

Technical and scale
efficiency of 18 PSBs

Taxonomic Method

Composite Index

Taxonomic Method
through simple

regression

Composite Index and
Principal Component

Analysis

Sequential
Decomposition model

DL:A

1971-72 and
1987-89

Productivity.
Profitability, FM

for the years
1994-95

1974-76 and 84-
86

LP, BP. 1 M.
Profitability and
Growth for the

period 1991-92 to
1993-94

1992-98

1993

Many banks indicates wide disparities
in their measure of performance and
on bank has shown close to ideal
performance of the respective groups
of banks.
Among Indian Private banks, the
nature of operation and inter bank
differences wider than the PSBs

Production efficiency differences
between firms arise not only from
technological improvement but also
form competence.
In pre-liberalization phase, the
banking functions are more or less
uniform. However, the significant
change observed in 1991-92 and
suggested that organizations, culture
and quality management has a
significant sharing on the relative
performance of banks
A reduction in the burden of raiseing
working funds due to gradual shift
among from traditional banking,
distinct risk aversion in the post-
reform period.
PSBs are operating under increasing
returns to scale i.e. overall technical
efficiency was 3.75% of which 1.5%
due to pure technical inefficiency and
2.25% due to scale inefficiency.
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12

13

14

15

16

Das(2000)

Satan and Ravisankar
(2000)

Kumar and Verma
(2002-03)

Battacharya et
al(l997)

Shanmugam et al
(2001)

Compare various frontier
efficiency of PSBs

Efficiency ratings to the
PSBs

Technical benchmarks and
targets for PSBs

Impact of partial
liberalization during mid-
eighties on the productive
efficiency of different
categories of commercial
banks

Efficiency and assess the
robustness of domestic
banks

DEA

DEA

DEA. CCR Model

DEA

DEA. SFA and Random
coefficient approach

Deposits,
borrowing, staff,

spread,
commission,
exchange and

brokerage

1991-92 to 1994-
95

Capital. Labour,
loanable funds.
Spread. Interest

income

1986-91

1991. output.
Deposit,

borrowings and
labour

During 1998. PSBs had the scope of
producing 1.23 times of much output
from the same inputs. The
inefficiency was due to
underutilization of wasting of inputs
as well as incorrect choice of
combination in terms of prevailing
prices
The PSBs have improved their
efficiency score over the study
period. Corporation bank. Oriental
bank. Bank of Commerce. SB1.
Canara bank. SBH, Bank of Baroda
and Dena bank were found to be
consistently efficiency banks.
It has the implication that PSBs had
the scope of producing 1.21 times as
much output from the same inputs.
Larger banks are more efficient than
small or medium banks in their
production in utilizes the critical
inputs in their production process.
PSBs had the highest efficiency
followed by foreign banks, private
banks were found to be least efficient.

Overall mean technical efficiency
ranges between 52-58% in different
approaches. They found that, deposit
is the dominating the output of the
banks in all models.



17

18

19

20

Mukherjee el al
(2002)

Sathye (2003)

Tapan and Sinha
(2004)

Mohan and Ray
(2004)

Technical efficiency and
benchmark of the
performance of 68
commercial banks

Productive efficiency of
banks in India

Investigate how states
offers efficiency of banks
and other variables

Comparison performance
of banks among
commercial banks

DEA

Dl A

DEA with Malmquist
indices

DEA

1996-99

-

1998-99 to 2001-
2002

1992-2000

PSBs are more efficient than both
private and foreign banks. PSBs
were rated uniformly in terms of self-
appraisal as well as peer-group
appraisal.
PSBs are more efficient, followed by
foreign banks, private banks listed in
least efficiency banks. He
recommended, the existing policy of
reducing NPAs and rationalization of
staff and branches may be contributed
to obtain efficiency gains and make
the Indian banks internationally
competitive.
There is a high correlation between
efficiency of operation in the same
states i.e. the states which top in one
year is also tends to be at the top in
other years. It has been found that
banks are high correlate with
population density.
PSBs performed significantly better
than the private, but no difficulty in
foreign banks.
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FOREIGN STUDIES AT A GLANCE:

S.No

1

2

3

4

5

6

7

Author

Sherman and
Gold (1985)
Parkan(l987)

Oral and
Yolalan(l990)

Vassiloglou and
Giokas(l990)

Giokas(l99l)

Berg et al
(1993)

Miller and
Noulas(I994,
96)

Country
of study

USA
(14)
Canada
(35)

Turkey
(20)

Greece
(20)

Greece
(17)

Three
Nordic
Countries

USA

Focus of the Study

Using DEA for banking

To measure efficiency

To measure operating
efficiency relating
homogeneous products in
multi market products
1 o measure efficient

Comparison regarding
the operational efficiency
of individual branches
regarding to CRS or DRS
Relative competitiveness
of the banking industry

Significant difficulties in
1980's in banking
performance &
Efficiency

Method
Adopted

1)1 A

DEA

1)1 A

DEA

1)1 A

DEA

DEA

Sample period and Data

Labour, expenses, space.
Number of transactions
Labour, expenses, space,
rent, terminals. Number of
transactions. customer
response, error corrections
Labour, terminals, number
of accounts. credit
applications . Number of
transactions
Labour, supplies .floor
space, computer terminals.
Number of transactions
Labour, expenses, rent,
Number of transactions

1984-990

Concluding results and findings

Successfully used DEA in banking for
measure efficiency

They found that service-efficient bank
branches are most profitable units

IRS, CRS or DRS may be observed through
DEA. where as loglinear model suggested IRS
to its operation

Banks from different countries and different
sizes may be prepared to meet the more
intense competition of a European banking
market.
Market Power does not significantly affect
efficiency.
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8

9

0

1

3

4

Sherman and
Ladino(1995)
Berger et al
(1997)

SchafTnit et al
(1997)
Andera Resti
(!997)

Bhattacharya,
Love II and
Saha\ ( l ( " ' 7 ,
SchafTnit.
Rosen and
Paradi(1997)

USA (33)

21 countries

Canada

Italy

India (74)

Canada(291)

Critical review on
empirical estimates of
financial institutions

Performance of
branch level banking
Efficiency of banks
on a common panel of
270 banks

DEA

Various frontier
analysis

1)1 \ \K
(Assurance Region)
DEA, Econometric
studies

1)1 A

DEA

Labour, expenses, rent. Number
of transactions

Personal Salary. Cost

1988-92

Interest expense, operating
expense. Advances, deposits,
investments
Personnel (Teller. typing,
accounting, supervision, credit) .
Transact ions(unmter
transactions. counter sales,
security transactions, deposit
sales, commercial loan sales,
personal loan sales).
Maintenance(commereial and
personal loan accounts)

More variables has need to
measure efficiency.
Various efficiency methods
do not necessarily yield
consistent results. DEA is
find significantly more
efficient.
-

i) efficiency score show a
high variance, ii) their is
direct relationship between
productive efficiency and
asset quality. iii) the
efficiency of Italian banks
did not increase efficiency
levels.
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15

16

17

18

19

Sing Fat et
al(199H)

Love II and
Paster
(1998)

Casu and
Molyneux
(1998)

Avikiran
(1999)

Garden
and
Ralston
(1999)

Singapore

Spain

Europe

Australia
Trading
banks

Australia

Relative cost and profit
efficiency

The performance of the
target setting procedure.
Operating performance of
bank branches
Investigate whether the
productive efficiency of
European banking has
improved and coverage
towards a common
European frontier
Efficiency of banks

The impact of credit union
mergers on X-efficiency and
allocative efficiency

DEA

DEA

DEA. Tobit
regression
model

1)1 A

DEA

1992-96

1993 and 1997

Operating efficiency,
employee
productivity, profit
1986-1995
June 1992 - June
1997

Average profit efficiency was found to be
significantly lower than the cost efficiency. The
percentage changes in prices of the bank share
reflect percentage change in profit rather than cost
efficiency.
Targets can be substantially reduced without
significant loss or distortion of information to bank
management: and performance of branches on the
basis of a reduced set of influential targets.
EU's single market programme, there has been a
small improvement in bank efficiency levels: and
found that, there is a little evidence that EU banks
are converged.

