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Abstract

The paper investigates the performance of Indian commercial banking sector during the post reform period

1992–2002. Several efficiency estimates of individual banks are evaluated using nonparametric Data Envelopment

Analysis (DEA). Three different approaches viz., intermediation approach, value-added approach and operating

approach have been employed to differentiate how efficiency scores vary with changes in inputs and outputs. The

analysis links the variation in calculated efficiencies to a set of variables, i.e., bank size, ownership, capital

adequacy ratio, non-performing loans and management quality. The findings suggest that medium-sized public

sector banks performed reasonably well and are more likely to operate at higher levels of technical efficiency. A

close relationship is observed between efficiency and soundness as determined by bank’s capital adequacy ratio.

The empirical results also show that technically more efficient banks are those that have, on an average, less non-

performing loans. A multivariate analysis based on the Tobit model reinforces these findings.
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1. Introduction

The banking system contributes to economic growth by mobilising financial resources and

channeling them to activities with higher expected rates of return for a given level of risk. It provides

transaction and payment services, which increase the efficiency of economic activities. Since the

initiation of deregulation process of India’s financial sector in 1992, significant policy changes have

been introduced to strengthen the banking sector. At the macro level, these included lowering of

preemption on bank deposits along with deregulation of the erstwhile administered interest rate

structure. Measures at the micro level encompassed introduction of greater competition and increased

levels of transparency and disclosure in banks’ balance sheets. In addition, a set of micro-prudential

measures pertaining to capital adequacy, income recognition, assets classification and provisioning

practices, exposure norms and investment valuations were also initiated. The aim of the ongoing

financial sector reforms has been to promote a diversified, efficient and competitive financial system

with the ultimate objective of improving the allocative efficiency of resources through operational

flexibility, improved financial viability and institutional strengthening. The banking industry is

expected to grow in the direction of improved productivity, profitability, lower intermediation costs

and enhanced customer service. Given these emerging opportunities, the evolving structure of the

banking system would rely on size and product mix efficiencies that are available to banks. The

growth and solvency of a bank would depend, inter alia, on banks being profitable, well managed and

sufficiently well capitalized to withstand adverse shocks arising from measured and non-measured

risks. Banks that adopt the most cost-efficient size and product mix with respect to a manageable

portfolio risk are better placed to exploit the relative cost advantages. In this context, the significance

of bank efficiency, especially during the period of financial deregulation in an emerging economy like

India, can hardly be overlooked.

Inefficiency is widely conjectured to be an important contributing factor to the cost of Indian banking

sector. The lack of efficiency in resource use in turn engenders low productivity as reflected in high

spreads. However, owing to problems in measuring bank outputs, efficiency measurement is fraught

with difficulties. More importantly, banks may not be homogeneous with respect to the types of outputs

actually produced. While several attempts have been made to examine the issue of efficiency of banks in

developed countries, studies analysing the efficiency of banks in developing countries have been limited.

The present paper examines the efficiency of Indian banks using nonparametric Data Envelopment

Analysis (DEA) approach over the period 1992 to 2002. DEA is a methodology for estimating the

relative efficiency and managerial performance of productive units, having the same set of inputs and

outputs. Additionally, it enables comparison of the relative efficiency of banks by determining the

efficient banks, which span the frontier. In effect, the paper addresses five important issues relating to the

efficiency of Indian banks. First, what do data suggest regarding the convergence of performance/

efficiency of banks during the post reform period? Second, does efficiency vary across ownership

patterns? Third, how does efficiency correlate with bank size? Fourth, does banks’ capital position

impinge upon efficiency? Fifth, does the quality of banks’ assets affect their efficiency levels? The paper

also examines how efficiency differs among dpeer groups.T Furthermore, the paper explores the

proximate sources of (in)efficiency under both univariate and multivariate framework and relates the

findings to the ongoing reforms undertaken in India.

The rest of the paper is structured as follows: Section 2 presents a brief overview of efficiency studies

undertaken primarily in the 1990s and explains the position of the paper in this field. An analytical
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account of the evolving structure of Indian banking system, especially after liberalization, is discussed in

the subsequent section. Section 4 provides the conceptual framework for measuring efficiency using

DEA approach. Specification of bank inputs, and outputs and data are presented in Section 5. Section 6

discusses the empirical findings, followed by the concluding remarks along with a few policy

implications in Section 7.
2. Received literature

The literature on efficiency of financial institutions has expanded rapidly in recent times. Berger and

Humphrey (1997) found that depository financial institutions/banks experienced annual average

technical efficiency ratios of around 77% (median 82%).1 Frontier inefficiency, sometimes also called X-

inefficiency, at financial institutions was observed to consume a considerable portion of costs and a

much greater source of performance problems than either scale or product mix inefficiencies (Bauer,

Berger, Ferrier, & Humphrey, 1998).

Most bank efficiency studies based on DEA approach focused on the banking sector in developed

countries. Elyasiani and Mehdian (1995) investigated the trends in technical efficiency and technological

change for small and large US commercial banks during 1979–86 based on the intermediation approach.

Although the efficiency measures declined over this period, small banks emerged as more efficient in the

deregulated regime. The gap, however, narrowed considerably in the post-deregulation period.

Subsequently, Mukherjee, Ray, and Miller (2001) in their study of productivity growth in 201 large

US commercial banks covering the initial post-deregulation period (1984–1990) uncovered the evidence

that productivity grew, on an average, by 4.5% per year, with a significant decline in the initial years;

banks with large asset size in fact experienced higher productivity growth.

Berg, Forsund, and Jansen (1992) examined the productivity of Norwegian banks before and after

deregulation based on the value-added approach. Their analysis revealed that productivity regressed in

the pre-deregulation years, mainly due to the emergence of idle capacity in anticipation of increased

competition with the introduction of deregulation process initiated in 1984. Productivity growth was,

however, rapid post 1987, with significant convergence in productivity levels, implying increased

competition in the deregulated period.

Cross-country studies for OECD and other developed countries report divergent efficiency estimates.

Fecher and Pestieau (1993), for instance, report average efficiency estimates of financial services

(banking and insurance) for 11 OECD countries for the period 1971–86 to be 0.82 with a range of 0.67

(for Denmark) to 0.98 (for Japan). A study on cost and profit efficiency for a sample of 14 countries of

the European Union, as well as Japan and the US, revealed wide inequalities of profitability between

countries, which could be considerably reduced if inefficiency was eliminated (Maudos & Pastor, 2001).

Using the nonparametric technique on a cross-section of 427 banks in eight developed countries, the

mean efficiency value was of the order of 0.86 with a range of 0.55 for the UK to 0.95 for France (Pastor,

Pérez, & Quesada, 1997). However, cross-country comparisons are often fraught with difficulties of

interpretation, not only because of the different regulatory and economic regimes encountered by
1
Out of the 130 studies that apply frontier analysis to determine financial institution efficiency, 116 were published from 1992 to 1997. It is

also found that there are enough frontier analysis studies to draw some tentative comparisons of average efficiency levels both across

measurement techniques and across countries (Berger & Humphrey, 1997).
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financial entities, but also owing to the differential quality of services associated with deposits and loans

in different countries.

Efficiency studies based on the Asian banking system are limited. Among the earliest studies,

Leightner (1997) reported that, although the Thai finance and securities companies enjoyed

tremendous profitability and rapid growth during 1990–94, these firms were not fully efficient, i.e.,

their profits could have been further enhanced by changing the output and/or input mix. There was

also evidence of strong economies of scale, which meant that these finance and securities companies

were too small to compete with their larger banking counterparts. Subsequently, Gilbert and Wilson

(1998) employed a linear programming technique to investigate the effects of privatisation and

deregulation on the productivity of Korean banks during 1980–94. Their findings suggested that

Korean banks responded positively to privatisation and deregulation by altering their mix of inputs

and outputs, leading to increases in productivity. A study of operating efficiency in Taiwan’s

banking industry in pre- and post-deregulation periods covering 1986–89 to 1992–95 found

improvements in overall efficiency with most banks close to being scale efficient (Shyu, 1998). The

major source of inefficiency identified was allocative in nature. Thereafter, Hao, Hunter, and Yang

(1999) employed a stochastic frontier approach to explain differences in efficiency scores for 19

Korean banks covering the period 1985–95. They found that banks with faster growth rates,

extensive branch network and those that made extensive use of deposits in funding their assets were

most efficient.

In a study on Indian banking covering the period 1986–91, Bhattacharya, Lovell, & Sahay (1997)

found that Indian public sector banks were the best performing banks and that these banks improved

their efficiency in the deregulated environment. In addition, the study observed that there was a

temporal improvement in the performance of foreign-owned banks and a temporal decline in the

performance of Indian public sector banks. The study, however, essentially pertained to the pre-

deregulation era. Since the liberalization of the banking sector was initiated in 1991–92, it is likely

that its effect on efficiency would have manifested itself only at a later date. A more recent study

addresses this lacuna by covering both the pre- and post-liberalization era (Kumbhakar & Sarkar,

2003). Using the generalized shadow cost function, the study examines whether regulation

engendered distortions in input choices of Indian public and private banks. The results indicated

that total factor productivity growth has not been significant post-deregulation and importantly, there

was no evidence of narrowing of performance differentials across ownership category following

deregulation. However, the focus of the study was on public and old private banks. Foreign banks

were not considered in the analysis since dhistorically, many of the regulations have been primarily

targeted toward domestic banksT (pp. 407). It needs to be recognized that the financial deregulation in