Decision makers ought to be more reliable in
prompting mergers as a means of enjoying
efficiency gains.

Credit Union mergers do not result in an increase in
X-efficiency or allocative efficiency related to other
credit unions
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20

21

22

23

Manandhar
and Tang
(2001,02)

Mukherjee
et al (2001)

Sathye
(2001)

Griogorian
and Manole
(2002)

USA
Commercial
Banks

Australia

Transition
Countries

Reviewing the
existing studies on
efficiency
evaluation of bank
branches
Productivity
growth for a group
of 201 large banks

X-Efficiency

To finding out
indicators of
commercial banks
efficiency

DEA

DEA. Malmquist
Index

DEA

1)1 A

Service quality, operating
efficiency, profitability

|»XI-|<)<>(>

Simultaneous bench marking of
the performance of bank
branches along multiple
dimensions.

Overall productivity declined
over the period, larger asset size
and specification of product mix
associate with higher
productivity, growth wile higher
equity to assets associates with
lower productivity growth.

The banking varying X-
efficiency rather than al locative
efficiency. Domestic batiks were
found more efficiency than
foreign banks

Prudential tightening on the
efficiency of banks, policy
actions, i) tighter minimum CAR
are associated with stronger
revenue, ii) relatively lack of
foreign exchange exposure limits
doing better than those in
countries with tighter policies
and iii) single borrower related
limits do not effect bank
performance in a statistical
manner.
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24

25

>6

Jahanshahloo
et al(2003)

Maggiad
Rossi (2003)

Strum and
Williams
(2004)

Iran

European and
USA banks

Australia

Bank branch
efficiency in various
existing studies
Scale and Scope
economic indicators,
X-efflciency

Impact of foreign
bank entry on
banking efficiency in
period of post-
deregulation

DEA

Fourier flexible
form. Translog,
Box-Cox

1 )l A. M;ilim|tiist
index, stochastic
frontier analysis

1995-98

1988-2001

Various efficiency methods
do not necessarily yield
consistent.
Overall average cost curve is
relative flat with some
evidence of scale efficiency
gains.
foreign banks are more
efficient than domestic banks,
which however did not result
in superior profits. Bank
efficiency has increased n
post-deregulation and the
competition results from
diversity in bank types was
important to prompt
efficiency improvements.
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CHAPTER III

METHODOLOGY

3.1. INTRODUCTION

The efficiency is a broader concept it involves optimally choosing the

levels, and mixes of inputs and/or outputs. The economic efficiency implies both

technical efficiency and allocative efficiency.

The overall bank efficiency can be decomposed into scale efficiency, scope

efficiency, pure technical efficiency, and allocative efficiency. The bank has the

scale efficiency when it operates in the range of constant returns to scale (CRS).

Scope efficiency occurs when the bank operates in different diversified locations

when the bank maximizes the output from the given level of input, pure technical

efficiency occurs. Technical efficiency is the major method that to measure

efficiency. Allocative efficiency happens when the bank choosing revenue

maximizing mixes of outputs. Theoretically, a bank is fully efficient if it produces

the output level and mix that maximize profits and minimize possible costs.

However, in reality, most banks are not fully efficient.

There are many sources of inefficiency in the banking industry. Most of

the sources for inefficiencies are caused by inappropriate operation i.e, excessive

use of labour in branch offices, and financial inefficiency, such that excessive

interest paid for funds.

Technical efficiency is defined a ratio of minimum costs that could be have

expended to produce a given output bundle to the actual costs expended.



Technical efficiency variance between 0-100% and it includes both technical and

allocative inefficiency, or errors that result in general oversees of inputs and

allocative inefficiency, or in choosing on input mix that is consistent with relative

prices.

There are four types of technical efficiency estimations based on different

assumptions. They are Data Envelopment Analysis (DEA). Stochastic Frontier

Approach (SFA), Thick Frontier Approach (TFA), and Distribution Free Approach

(DFA). They differ from one another on the basis of the arbitrary assumptions

used to disentangle efficiency differences form random error using a single

observation for each firm. WE can separate those approaches into two categories

based on the parametric and non-parametric.

• Parametric approaches - SFA. TFA. DFA

• Non-parametric approaches - DEA

For the present study, we have using non-parametric approach i.e.. Data

Envelopment Analysis for measuring efficiency of banks in India.

3.2 THEORETICAL UNDERPINNINGS:

Consider a firm employing n inputs x = (^l JcnY available at fixed

prices ws(wl M S ) > 0 . TO produce a single output y it can be sold at fixed

price p>0. Transformation effect of inputs into output is characterized by the

production function f[x). which shows the maximum output obtainable from

various input vectors. Under certain regularity conditions an equivalent

representation of efficient production technology is provided by the cost function



c(y, w) T min „ {w1 x/f(x) > y, x > 0}, which shows the minimum expenditure

required to produce output y at input prices w. A vector of cost minimizing input

demand can be obtained by means of Shepherd's lemma as x(y,w) = vyic{y,w),

provided vuc(y, w) exists. Under certain regularity conditions a third equivalent

representation of efficient production technology is provided by the profit function

/r( p. M) • max, , [py - W x/f(x) > y. x > 0, y > 0\. which shows the maximum

profit available at output price p and input prices w. A vector of profit maximizing

output supply and input demands can be obtained by means of Hotelling's lemma

as y(p*M) = xp(p,M), x(p,M) = -v.^( /? , w). provided the derivates exist.

Let us now suppose that the firm is observed at production plan (y°. x°).

Such a plan is said to be technically efficient ify"=f(x"). and technically

inefficient ify" < f(x"), here an assumption that y" > f(x") to be impossible.

One measure of the technical efficiency of this plan is provided by the ratio

0 :£ y" /f(x°) < 1. Technical inefficiency is due to excessive input usage, which is

costly, and so w'x" >c(y",w). Since cost is not minimized, profit is not

maximized, and so py" - w'x" < n(p. w).

The plan (y°. x") is said to be allocatively efficient

if/, (x° )/fl (x") = wt jwt . and allocatively inefficient if / , (xn )/f/ (x") * w, JM^ ,

assuming the function to be differentiable . Allocative inefficiency results from

employing inputs in the wrong proportions, which is costly, and so



w'x" >c(y",w). Since cost is not minimized, profit is not maximized, and so

(py" -wx")<rc(p,w).

It follows that observed expenditure w'x" coincides with minimum cost

c{y",\*') if and only if. the firm is both technically and allocatively efficient. If

w'x" > C ( V " , M ) . this difference may be due to technical inefficiency alone.

Allocative inefficiency alone, or some combination of the two. It also observed

that, input usage x° coincides with cost minimizing input demand x(y" .w) if and

only if, the firm is both technical and allocatively efficient. A combination of

technical and Allocative inefficiency causes x" >jc((>".M)for at least some

inputs, but may cause x° < x (y". w) for some other inputs.