India sought to promote competitive forces by permitting liberal entry of foreign banks and allowing

functioning of the new private banks. These banks started their operation since 1994–95, when the

Reserve Bank of India (RBI), the country’s central bank, announced new guidelines for entry of such

banks. Incorporating these two categories of banks, which at end-March 2002 accounted for over

18% of total assets of commercial banks, is expected to shed significant light as to how competitive

forces affected efficiency across bank ownership. Additionally, since the initiation of reforms, the

banking sector in India has been subject to a dlevel playing fieldT in terms of prudential norms

relating to capital adequacy, income recognition and asset classification which is also expected to

influence bank efficiency—an aspect which is not adequately addressed by Kumbhakar and Sarkar

(2003, 2005).
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3. Indian banking system—an overview

The scheduled commercial banking system in India comprises banks in public and private sectors as

well as foreign banks operating in India.2 In the 1950s, the financial system in India was fairly liberal

with limited control on interest rates and low statutory preemption. The disconcerting findings of the All-

India Rural Credit Survey Committee (RBI, 1954) of the inequitable distribution of bank credit raised

misgivings about the ability of markets to efficiently allocate resources.3 As a consequence, the

Government tightened its control over the credit allocation process to ensure adequate credit flow into

genuinely productive activities in conformity with plan priorities. Towards this end, controls on lending

rates were introduced, liquidity requirements were raised and a system of development banks, catering to

various segments of industry and agriculture was established. The process culminated with the

nationalization of 14 largest commercial banks in 1969 and subsequently in 1980, with the

nationalization of 6 major commercial banks.4 The expansion of banking facilities purported not only

to mop up potential savings, but also to meet the credit gaps in agriculture and retail trade, thereby

bringing large stretches of economic activity within the organized banking system. At the same time, a

strategy for agrarian development, which laid considerable emphasis on the provision of adequate credit

to the agricultural sector was initiated. This led to intense pressure on the state-owned banking system to

lend to dpriority sectorsT (comprising agriculture, small-scale industry, retail traders, craftsmen, etc.).

These lending requirements, initially stipulated at 33% of a bank’s total credit, were raised to 40% over a

period of time. In addition, the financial sector suffered from several constraints, salient among which

were as follows: (a) commercial banks had significant restrictions on deployment of funds. At the onset

of reforms in 1991–92, these banks had to hold more than 50% of increases in their deposits resources in

cash reserves and government debt instruments: 15% as cash reserve ratio (CRR) with additional 10% on

incremental resources, deposited with the central bank as reserve requirement and 38.5% as statutory

liquidity ratio (SLR), to be invested in eligible government securities. While the RBI introduced a Health

Code System in 1985 to classify bank loans according to their performance, income recognition rules

were highly subjective and reduced incentives for maintaining a high quality loan portfolio, (b) the

government regulated the use of financial instruments and access to financial markets, as well as all

interest rates on deposits and loans: lending rates were fixed both for priority and non-priority sectors,

and (c) competition was limited. Since nationalization, the banking system was dominated by state-

owned banks which accounted for over 90% of total commercial banking assets and around 85% of bank

branches; the number of private and foreign banks remained stagnant and their branch expansion was

restricted.
2
The banking system in India comprises commercial and co-operative banks, of which the former accounts for around 95% of banking

system assets. The commercial banks, in turn, comprise 19 nationalized banks (majority equity holding being with the Government) and the

State Bank of India (majority equity holding being with the RBI) and its 7 associate banks (majority holding being with State Bank of India).

These 27 banks constitute the public sector (state-owned) banking system in India and accounted for, on an average, over 80% of commercial

banking assets. In addition, there are the old private banks and new private banks (established in the post reform period) and the foreign banks.

The entire segment is referred to as Scheduled Commercial Banks, since they are included in the Second Schedule of the RBI Act, 1934. We use

the terms scheduled commercial banks and commercial banks interchangeably.
3
The All-India Rural Survey Committee observed that out of the total borrowings of Rs.7500 million for the cultivators in 1951–52,

agriculturalist money lenders and professional money lenders accounted for 24.9% and 44.8%, respectively.
4
The number has since been reduced to 19 with the merger of one public sector bank in 1993.



Table 1

Summary of the banking industry: 1990–91 to 2001–02 (Amount in Rs. billion)

Year/Bank group 1990–91 1995–96 2001–02

SOB Pvt. Forgn. SOB Pvt. Of which:

NPvt.

Forgn. SOB Pvt. Of which:

NPvt.

Forgn.

No. of banks 28 25 23 27 34 9 27 27 28 8 35

Total assets 2929 119 155 5056 460 90 474 11,557 2677 1745 1121

Total deposits 2087 94 85 3908 361 59 306 9687 1694 731 645

Total credit 1306 50 51 2075 219 48 225 4807 1164 701 486

Credit–deposit ratio 0.63 0.52 0.60 0.53 0.61 0.81 0.75 0.49 0.68 0.96 0.75

Share (in percent) of

Total assets 91 4 5 84 8 2 8 75 17 11 8

Total deposits 92 4 4 85 8 1 7 81 14 6 5

Total credit 93 4 3 82 9 2 9 74 18 11 8

Total income 240 104 15 536 53 10 61 1172 208 99 130

Total expenses 235 104 13 540 48 8 54 1089 190 91 115

Total profit 5 0.3 2 3 5 2 7 83 18 8 15

SOB: state-owned banks; Pvt.: private sector banks; NPvt: new private banks; Forgn: foreign banks.
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Financial liberalization process initiated in 1991–92 aimed at creating a more diversified, profitable,

efficient and resilient banking system. The underlying philosophy was to make the banking system more

market-oriented and to that end, engendered a shift in the role of the RBI from micro-management of

banks operations to macro governance. While these reforms were being implemented, the world

economy also witnessed significant changes coinciding with the movement towards global integration of

financial services. Against this backdrop, a Government-appointed Committee on banking sector

reforms provided the blueprint for the current reform process (Government of India, 1998). The

noteworthy developments in the financial system over the period were as follows:

(a) Financial repression through statutory preemption was lowered. Illustratively, at end-March 2002,

the CRR stood at 5.5% (legal minimum is 3%) and SLR at 25% (legal minimum).

(b) The administered interest rate regime was dismantled, allowing banks the freedom to choose their

deposit and lending rates.

(c) Competition was infused by allowing more liberal entry of foreign banks and permitting

functioning of new private banks.

(d) A set of micro-prudential measures (capital adequacy requirements, income recognition, asset

classification and provisioning norms for loans, exposure norms, accounting norms) was

stipulated.

Until 1991–92, all state-owned banks were fully owned by the Government. Since the onset of

reforms, several of the relevant acts were amended to enable the state-owned banks to raise capital up to

49% from the public. As many as 12 state-owned banks accessed the capital market and raised Rs.65

billion until end-March 2002.5 A hallmark of the reform process in India has been its dgradualism,T
which was the outcome of India’s democratic and highly pluralistic polity in which reforms could be

implemented if based on a popular consensus (Ahluwalia, 2002).
5
US $1cRs.46.



Table 2

Some selected banking indicators: 1992–2002 (per cent)

Year Cost of deposits Return on advances Net interest margin CRR SLR Bank rate

1992 6.5 14.7 3.8 15.0 38.5 12.00

1993 7.4 14.2 3.0 14.5 37.8 12.00

1994 6.7 13.1 3.2 14.5 34.8 12.00

1995 5.8 10.9 3.2 15.0 31.5 12.00

1996 7.0 12.9 3.4 13.5 25.0 12.00

1997 7.8 14.6 3.3 10.0 25.0 11.00

1998 7.6 13.0 3.0 10.3 25.0 9.00

1999 8.0 12.7 2.7 10.5 25.0 7.00

2000 7.4 11.5 2.8 8.5 25.0 8.00

2001 7.2 11.1 2.8 8.0 25.0 7.00

2002 7.0 10.5 2.6 5.5 25.0 6.50

Cost of deposits= (Interest paid on deposits/deposits).

Return on advances=(Interest earned on advances/advances).

Net interest margin=(Total interest earned� total interest paid)/total assets.
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Evidence of competitive pressures on the Indian banking industry is clearly indicated from the decline

in the five-bank asset concentration ratio from 0.51 in 1991–92 to 0.44 in 1995–96 and thereafter to 0.41

in 2001–02. At the same time, the number of private and foreign banks increased noticeably (Table 1).

The deregulation of interest rate structure, greater functional autonomy in banks’ day-to-day operations,

gradual lowering of statutory preemption and the activation of the Bank Rate (the rate at which RBI

refinances commercial banks) in 1997 as a major monetary policy signaling instrument coupled with

increased competition have facilitated greater interplay of market forces in resource allocation and

enabling price discovery. In addition, the soft interest rate regime pursued by the RBI has led to a

lowering of interest rates across the board. This is reflected in the gradual thinning of spreads and a

declining trend of the cost of deposits in tandem with a lowering of return on advances rates (Table 2).
4. Technical efficiency and data envelopment analysis