A combination of technical and allocative efficiency is necessary but not

sufficient for(/n" - wx") = n(p.w). Necessity is obvious: the combination is not

sufficient because the firm could still be scale inefficient. A firm is said to be scale

efficient if p = cy(y", w). and it is said to be scale inefficient when p * cy(y°\w).

It follows that py" -w'x" =jr{p.w) if and if only, the firm is technically,

allocatively and scale efficient. If py" - M ' X " <n{p. w). this combination may be

due to any combination of the three types of inefficiency. It also follows, observed

that output supply y* and input usage u° coincide with profit maximizing output

supply y(p, w) and input usage x(p, w) if and if only, the firm is technically,

allocativelv and scale efficient.



3.3 DATA ENVELOPMENT ANALYSIS:

As Farrell (1957) originally argued, information concerning the frontier and

the relative efficiency of DMUs has many policy implications. He provided

definitions and a computational framework for both technical and allocative

inefficiency.

Farrell's approach is non-parametric in the sense that he simply constructs

the free disposal convex hull of the observed input-output ratios by linear

programming techniques: this is supported by a subset of the sample with the rest

of the sample points lying above it. As case with non-parametric approach, the

"estimated" frontier is supported by a subset of the data and is therefore extremely

sensitive to outliers.

Farrell also argued that while attempts to solve the problem usually

produced careful the measurements of the multiple inputs to satisfactory overall

measure of efficiency. Responding to these inadequate of separate indices of

labour productivity, capital productivity etc.. Farrell proposed an activity analysis

approach that could more adequately deal with the problem. His measures were

intended to be applicable to any produce an organization: in his words. "

from workshop to a whole economy".

Farrell approach has been extended and applied by Farrell and Fieldhouse

(1962), Seitz (1970. 71). told (1971). Afrait (1972). Dugger (1974) and Meller

(1974). The principle advantage of the approach is that no functional form is

imposed on the data. The principle disadvantage is that the assumption of constant

returns to scale is restrictive, and its extension to non-constant returns to scale



technologies is cumbersome. A second disadvantage of the approach is that the

frontier is computed from a supporting subset of observations from the sample, and

is therefore particularly susceptible to extreme observations and measurement

error.

To fill the gaps in the FarrelPs approach. Charnes et al (1978) originally

introduced DEA. and various researchers have developed it over throughout the

years. Two basic models are CCR (Charnes. Cooper and Rhodes. 1978). BCC

(Banker. Charnes and Cooper. 1984). However, there are numerous models and

selection of an appropriate model depends on the nature of production technology.

In general, these models differ in their orientation (input, output), disposability

(strong, weak), diversification and returns to scale (CRS. LRS. DRS). types of

measure (Radial measure, non-radial measure. Hyperbolic measure) etc..

The non-parametric method initiated as Data Envelopment Analysis (DEA)

by Charnes. Cooper and Rhodes (1978. 91) builds on the individual firm

evaluation of Farrell. and extends the emerging ratio approach to efficiency

measures from a single-input/output efficiency analysis to multi-input/output

situations. In contrast to preceding parametric approach. DEA does not require

any assumptions about the functional form: the efficiency of a Decision Making

Unit (DMU) is measured relative all other DMUs with the simple restriction that

all DMUs lie on or 'below' the efficiency frontier.

DEA is a methodology directed to frontiers rather than central tendencies.

Instead of trying to fit a regression plane through the center of the data, one "flats"

a piecewise linear surface to rest on top of the observations. Because of this



unique perspective, DEA proves particularly adept at uncovering relationships that

remain hidden for other methodologies.

DEA is a tool for evaluating relative efficiency since it first identified units

on the efficiency frontier and then compares other units, input-output relationship

with those of the frontier. It allows to rank units according to their technical

efficiency scores and to single out the driving forces, for inefficiencies.

DEA, a mathematical programming technique, provides useful insights in

locating inefficient units by explicitly considering the mix of services provided and

the resources used to provides these units. DEA is able to locate inefficient units

more powerfully when the number of units in the study exceeds the number of

outputs and inputs included in the data set.

Classification of the DEA efficiency measures identified the inefficient

DMUs with some positive primal slacks. Sensitivity analysis of the DEA

efficiency measures showed that the extreme efficient (Thamson et.al (1997). DEA

assigns a score to each production unit (DMU) considered in the analysis such

score indicates whether the unit is efficient or not. For inefficient units, it also

identifies a hypothetical unit as the target and thus suggests improvements to their

efficiency. However, for efficient units no further improvement can be indicated

based on a DEA analysis. Nevertheless, it is important for management to indicate

targets for poorly represented in the data set (Siwlati ei.al (2003).

The next section is on introduction to the foundations of the basic DEA

models. Details on Charnes. Cooper and Rhodes (CCR). 1978. and Banker



Charnes, Cooper (BCC), 1984 models are provided along with a short discussion

on some to the extensions of the models.

3.3.1 CHARNES, COOPER, RHODES (CCR) MODEL

Introducing the Charnes. Cooper, and Rhodes (CCR) [1978.1979.1981]

ratio form of DEA.

This model is designed to evaluate the relative performance of some

decision making unit (DMU). designated as DMIV and based on observed

performance of j=l,2, n DMUs. A DMU is to be regarded as an entity

responsible for converting inputs into outputs.

The yrj,*^ in the model are constants which represent observed

amounts of the rth output and the i* input of the /4h decision making unit which we

shall refer to as DMU, in a collection ofy = 1. . . . ;n entities which utilize these i

= 1.2 m inputs and produce these r= 1.2 s outputs. One of the



j=l,2, ,n DMUs is singled out for evaluation, accorded the designation DMUo,

and placed in the functional to be maximized in (1) while also leaving it in the

constraints. It then follows that DMUo's maximum efficiency score will be

/7 0 < 1 by virtue of the constraints.

The £ > 0 in equation (1) represents a non-Archimedean constant which

is smaller than any positive valued real number. Hence, it need not be specified

explicitly. We therefore turn to other topics as follows.

The numerator in equation (1) represents a set of desired outputs and the

denominator represents a collection of resources used to obtain these outputs. This

ratio results in a scalar value similar to ratio forms often used in accounting and

other types of analyses. The value /?0 obtained from this ratio satisfies 0 < ii^ < 1

and can be interpreted as an efficiency rating in which /^ = 1 represents full

efficiency and h^ <1 means inefficiency is present. The star (*) indicates an

optimal value obtained from solving the model. Furthermore. /^ is invariant to the

units of measure used for the input and output variables.

Also, note that no weights need to be specified a priori in order to obtain

the scalar measure of performance. The optimal values Kr,v- may be interpreted

as weights when solutions are available from the equation (1). But. they are

determined in the solution of the model and not a priori. To emphasize differences

from more customary (a priori) weighting approaches, the wr,v, values secured by

solving the above problem are called virtual multipliers and interpreted in DEA so



As can be observed from equation (1). this j s the highest rating that the

data allow for a DMU. No other choice of ur and v* can yield a higher /i* and

satisfy the constraints. These constraints make this a relative evaluation with

= 1; for some j as a condition of optimality

Similar efficiency evaluations can be obtained for each of the j*=i n

DMUs listed in the constraints of equation (1) by according them the same

treatment, i.e. positioning them in the functional as DMUo. one by one. while also

leaving them in the constraints.