The technical efficiency of a decision-making unit (DMU) refers to its success/failure in transforming

inputs into outputs. It is a relative concept since its measurement requires a standard of performance

against which the success/failure of the firm is assessed. Broadly speaking, contemporary empirical

studies employed parametric or nonparametric frontier techniques to measure the efficiency of firms

relative to an estimated dbest-practiceT frontier that represents the optimal utilization of resources. The

parametric approach usually involves econometric estimation of a pre-specified stochastic production,

cost or profit function. In contrast, nonparametric Data Envelopment Analysis (DEA) approach does not

necessitate the specification of a particular functional form of the frontier. Instead, the frontier is

constructed through a piecewise linear combination of the actual input–output correspondence set that

envelops the data of all the firms in the sample. Hence, efficiency measurement is not contaminated by a

possible misspecification of the functional form.6
6
The main weakness of the DEA is that measurement error and statistical noise are assumed to be non-existent.
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The present study employs the nonparametric frontier approach to estimate the input-oriented

technical efficiency of commercial banks in India.7 This approach measures the efficiency of a DMU

relative to other similar DMUs with the simple restriction that all DMUs lie on or below the efficiency

frontier. The purpose of DEA is to empirically characterize the so-called efficient frontier (surface) based

on the available set of DMUs and project all DMUs onto this frontier. If a DMU lies on the frontier, it is

referred to as an efficient unit, otherwise it is labelled as inefficient. The data are enveloped in such a

way that radial distances to the frontier are minimised. In practice, efficiency scores are calculated by

solving a linear programming problem (Appendix A). The analysis under DEA is concerned with

understanding how each DMU is performing relative to others, the causes of inefficiency, and how a

DMU can improve its performance to become efficient.8 In that sense, DEA calculates the relative

efficiency of each unit in relation to all other units by using the actual observed values for the inputs and

outputs of each DMU. It also identifies, for inefficient DMUs, the sources and level of inefficiency for

each of the inputs and outputs. The DEA is carried out by assuming either constant returns to scale

(CRS) or variable returns to scale (VRS). The estimation with these two assumptions allows the overall

technical efficiency (TE) to be decomposed into two collectively exhaustive components: pure technical

efficiency (PTE) and scale efficiency (SE) i.e., TE=PTE�SE. The former relates to the capability of

managers to utilize firms’ given resources, whereas the latter refers to exploiting scale economies by

operating at a point where the production frontier exhibits constant returns to scale.
5. Specification of bank inputs, outputs and data

It is commonly acknowledged that the choice of variables in efficiency studies significantly affects the

results. The problem is compounded by the fact that variable selection is often constrained by the paucity

of data on relevant variables. The cost and output measurements in banking are especially difficult

because many of the financial services are jointly produced and prices are typically assigned to a bundle

of financial services. The role of commercial banks is generally defined as collecting the savings of

households and other agents to finance the investment needs of firms and consumption needs of

individuals. Three approaches dominate the literature: the production approach, the intermediation

approach and more recently, the modern approach (Frexias & Rochet, 1997). The first two approaches

apply the traditional microeconomic theory of the firm to banking and differ only in the specification of

banking activities. The third approach goes a step further and incorporates some specific activities of

banking into the classical theory and thereby modifies it.

Under the production approach, pioneered by Benston (1965), banks are primarily viewed as

providers of services to customers. The input set under this approach includes physical variables (e.g.,

labor, material, space or information systems) or their associated costs, since only physical inputs are

needed to perform transactions, process financial documents or provide counseling and advisory services

to customers. Interest costs are excluded from this approach on the grounds that only the operational

process is of relevance. The output under this approach represents the services provided to customers
7
A detailed comparison of the methods employed in measuring the efficiency of financial institutions is available in Bauer et al. (1998).

8
The econometric approach of estimating efficiency is usually associated with statistical inference, while the programming approach has been

labelled as deterministic. Recent ongoing research focuses on the issue of merging these two approaches, enabling statistical inference for the

nonparametric approach (Simar, 1996; Simar & Wilson, 1998).
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and is best measured by the number and type of transactions, documents processed or specialized

services provided over a given time period. In case of non-availability of detailed transaction flow data,

they are substituted by the data on the number of deposit and loan accounts, as a surrogate for the level

of services provided. This approach has primarily been employed in studying the efficiency of bank

branches.

Under the intermediation approach, financial institutions are viewed as intermediating funds between

savers and investors. Banks produce intermediation services through the collection of deposits and other

liabilities and their application in interest-earning assets, such as loans, securities and other investments.

This approach includes both operating and interest expenses as inputs, whereas loans and other major

assets count as outputs. There is, however, a longstanding controversy whether deposits should be

treated as input or output. The available literature on the identification of banking output led to the

establishment of the asset, user cost and value-added approaches, which can be viewed as variants of

the intermediation approach. All the three approaches focus on the intermediation activity of banks and

mainly use financial data.9 The asset approach is a reduced form modeling of the banking activity,

focusing exclusively on the role of banks as financial intermediaries between depositors and final users

of bank assets. Deposits and other liabilities, together with real resources (labor and capital) are defined

as inputs, whereas the output set includes only bank assets such as loans (Sealy & Lindley, 1977). The

user cost approach determines whether a financial product is an input or an output on the basis of its net

contribution to bank revenue. If the financial returns on an asset exceed the opportunity cost of the funds

or alternately, if the financial costs of a liability are less than the opportunity cost, they are considered as

outputs; otherwise, they are considered as inputs (Hancock, 1985). Finally, the value-added approach

identifies those balance sheet categories (assets or liabilities) as outputs that contribute to the bank value

added, i.e., business associated with the consumption of real resources (Berger, Hanweck, & Humphrey,

1987). In general, under this approach, the major categories of produced deposits (e.g., demand, term

and saving deposits) and loans (e.g., mortgages and commercial loans) are viewed as outputs because

they are responsible for the significant proportion of value added. The modern approach seeks to

integrate some measure for risk, agency costs and quality of bank services. One of the most innovative

facets of this approach is the introduction of the quality of bank assets and the probability of bank failure

in the estimation of costs. This approach is best represented through the ratio-based CAMEL approach.10

In this approach, the individual components of CAMEL are derived from the financial tables of the

banks and are used as variables in the performance analysis. In addition, the operating approach (or

income-based approach) views banks as business units with the final objective of generating revenue

from the total cost incurred for running the business (Leightner & Lovell, 1998). Accordingly, it defines

banks’ output as the total revenue (interest and non-interest) and inputs as the total expenses (interest and

operating expenses).11

The appropriateness of each approach varies according to the circumstances. It is apparent that banks

undertake simultaneous functions. However, based on practical considerations and to examine the

robustness of the estimated efficiency scores under various alternatives, the present study focuses on

three major approaches: (a) intermediation approach, (b) value-added approach and (c) operating
9
For a detailed description of these approaches, see Berger and Humphrey (1992).

10
CAMEL is the acronym for Capital adequacy, Asset quality, Management, Earnings and Liquidity.

11
Operating approach of defining inputs and outputs of banks has also been popular (Jemric & Vujcic, 2002).



Table 3

Variables employed in the efficiency estimation

Approaches Inputs Outputs

Panel A: Intermediation approach x1=Demand deposits y1=Advances

x2=Saving deposits y2= Investments

x3=Fixed deposits

x4=Capital related operating expenses

x5=Labor (employee expenses)

Panel B: Value-added approach x1=Labor (employee expenses) y1=Advances

x2=Capital related operating expenses y2=Investments

x3= Interest expenses y3=Demand deposits

y4=Saving deposits

y5=Fixed deposits

Panel C: Operating approach x1= Interest expenses, y1= Interest income

x2=Employee expenses y2=Non-interest income

x3=Capital related operating expenses
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approach. Under the intermediation approach, we assume deposits, labor (employee expenses) and

capital (defined as operating and administrative expenses related to fixed assets12) as inputs for

producing loans and investments. Under the value-added approach, labor (employee expenses), capital

(operating and administrative expenses related to fixed assets) and interest expenses are used as inputs

producing outputs like deposits, loans and investments. Since size and concentration of deposits vary

significantly across different ownership of banks in India, deposits are further classified as current,

savings and fixed categories for both the abovementioned approaches. Under the operating approach,

three different types of inputs are considered: interest expenses, employee expenses and other operating

expenses excluding employee expenses. The relevant outputs are interest-related revenues and non-

interest revenues emanating mostly from commission, exchange, brokerage, etc. Selected inputs and

outputs under various alternative approaches as employed in the study are summarised in Table 3.

Bank-wise data of all scheduled commercial banks spanning the period 1992 through 2002 are culled

out from the various issues of Statistical Tables Relating to Banks in India. This publication of the RBI

provides the annual audited data on the balance sheet and profit and loss accounts of individual banks.

The financial year for banks runs from the first day of April of a particular year to the last day of March

of the subsequent year. Accordingly, the year 1992 corresponds to the period 1991–92 (April–March)

and so on, for the other years. Bank-wise data on number of employees are obtained from various issues

of Performance Highlights of Banks, a yearly publication of the Indian Banks Association (IBA), which

is a self-regulatory body of Indian banks. In order to obtain a comprehensive sample, we consider the

entire gamut of banks over the period, comprising public sector banks, Indian private banks and foreign

banks, accounting for nearly 95% of total assets of the banking sector. It, however, needs to be

recognized that new private banks became operational only since 1996 and the number of reporting

banks witnessed a sharp increase from 1996 onwards. Subsequently, the banking industry also witnessed

some consolidation activity, both domestic and international. As a result, the number of reporting banks

varies from year to year.
12
Capital related operating and administrative expenses include rent, taxes, lighting, printing and stationery, depreciation on bank property,

repairs and maintenance, and insurance.
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6. Results and discussion

This section analyses the empirical findings on the major issues outlined at the beginning of the study.