These efficiency ratings are more than just index numbers, which indicate

ranking of DMUs based on their efficiency. The value of h^ has operational

significance in that ]-hf) provides an estimate of the inefficiency for each DMUo

being evaluated. Carried further, as shown below, this characterization makes it

possible to identify the sources and amounts of inefficiency in each input and

output for every one of the DMUs being evaluated.



When the stars (*) indicate that these ur and vt values are optimal, and

hence, make hn maximal for DMUo. the DMU being evaluated. In addition.

k € K indicated the subset of DMUs that have attained the value of unity, which

is the maximum value, allowed by the constraints. Note that these k € K DMUs

have attained the value of the unity with the same ur. v; which are best for

DMUo.

UsingU ,V to represent vectors with components w r. v, which are

optimal for DMUo in equation (1). we observe that such a choice will not give

h^ = \ unless DMUo is also in the set k e K. If /?(*<1. then DMUo will be

characterized an inefficient relative to the set of DMUs in equation (2) which

obtain 100% efficiency with these same U , V values. In other words. DMUo is

rated relative to an efficient subset of DMUs in general, different efficient subsets

being utilized for the wanted efficiency ratings as different DMUs are brought into

the functional of equation (I) for evaluation.

It should be emphasized that the orientation of DEA is generally toward

relative efficiency as determined by the above optimization applied to the data.

Thus, for any DMUo being evaluated, the optimization implies that the evaluation

will be effected by reference to the subject of j=l ,n. DMUs for each



TRANSFORMATION TO LINEAR PROGRAMMING FORM:

The problem in equation (1) would be computationally intractable if

addressed directly. Fortunately, the theory of fractional programming, as first

given in Chames and Cooper (1962) makes it possible to replace equation (1) with

an equivalent linear programming. The transformation to accomplish this can be

found in Chames. Cooper and Rhodes (1978). Here they simplified the following

as a transformation problem.

• (3)

The first set of j = 1.2 n constraints in equation (3) come from the

less-than-or-equal to unity requirements in equation (1) while ur. v > e > O.Vr, I,

come from the non-Archimedean conditions in equation (1). Also, y\v,xm =1

guarantees that is possible to move from equation (3) to equation (1). as well as

from equation (1) to equation (3). Finally, the theory of fractional programming as

given in Chames and Cooper (1962) insures that



where the stars (*) indicate optimal values in equation (1) and equation (3)

respectively.

The formulation in equation (3) provides contact with economics. This is

accomplished by interpreting equation (3) so that the objective is to maximize

virtual output subject to virtual input while maintaining the condition that virtual

output cannot exceed virtual inputs for any DMU. As noted in Charnes et al

(1985), it implies that the conditions for Pareto (or) Pareto-Koopmans optimality.

as they are called in economics, are fulfilled since further increases in this maximal

value can be attained only if some of the input value x(/ are increased or if some of

the output values yn are decreased.

Since equation (3) is a linear program, it has dual which can be represented

as follows:

0 < Ars~,s*\/i.r,jand0 is unrestricted in sign.

It is from equation (3) that the name data envelopment analysis is derived.

Note mat any admissible choice of X, provides an upper limit for the outputs and a

lower limit for the inputs of DMUo and against these limits 9 is tightened with A*.

s,~", 5**2:0 representating optimizing choices associated with minimize 6-0'.



The collection of such solutions then provides an upper bound which envelopes all

of the observations, and hence, leads to the name Data Envelopment Analysis.

Recalling that x,0, fm are represented in the constraints as well as the

functional in equation (1), it is clear that eqi^ation (5) always has at least the

solution 0 = 1, \ = 1 and all other X , s~', s* *=0 when DMUo is the DMU under

evaluation. It follows than an optimum will be attained with O<0' <1 . Because

equation (5) has a finite optimum, the duality theory of linear program gives as

follows:

Note that 0' = 1 does not imply ^ = 1 unless also s*', s~* = 0 V i and r.

That is. all slack must also be zero in equation (6). Conversely, s*'. s~' = 0 V r

and i does not imply ^ = 1 unless 0' = 1. In other words, it is necessary to have

both 0' - \ and zero slack for efficiency or. conversely, fy' = 1 implies 0' = 1 and

all slack equal to zero in an optimum solution to equation (1) in order for DMUo to

be characterized as fully efficient via DEA. Therefore. ^ = 1 , if and only if.

DMUo is also efficient.

33.2 BANKER, CHARNES AND COOPER (BCQ MODEL:

Another version of DEA is in common use in BCC (1984) model. The

primary difference between this model and the CCR model is the treatment of



returns to scale. The CCR model is the treatment evaluation of constant returns to

scale. The BCC version is more flexible and allows variable returns to scale.

Following is the equivalent of equation (5) for the BCC formulation

0 < AJ, 5,", s*. V i, r and j .

Main difference between CCR and BCC model i.e. equation (5) and

equation (7) is that the As are now restricted to summing one. This has the effect

of removing the constraint in the CCR model that DMUs must be scale efficient.

Consequently, the BCC model allows variable returns to scale (VRS) and measures

only technical efficiency for each DMU. That is. for a DMU to be considered as

CCR efficient it must be both scale and technical efficient. For a DMU to be

considered BCC efficient, it is only need to be technically efficient.

The separate evaluation of returns to scale in the BCC model is more

evident in the dual to equation (7) which we write as follows:



In this model, the u"u indicates the returns to scale possibilities. An M<* <0

implies local increasing returns to scale. If w^K). this implies local constant

returns to scale. Finally, an w(*>0 implies local decreasing returns to scale. Note

that the CCR model previously discussed simultaneously evaluates both technical

and scale efficiency in the aggregate. The BCC model, however, separates the two

types of inefficiencies in the envelopment model (model 7) and scale inefficiencies

in the dual to (7) (model 8)-

DEA has been validating through a variety of means such as observations,

simulations, and hypothetical data sets with known efficiencies and inefficiencies.

3 J J DATA ENVELOPMENT MODEL EXTENSIONS:

Since the initial development of DEA by CCR in 1978. there have been

several variations of the model developed in response to new and varied needs.

The intent here is to discrete some of these models and what they were designed to

do. We have given extensions of DEA model is as follows:



A. ADDITIVE MODEL: The concepts of the additive model were first introduced in

Charnes et al (1985) and elaborated on in Banker et al (1989). The additive model

formulated is as follows:

0 < Af, J~, 5* V i. r and j .

The formulation corresponds to the BCC envelopment version of DEA.

Another version of the additive model which corresponds to the CCR formulation

model, can be created by omitting the ]T* , condition in the above equation. The

difference between this additive model and BCC version is that the 0

(proportional amount of inefficiency) is dropped from the model and all

inefficiencies are captured in the slack values (s* and S~). Thus, the only test for

efficiency is whether all slacks are zero.

A DMU. which is efficient for the BCC model, will also be efficient for the

additive model and vice versa (Ann et al, 1988). However, when a DMU is

inefficient, the sources and amounts of inefficiency may differ for the two versions

of the DEA model because of the different metrics used in accomplishing the

efficiency evaluation.



B. MULTIPLICATIVE MODEL: The models previously discussed (i.e., CCR,

BCC and Additive) prescribed an additive combination of outputs and inputs.