The results are classified into three broad heads: first, we describe the estimates of overall efficiency

during the post reform period under the three alternative approaches. Second, we employ a univariate

cross-tabulation approach to trace the empirical correlates of efficiency under different financial and

prudential parameters. Such an approach has been widely employed in empirical studies on bank

efficiency (Wheelock & Wilson, 1999). The univariate approach, however, does not satisfactorily

address the interrelationship among technical efficiency and bank financial parameters, since most bank

characteristics considered in the study would be correlated with each other. To address this aspect and to

substantiate the results under the univariate approach, finally a multivariate regression framework is also

employed to relate bank level efficiency scores to bank characteristics.

6.1. Efficiency of Indian banks in the post reform period

The summary results of technical, pure technical and scale efficiency estimates under the three

approaches are presented in Tables 4–6, respectively. The average technical efficiency estimate (M)

represents the average of all optimal values obtained from CCR model for each commercial bank (Table

4).13 The empirical results suggest a large asymmetry between banks regarding their technical efficiency

scores. In particular, the different approaches of measuring inputs and outputs of banks produced

divergent sets of efficiency estimates.14 The estimates of technical efficiency were observed to be

consistently higher under value-added approach vis-à-vis the intermediation and operating approaches.

In general, use of more number of inputs/outputs leads to higher DEA score.15 This could be a possible

reason for observing higher DEA score under value-added approach. In addition, during the post reform

period, the commercial banks performed consistently well in augmenting their deposit base (output) and

thereby recorded higher technical efficiency under value-added approach. Under the intermediation

approach, banks are characterized by relatively low level of technical efficiency. Illustratively, as on

March 2002, 30 banks (around 33%) were found to be efficient and the average technical efficiency for

all banks stood at 76%. The number of efficient banks during the sample period ranged from 13 in 1994

to 32 in 1999 under intermediation approach and 9 in 1992 to 16 in 1999 under the operating approach.

Under the value-added approach, on the other hand, the number of efficient banks was the highest

ranging from 26 in 1995 to 65 in 2000; the average efficiency levels were also markedly higher. In sum,

during 1992–2002, there was no perceptible change in number of efficient banks under the operating

approach, although a noticeable increase was evidenced under the intermediation and value-added

approaches. The dispersion of technical efficiency scores as measured by its standard deviation roughly

depicts an increasing trend. On the other hand, the percentage of banks wherein technical efficiency lies

within the interval of one standard deviation around the mean hovered around 60 to 65 under the

operating approach; these numbers were, however, far higher under the value-added approach. As the

technical efficiency estimate itself is time varying, these proportions do not necessarily corroborate the
13
The figures reported in Table 4 are not strictly comparable across years since DEA measures relative (and not absolute) efficiency.

14
The difference in mean efficiency under various approaches can be justified because in a deterministic frontier framework, statistical noise is

not separated from inefficiency and the results are particularly sensitive to the presence of extreme observations.
15

This issue is sometimes called the dcurse of dimensionalityT when few firms have many dimensions (inputs and outputs) as in the case of

value-added approach (Coelli, Prasad Rao, & Battese, 1998).



Table 4

Average technical efficiency of banks: 1992–2002

Year No. of

banks

No. of

efficient

banks

Average

efficiency

(M)

Average

inefficiency

[(1�M)/M]

Standard

deviation

(r)