Charnes et al (1983, 82) present a multiplicative combinational method. The

primary difference between this model and the other models is that the virtual

outputs and virtual inputs are formed multiplicatively instead of additively. That

is, the summation sign QT ) can replaced by a product sign ( n ) in the above

models equations. The Y and X vectors of outputs and inputs are logarithms. The

result is that the frontier is piece-wise log-linear (Cobb-Douglas type) rather than

piece-wise linear as is the case for the CCR. BCC and other models. Like the

additive model, the multiplicative model identifies inefficiencies only through

slack values and no intensity or proportional variable (i.e., 6) is involved.

c. MEASURES OF EFFICIENCY DOMINANCE MODEL: The CCR. BCC and

other DEA model allow the comparison of an organization (not an the frontier) to a

linear combination of entities that are on the frontier. In some cases, however, it

may be desirable to restrict comparisons to actual organizations instead of linear

combinations of organizations. As shown in Bardhan et al (1996). one way of

doing this is to modify' the continuity assumption in the BCC and CCR models.

The result is a bi-valency variant of the DEA additive model, which Bardhan et al

refer to as a Measure of Efficiency Dominance (MED).

D. ASSURANCE REGION AND POLYHEDRAL CONE-RATIO MODELS: Charnes

et al (1990) point out that the construction of an empirical production function may

be flawed. It may inadequately represent what is actually possible, or the results

can reflect efficient, input and output values that DMU margins might consider to



be outside the range of realistic possibilities. To overcome this problem, two

models have been developed which restrict the value that the virtual weights may

attain and thereby, limit the range of acceptable of inefficiency of beings two input

units and two output units.

One approach is the Assurance Region approach which, was first presented

in Thomson et a I (1986) and further defined in Thomson et al (1990). The

Assurance Region (AR) model provides lower and upper bounds on the admissible

values of variable. These bounds take the following form:

Here. v r 0 . wl0 represent dual variables which serve to establish the upper and

lower bounds represented by ar. /3r and St, yt for the dual variables associated

with each output and input and aro, Pro. Sm. yio =1.

Assurance Regions are a Special case of Polyhedral Cone-Ratios as

described in (Thames et al (1990). The Polyhedral Cone-Ratio variation of the

DEA model also restricts the ranges of relative valuation of inputs or outputs based

on the preferences of managers about the relative importance of different factors

and what determines best practice. The virtual weights are controlled so as to

favour desired patterns of input usage and/or output production, and thereby, make

possible the use and incorporation of expert knowledge in the evaluation.



E. NON-DISCRETIONARY VARIABLE MODEL: The DEA model provides

information about the extent to which an input should be decreased or an output

augmented by an inefficient organization in order for it to become efficient.

However, managers sometimes deal with non-discretionary variables that have

values determined by forces exogenous to the organization under evaluation. In

other words, the values of these inputs or outputs are beyond the control of the

organizations management. Consequently, management or an analyst might want

to treat these types of inputs and outputs differently in a DEA analysis of the

performance of an organization because they are outside the discretionary control

of the managers, and the managers can take no action to affect these inputs and

outputs.

The amount of a non-discretionary, fixed input variable can be reduced can

be determined but may not be meaningful because the input cannot be reduced.

However, in many cases it is important to take these non-discretionary amounts

into account in an evaluation of an organization.

F. CATEGORICAL VARIABLE MODEL: Banker and Morey (1986) offer an

adaptation to the DEA model that permits the inclusion of variables that are

categorical. This extension of DEA relaxes the need for the variables to be

measured on a continuous scale and allows the incorporation of on-off or present

variables in the analysis.

3.4 COMPARISON BETWEEN DEA WITH REGRESSION ANALYSIS:

In the past, regression approaches have been commonly used for measuring

efficiency. Consequently, here we discuss some of the differences between



regression and DEA in order to highlight DEA's characteristics. In the following

table we have discussed some conceptual issues relating to the differences between

the Data Envelopment Analysis and Regression Analysis

Problem

Multiple inputs and
outputs
Specification of the
functional form
Outliers or unusual
observations
Sample Size

Explanatory factors
highly collinear

Explanatory factors have
a low correlation
Noise, such as
measurement error
Testing, including
variable selection

DEA

Simple

Not required

Inaccurate efficiency
assessment
Small size can be
adequate

Better Discrimination

All efficiency scores tend
to be close to unitv
Highly sensitive

Sensitivity analysis is
possible but complex, so
is more subjective

Regression

Complex, rarely
undertaken
Required and my be
incorrect
Not as sensitive

Moderate sample size
required statistics become
unreliable if too small,
and important factors may
be incorrectly omitted
from the model
Possible misleading
interpretation of
relationships
No problem

Affected, but not as
severely as in DEA
Straightforward statistical
testing.

The table illustrates that each technique has advantages and disadvantages. As

such, it is difficult to recommend one technique as being superior to any other.

Both statistical techniques provide straightforward procedures for testing the

significance of individual variables and model assumptions, and give a clear

estimate of the size of the relationship between a cost driver and the relevant cost.

As such, they are useful in determining the appropriate factors to be included in a

DEA model.



DEA is much more of a important technique—the exact relationship between

inputs and outputs is difficult to ascertain or test. However, DEA can provide

useful information in addition to the simple efficiency ranking of companies. For

instance, the technique can provide answers to the following questions.

1. Which company is inefficient company A most likes?

2. How much of the overall inefficiency is caused by: technical inefficiency:

allocative inefficiency: congestion of inputs: or scale inefficiency?

In general, it would seem appropriate to use several of the techniques, with

the separate results used to check the robustness of the efficiency assessments.

However, this may still be problematic as consistency of the results may not occurs

(as indicated in the discussion above).

3.5 DEA IN BANKING INDUSTRY:

DEA was Firstly applied by Sherman and Gold (1985) for assessing the

efficiency of bank branches, it is a tool for evaluating relative efficiency since it

first identifies banks efficiency frontier and then compares with other banks. It

allows ranks to the banks according to their technical efficiency scores and to

single out driving forces for inefficiencies.

In banking industry. DEA model is preferable to econometric approach of

efficient measurement because of it has a number of advantages i.e..

1. It can simultaneously analyze several inputs and outputs, which is an

alternative characterizes because production in the banking industry often

involves multiple inputs and outputs.



2. It does not require any assumptions about the functional form of

technology, and

3. It calculates a maximal perfonnance measure for each production unit

relative to all other production units in the observed population with the

sole condition that each production unit lies on or below the external

frontier.

3.6. USES; MERITS AND DEMERITS OF DEA:

DEA is commonly used to evaluate the efficiency of a number of

producers. A typical statistical approach is characterized as a central tendency

approach and it evaluates producers relative to an average producer. In contrast.

DEA is an extreme point method and compares each producer with only the "best"

producer. By the way. in the DMU extreme point methods are not always the right

tool for a problem, but are appropriate in certain cases.

DEA has been applying in may cases such as Heath Care. Education.

Banks. Manufacturing sector. Benchmarking. Management evaluation. Fast Food

restaurants and Retails stores etc..

DEA's SPECIFIC ADVANTAGES: AS earlier list of applications shows. DEA is a

powerful too when used wisely. As few of characteristics that make it powerful is:

I. It is able to derive a single aggregate score, which indicates the

performance status of each DMU relative to a designated group of Peers.

DMUs are directly compared against a peer or combination of peers.



2. It is capable to identifying and perceived slack in input used or output

produce and provide insight on possibilities for increasing output and/or

conserving input in order for inefficiency DMU to become efficient.

3. DEA does not require an assumption of a functional form relating inputs

and outputs. Inputs and outputs can have very different units. It can handle

multiple inputs/outputs to generate a set of weights to each input/output.

4. DEA cannot support zero output values.

LIMITATIONS OF DEA: DEA has fewer limitations than other performance

measurement approaches in the choice of input and output variables the efficiency

measure obtained by DEA is sensitive to the combination of inputs and outputs. If

inputs and outputs are properly chosen. DEA can provide crucial information

Although DEA can identify performance targets with respect to reference units, it

does not tell us how to achieve these targets. The limitations of DEA:

1. Since DEA is an extreme point technique, noise such as measurement error

can cause significant problems.

2. DEA is a good at estimating 'relative efficiency* of a DMU but it

converges very slowly to "absolute efficiency". In other words, it can tell

us how well we are doing compared to out peers but not compared since a

'theoretical maximum*.

3. Since DEA is a non-parametric technique, statistical hypothesis tests are

difficult and are the focus of ongoing research.



4. Since a standard formulation of DEA creates a separate function for each

DMU, large problems can be computationally intensive.

3.7. CONCLUDING REMARKS:

With providing sufficient information of banks to analyze with the DEA. it

will give the useful insights about the banks efficiency levels, locate

efficiency/inefficiency factors, it will set ranks to different banks through relative

efficiency, it also shows the banks returns to scale which will help to

investors/depositors, and it will also be useful for the measurement efficiency of

banks in different categories, different variables. For the present study we have

used BCC (1984) model, which has been discussed earlier.



CHAPTER-IV

EMPIRICAL ANALYSIS

4.1 INTRODUCTION:

The present study is based on data obtained from 93 scheduled commercial

banks (SCBs). The banks include 27 public sector. 36 foreign and the rest 30

private banks. The study has a wider coverage than most of the earlier studies. The

data used in the analysis relate to pertaining to measures of Productivity,

Profitability and Financial Management and Asset Quality The data used in this

study have been colleted from various issues of Indian Banks Associations annual

reports and RBI's Reports on Progress of Banks. In this study, we find efficiency

of the commercial banks during the period 1999-2000 to 2002-2003. The

reference year of the study related to the financial year 1999-2000. for which we

have used DEA. to calculate efficiency we have used GAMS progamme and DEA

Solver package.

For measuring the efficiency in the banking sector, we consider the

objectives such as a) include recommendations of newly appointed committees by

RBI and various studies, b) considering the impact of entry of foreign bank in

Indian financial sector after 1998 WTO relation Act and c) methodological aspects.

In the literature there are two different approaches used in banking system,

namely "production approach" and "intermediation approach". There is no

consensus however in respect of the inputs and outputs to be considered for

measuring efficiency/performance.



Humphrey (1985) made a useful distinction between the two approaches

and its behaviour in the banking. The production function views banks as

"producing" demand deposits, lime and saving deposits, commercial loans, real

estate loans, and installment loans, using capital, labour, and materials so on. In

this case, the number of accounts and loans outstanding provide the appropriate

measure of bank output, and total costs include all operating costs incurred in the

production approach. Where as. intermediate approach treats banks as collects of

funs which are then "intermediated" into loans and other assts. and it is concerned

with the overall costs of banking and is appropriate for addressing questions

concerning the economic viability of banks. Although the intermediation approach

is not commonly used in empirical studies, neither approach is completely

sat is fact ory. largely because deposits have both input and output characteristics,

which are not easily disaggregated empirically.

Bergar ci al (1987) concerned with competitive viability, and preferred the

intermediation approach. Bergar and Humpary (1997) suggest that the

intermediation approach is best suited for analyzing bank level efficiencs. where as

the production approach is well suited for measuring branch level efficiency. This

is because, at the bank level, management will aim to reduce total cost and not just

non-interest expenses, while at the branch level a larger number of customer

service processing take place and bank funding and investment decision are mostly

not under the control of branches. Also, in practice, availability of data flow-

required by the production approach is usually exceptional. Therefore, in the

present study we have considered 'intermediation approach" for

measuring/choosing input and output variables of banks.



Traditionally, banks have used profitability as a basis of other measures

such as productivity and quality. In the past few years, these practices have started

to change towards benchmarking programs based on different indicators such as

productivity, profitability, financial management, asset quality etc..

For measuring productivity, we consider different parameters such as.

establishment expenses to operating expenses as inputs and business per branch,

business per employee and operating profit per employee are taken as outputs.

Where. Business per branch = Total Deposits/Number of Branches

Business per employee= the amount of deposits mobilized per employee

For measuring profitability, we consider net profit to spread.

establishment expense to operating expenses as inputs and Return on assets. Return

on Equity. Net interest income as percentage to assets. Net profits to deposits are

taken as outputs.

Where. Spread = interest earned - interest paid

RoA = Net interest margins^ Net-Interest income ratio+ operating

expense ratio.

RoE = RoA*EM. EM is equity multiplier i.e. average

assets/average equity.

The above all parameters have taken and calculated on the basis of ICRA studies,

which leads us to asses efficiency of Indian banks.



For measuring Financial Management, we have considered spread to total

advances, NPA to net advances as inputs and average yield on assets. Average

yield on advances, average yield on investments and capital adequacy ratio has

been taken as outputs.

Where, Yield on Assets= Interest incomeTotal assets

Yield on Advances^ Interest earned on advances/total advances

Yield on Investments^ Income from investment/Investments.

If the financial management performance is better, then the banks will lead

towards efficiency in their management of assets, liquidity, advances, deposits,

mobilization of assets and capital adequacy ratio etc..

For measuring asset quality we consider various parameters based on the

Indian Banks" Association Review on the performance of banks. The parameters

are Gross NPAs/ Gross Advances, Net NPAs/Net Advances as inputs and Gross

NPAs/Total Assets. Net NPAs/Total Assets are considered as outputs.

42 EMPIRICAL RESULTS:

In our study, efficiency has measured by using DEA. The details of the

technique are discussed in Chapter 3, The results are presented in tables 4.1 to 4.8

and the score and rank of the respective banks are presented in Appendix-II (tables

A.I to A. 12).

From table 4.1. it is evident that public sector banks during the sample

period banks arc operating between less efficient and inefficiency category. From

which Corporation Bank. Oriental Bank of Commerce are operating at score and



rank unity (1). Relatively SBI and Group performance is better than the

nationalized banks, from which SBI is operating efficiently.

For the profitability, all public sector banks are performing between less

efficient and efficiency category except UCO Bank, United Bank of India. In this

indicator. Corporation Bank. Dena Bank. Oriental Bank of Commerce, United

Bank of India from nationalized and Stale Bank of Indore. State Bank of Mysore,

State Bank of Patiala from State Banks Group are having score unity. And

relatively State Bank of Bikaner and Jaipur. State Bank of Hyderabad. State Bank

of Saurashra are also efficient.

For the financial management, all banks are operating between less

efficient and efficient category. Andhra Bank. Corporation Bank. United Bank of

India rank one (1) during the sample period, and State Bank of Patiala also shows

the efficient in the sample period.

For the Asset Quality, most of the banks are being inefficient throughout

the sample period, though a few banks have shown rank unitv in study period, i.e..

Corporation Bank. State Bank of Indore. State Bank of Mysore and State Bank of

Saurashra.

From the above analysis of the public sector banks throughout the sample

period, most of the banks are found in the category of less efficient i.e. [0.5, 1).

From which Corporation Bank, Oriental Bank of Commerce, State Bank of Indore

are found to be efficient in all categories and many nationalized banks were

recorded as worst performance in the sample period.



Table 4.1

Public Sector Banks for the period 1999-2000 to 2002-2003

S.No

1

Name of the Bank

Allahabad Bank
2 Andhra Bank
3 Bank of Baroda
4 iBank of India
S iBank of Maharashtra
> ( anara Bank
7

X

9

10

11

12

13
14

15
16
17
18
19

Central Bank of India
Corporation Bank
t)ena Hank

Indian bank
Indian Overseas Bank

Oriental Bank of Commerce
Punjab & Sind Bank
Punjab National Bank

Syndicate Ban
I ( O Hank

Union Bank of India
United Bank of India
Vijaya Bank

Productivity
1999-
2000

®
®
X
®
®
®
®

s
®
®

®
®
®
®
®
®

®

2000-2001-
2OOM2002

X
®
X

®

®
®

®
®
®
V
®

®
®
®

®

®

®

X
X
X
®
X
X
®
V
X
®
®
V
®
®
®
®

®

2002-
2003

X
X

X
X
X
X
®
V
®
®
®

®
®
®
®
X
®
®

1999-
2000

X
X
X

X
X
X
X
V
V
V
X
V
V
X
X
®
X
®

X

I'rolltabilitN
2000-
2001

X
X
X
X
X
X
X

V
V
X

X
X
X
X
X
V
X

2001-
2002

X
X
X
X
X
X
X
V
V
X
X

V
X
X

X
X

X

V
X

2002
2003

X
X
X
X
X
X

V
X

X

V
V
X

X
X
X

X

Financial Management
1999-
2000

X

X
V
X
X
X
V
X
V
X
V
V
X

X
X
V
V
X

2000
2ooi

X
V
V
V
X
X
X

V

X

V
V
X

V
X
V

X

2001
2002

X
V
X

X
V
X
N

X
V
X
X
V
X
X
X

X

V

2002
2003

X

X
V
X
V
X

V
X
X
X
V

X
X
V
X

X

Asset Quality
1999
2000

®
X
®
®
X
X
®

X
®

X

V

®
X
®
®

®

X

2000
2001

®
X
®
X
X
X
®

V
X
X
V
X

®
X

X
<g>
X
X

2001
2002

®

®
X
X

X
®

®
X
X
X
®
X
X
X
®
X

2002-
2003

®
X
8
X
X
X
®
X
X
®
®

®
X
X

X

s
X

74



20
21

22
23
24
25
26
27

State Bank of India (SBI)
State Bank of Bikaner &
Jaipur
State Bank of Hyderabad

State Bank of Indore

State Bank of Mysore

State Hank of Patiala

State Bank of Saurashra

State Bank of Travancore

X
®

X
X

®
®
®

V
®

X
X
®
®
X
®

®

X
X
®
X
X

9

®

X
X
®
X
X
(8)

X

V
V

V
V
X

X

V

V
V
V
V
V
X

X

V

V
V
V
X

X

X

X

V
V
X
X

X

X

X

X
X
X

X
X

X

X
X
V
V
X

X

X

X

X
X

X
X

V
X

X

X
X

X

®
X

X

V
X
X
X

X

<8>

X

X

V
V
X
V
X

<8>
X

X

V
V
X
V
X

X
X

X

V
V
V
V
X

Note: 'V' indicates that the bank is efficient, i.e., I > I• \ score is one
V indicates that the bank is less efficient, i.e., DEA score range is [0.5,1)

*®' indicates that the bank is inefficient, i.e., DEA score less than 0.5.
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Table4.2

Private Sector Banks for the period 1999-2000 to 2002-2003



Note: '\N indicates that the bank is efficient, i.e., DEA score is one
X indicates that the bank is less efficient, i.e., DEA score range is [0.5,1)
® indicates that the bank is inefficient, i.e., DEA score less than 0.5.
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Table 4.3
Foreign Sector Banks in India for the period 1999-2000 to 2002-2003
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sole: 'N' indicates that the bank is efficient, i.e., DEA score is one
X indicates that the bank is less efficient, i.e., DEA score range is [0.5,1)
<& indicates that the bank is inefficient, i.e., DEA score less than 0.5.
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PRIVATE SECTOR BANKS:

From table 4.2. we can find that most of the private banks are in the inefficient range

in all the performance indicators in the sample period.

For the productivity, except SBI Commercial and international Bank Ltd.. Indusland

Bank Ltd. Bank of Punjab, no banks are found to be efficient. Most of the banks are found

to be in the range of inefficient.

For the profitability, comparative to the productivity indicator many banks are found

to be less efficient. Bank of Punjab Limited. Centurion Bank. UT1 Bank limited. The

Catholic Syrian Bank Limited, the Karur Vysya Bank Limited have performed efficiently

with the score unity.

For the Financial Management, all banks of the efficiency score is greater than the

inefficient level except Kotak Mahindra Bank Limited, the Sangli Bank Limited. There are

good number of banks which are having efficiency score unity namely The National Bank

Limited. SBI Commercial and International Bank Limited. Tamilnad Mercantile Bank

Limited. The Ganesh Bank of Kurundwad Limited. Centurion Bank. Global Trust Bank,

HDFC. ICICI and UTI Bank Limited.

For the asset quality, most of the banks are found to be inefficient. The National

Bank Limited, the Ganesh Bank of Kurundwad Limited. HDFC are found efficient with the

score and rank unity.
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Finally, from all the above analysis, we found that the National Bank Limited, SBI

Commercial and International Bank Limited. The Ganesh Bank of Kurundwad Limited,

Bank of Punjab Limited. Global Trust Bank. HDFC. 1CIC1, and UTI Bank Limited are

found efficient in all the indicators throughout the sample period.

F O R E I G N B A N K S :

As noted in the objectives of this study, we deal foreign banks in a separated

category. After 1998 WTO Regulation Act. foreign banks are effectively performance

better than the previous years. It indicates that in the sample period foreign banks are

having wide disparities in the efficiency.

From above table 4.3. many banks are found to inefficient range. For the

productivity, Citi Bank NA. Abu Dhabii Commercial Bank Limited. Bank of Internasional

Indonesia, Bank of America NA are found to be efficient with a score unity.

For the profitability. Bank of Internasional Indonesia. JP Morgan Chese Bank, the

Toronto Dominion Bank are found to efficient with score unity, and many other banks also

indicate relatively efficient.

For the financial management, many banks are lying between [0.5.1): and the banks

called. Oversea-Chinese Banking corporation limited, the Toronto Dominion Bank. Krung

Thai Bank Public Company Limited. Bank of Muscat SAOG. Bank of America NA, credit

Agricole Indosuez are being efficient with the score unity and many others also following to

the efficient banks.
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For the Asset Quality, Bank of Internasional Indonesia, Oversea-Chinese Banking

Corporation Limited are found efficient and most of the remaining banks score range lies

between [0, 0.5]. so they are inefficient in this category'.

After implementing of WTO Act. in 1998. the foreign banks in India, have become

efficient. They improved their performance in terms of productivity, profitability, financial

management and asset quality. From the analysis, we find that Bank of Internasional

Indonesia. Citi Bank NA. Oversea-Chinese Banking corporation limited, the Bank of

Tokyo-Mitsobishi Limited are found relatively efficient in the study period.

43 COMPARISON OF EFFICIENCY/PERFORMANCE INDICATORS BETWEEN THE

COMMERCIAL BANKS:

From tables 4.4 to 4.8 we can compare the various performance indicators according

to their performance levels in the commercial banks during the study period.

Table 4.4

Comparison of Productivity of the Commercial banks



Table 4.5

Comparison of Profitability between Commercial Banks

Year/ efficiency

1999-2000

2000-2001

2001-2002

2002-2003

Public Sector Banks

E
ff

ic
.

II

11

10

9

L
es

s 
ef

fi
.

14

16

17

18

In
ef

fi
.

2

0

0

0

Private Banks

E
ff

ic
.

16

9

9

11

L
es

s 
ef

fi
.

14

5

19

7

In
ef

fi
.

0

16

2

12

Foreign Banks

E
ff

ic
.

12

6

11

14

L
es

s 
ef

fi
.

8

7

10

10

In
ef

fi
.

16

23

15

12

Table 4.6

Comparison of Financial Management between Commercial Banks



Table 4.7

Comparison of Asset Quality between Commercial Banks

Year/ efficiency

1999-2000

2000-2001

2001-2002

2002-2003

Public Sector Banks

I 
fl

ic
.

4

6

6

6

L
es

se
ff

i.

14

15

14

14

In
ef

fi
.

9

6

1

7

Private Banks

E
ff

ic
.

4

3

3

L
es

s 
ef

fi
.

2

7

6

1

In
ef

fi
.

24

20

21

26

Foreign Banks

E
ff

ic
.

6

8

5

7

L
es

s 
ef

fi
.

2

4

3

1

In
ef

fi
.

28

24

28

28

From all the above tables, we can evaluate the efficiency/indicators of the different

banks in the sample period having difTerent efTiciencv levels, such as: many of the public

sector banks are having high efficiency in terms of productivity, profitability, financial

management and asset qualin. whereas the private banks are having a very high inefficiency

levels during the sample period in the different indicators. Whereas the foreign banks, with

new entry the banks are operating with a new kind of performance i.e. these banks are raise

their efficiency levels during the period in productivity, profitability, financial management

and asset quality.



Table 4.8
Overall efficiency/performance indicators for the sample period

Source: Authors calculations.



4.4 CONCLUDING REMARKS AND SUGGESTIONS:

The study presents application of DEA to determine performance efficiency record

of Indian Scheduled Commercial Banks for different indicators such as productivity,

profitability, financial management and asset quality. Results show the relative efficiency

of banks to its peer units. The relative efficiency of public sector banks is found to be

efficient in all indicators. Hence PSBs stood first in ranking among all the banks. The

public sector banks are followed by foreign banks then followed by private banks.

Although DEA has fewer limitations than other performance measurement

approaches in the choice of input and output variables, the efficiency measure obtain by

DEA is sensitive to the combination of inputs and outputs. If inputs and outputs are

properly chosen, DEA can provide crucial information about bank's financial condition and

management performance. Although DEA can identify performance target with respect to

reference units, it does not tell us turn to achieve these targets.
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APPENDIX-I

NAME OF THE BANKS IN INDIA

PUBLIC SECTOR BANKS

S.No
1
2
3
4
5
6
7
8
9
10
11
12
3

14
15
16
17
18
19

20
21
:

23
24
25
26
27

NATIONALISED BANKS
Allahabad Bank
Andhra Bank
Bank of Baroda
Bank of India
Bank of Maharashtra
Canara Bank
Central Bank of India
Corporation Bank
Dena Bank
Indian Bank
Indian Overseas Bank
Oriental Bank of Commerce
Punjab & Sind Bank
'unjab National Bank
Svndicate Bank
UCO Bank
Jnion Bank of India

United Bank of India
Vijaya Bank
SBI and Associates of SBI
State Bank of India (SBI)
State Bank of Bikaner & Jaipur
State Bank of Hvderahad
State Bank of Indore
State Bank of Mysore
State Bank of Patiala
State Bank of Saurashtra
State Bank of Travancore
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INDIAN PRIVATE BANKS

S.No

I
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26

OLD PRIVATE BANKS

Bharat Overseas Bank Ltd.

City Union Bank Ltd.

Development Credit Bank Ltd.

ING Vysya Bank Ltd

Karnataka Bank Ltd.

Lord Krishna Bank Ltd.

The Nainital Bank Ltd.

SBI Com!, and Intl. Bank Ltd.

Tamilnad Mercantile Bank Ltd.

The Bank of Rajasthan Ltd.

The Catholic Syrian Bank Ltd.

The Dhanalakshmi Bank Ltd.

The Federal Bank Ltd.

The Ganesh Bank of Kurundwad Ltd.

"he Jammu & Kashmir Bank Ltd.

"he Karur Vvsva Bank Ltd.

The Lakshmi Vilas Bank Ltd.

l ie Ratnakar Bank Ltd.

The Sangli Bank Ltd.

l ie South Indian Bank Ltd.

The United Western Bank Ltd.

NEW PRIVATE SECTOR BANKS

Sank of Punjab Ltd.

Centurion Bank Ltd.

Global Trust Bank Ltd.

UDFC Bank Ltd.

CICI Bank Ltd.

27 IDBI Bank Ltd.

1 ilnduslnd Bank Ltd.

29 bCotak Mahindra Bank Ltd

JT! Bank Ltd.
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FOREIGN BANKS IN INDIA

S.No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
2h

27
28
29
30
31
32
33
34
35
36

Name of the Banks
ABN-Amro Bank N.V.

Abu Dhabi Commercial Bank Ltd.

American Express Bank Ltd.

Antwerp Diamond Bank N.V

Arab Bangladesh Bank Ltd.

Bank International Indonesia
Bank Muscat SAOG

Bank of America NA

Bank of Bahrain and Kuwait BSC

Bank of Cev Ion

Barclavs Bank PLC

BNP Paribas

Chinatrust Commercial Bank

Chohung Bank

Citibank N.A.
Credit Agricole Indosuez

Credit Lvonnais

Deutsche Bank AG
ING Bank

JP Morgan Chase Bank

krung Thai Bank Public Company Ltd.

MashreqBank psc

MIZUHO Corporate Bank Ltd.

Oman International Bank SAOG

Oversea-Chinese Banking Corporation Ltd.

Societe Genera Ic

Sonali Mank

Standard Chartered Bank

State Bank of Mauritius Ltd.

Sumitomo Mitsui Banking Corporation

The Bank of Nova Scotia

The Bank of Tokvo - Mitsubishi Ltd.

The Development Bank of Singapore Ltd.

The Hongkong & Shanghai Bkg.Corp.Ltd.

The Toronto Dominion Bank

UFJ Bank Ltd.



APPENDIX II

Table A.1
DEA score and Ranks of Productivity of Pubiic Sector Banks



Table A.2
DEA score and Ranks of Productivity of Private Banks



Table A.3
DEA score and Ranks of Productivity of Foreign Banks



Table A.4
DEA score and Ranks of Prontability of Public Sector Banks



Table A.5
DEA score and Ranks of Profitability of Private Banks



Table A.6



Table A.7
DEA score and Ranks of Financial Management of Public Sector Banks



Table A.8
DEA score and Ranks of Financial Management of Private Banks



Table A.9
DEA score and Ranks of Financial Management of Foreign Banks



Table A.10
DEA score and Ranks of Asset Quality of Public Sector Banks



Table A.11
DEA score and Ranks of Asset Quality of Private Banks



Table A. 12
DEA score and Ranks of Asset Quality of Foreign Banks

Abu Dhabi Commercial Bank Ltd

Oman Inlcrnational Hank SA(Xi
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