Minimum Interval

I =[M�r; M +r]
Percentage of

banks in I

Intermediation approach

1992 74 16 0.839 0.192 0.123 0.528 [0.716; 0.962] 59.46

1993 74 17 0.731 0.368 0.180 0.424 [0.550; 0.911] 56.76

1994 74 13 0.745 0.342 0.155 0.392 [0.590; 0.900] 68.92

1995 76 15 0.804 0.244 0.138 0.490 [0.666; 0.942] 63.16

1996 88 25 0.775 0.290 0.186 0.295 [0.589; 0.961] 47.73

1997 92 17 0.730 0.369 0.187 0.222 [0.543; 0.918] 63.04

1998 94 29 0.809 0.236 0.181 0.258 [0.628; 0.990] 52.13

1999 95 32 0.833 0.200 0.165 0.454 [0.669; 0.998] 43.16

2000 98 30 0.778 0.285 0.193 0.227 [0.585; 0.971] 51.02

2001 96 29 0.796 0.256 0.178 0.405 [0.618; 0.974] 45.83

2002 90 30 0.762 0.312 0.212 0.317 [0.551; 0.974] 45.56

Value-added approach

1992 74 48 0.950 0.053 0.112 0.252 [0.838; 1.062] 91.89

1993 74 32 0.928 0.077 0.083 0.740 [0.845; 1.012] 82.43

1994 74 36 0.907 0.102 0.111 0.589 [0.796; 1.019] 78.38

1995 76 26 0.912 0.097 0.095 0.548 [0.817; 1.007] 89.47

1996 88 30 0.869 0.150 0.145 0.270 [0.724; 1.014] 85.23

1997 92 50 0.913 0.096 0.140 0.394 [0.773; 1.053] 85.87

1998 94 64 0.934 0.070 0.140 0.361 [0.794; 1.074] 88.30

1999 95 58 0.927 0.079 0.125 0.327 [0.801; 1.052] 88.42

2000 98 65 0.919 0.088 0.156 0.293 [0.763; 1.075] 85.71

2001 96 52 0.897 0.115 0.152 0.155 [0.745; 1.050] 87.50

2002 90 43 0.883 0.133 0.181 0.258 [0.702; 1.064] 86.67

Operating approach

1992 74 9 0.738 0.356 0.139 0.540 [0.598; 0.877] 65.28

1993 74 13 0.689 0.452 0.190 0.439 [0.499; 0.878] 63.89

1994 74 11 0.711 0.406 0.183 0.449 [0.528; 0.894] 60.81

1995 76 10 0.723 0.383 0.153 0.301 [0.570; 0.876] 72.73

1996 88 12 0.766 0.305 0.156 0.221 [0.610; 0.922] 63.22

1997 92 12 0.780 0.282 0.144 0.271 [0.636; 0.924] 71.74

1998 94 11 0.747 0.338 0.149 0.369 [0.598; 0.897] 65.63

1999 95 16 0.732 0.366 0.171 0.149 [0.561; 0.903] 65.31

2000 98 11 0.731 0.368 0.145 0.420 [0.586; 0.876] 68.00

2001 96 11 0.763 0.311 0.135 0.388 [0.628; 0.898] 71.43

2002 90 13 0.780 0.282 0.150 0.381 [0.630; 0.930] 66.32
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degree of (in)efficiency of the banking system. For example, under the intermediation approach, around

59% in 1992 and around 63% in 1997 of banks recorded technical efficiency within the interval of one

standard deviation around the mean.16 Yet, banks were much more efficient in 1992 than in 1997. As
16
This may happen due to the simple mathematical consequence that efficient units never fall within that interval when the upper limit is lower

than 1, as observed under intermediation approach and operating approach in Table 4.



Table 5

Average pure technical efficiency of banks: 1992–2002

Year No. of

banks

No. of

efficient

banks

Average

efficiency

(M)

Average

inefficiency

[(1�M)/M]

Standard

deviation

(r)

Minimum Interval

I =[M�r; M +r]
Percentage of

banks in I

Intermediation approach

1992 74 27 0.909 0.100 0.105 0.622 [0.805; 1.014] 82.43

1993 74 35 0.872 0.147 0.170 0.434 [0.702; 1.042] 78.38

1994 74 41 0.908 0.101 0.136 0.483 [0.772; 1.045] 79.73

1995 76 45 0.939 0.064 0.098 0.621 [0.841; 1.038] 81.58

1996 88 50 0.922 0.085 0.124 0.542 [0.798; 1.046] 80.68

1997 92 47 0.908 0.102 0.139 0.448 [0.769; 1.047] 81.52

1998 94 46 0.916 0.092 0.121 0.480 [0.794; 1.037] 82.98

1999 95 67 0.957 0.045 0.098 0.516 [0.859; 1.055] 88.42

2000 98 61 0.934 0.070 0.120 0.446 [0.815; 1.054] 82.65

2001 96 56 0.915 0.093 0.137 0.490 [0.778; 1.052] 80.21

2002 90 38 0.807 0.240 0.205 0.317 [0.602; 1.011] 83.33

Value-added approach

1992 74 61 0.976 0.025 0.075 0.615 [0.901; 1.050] 90.54

1993 74 56 0.976 0.024 0.051 0.813 [0.925; 1.027] 85.14

1994 74 57 0.974 0.027 0.066 0.715 [0.908; 1.040] 86.49

1995 76 65 0.990 0.010 0.034 0.817 [0.956; 1.024] 90.79

1996 88 71 0.976 0.025 0.067 0.638 [0.908; 1.043] 89.77

1997 92 83 0.989 0.011 0.067 0.395 [0.922; 1.056] 96.74

1998 94 78 0.965 0.036 0.114 0.361 [0.851; 1.079] 89.36

1999 95 78 0.960 0.041 0.108 0.380 [0.852; 1.068] 89.47

2000 98 82 0.960 0.042 0.122 0.303 [0.838; 1.081] 89.80

2001 96 71 0.955 0.047 0.100 0.563 [0.855; 1.055] 87.50

2002 90 87 0.961 0.041 0.112 0.498 [0.849; 1.073] 96.67

Operating approach

1992 74 19 0.861 0.161 0.124 0.614 [0.737; 0.985] 50.00

1993 74 27 0.868 0.152 0.137 0.477 [0.730; 1.005] 83.33

1994 74 26 0.877 0.140 0.142 0.452 [0.735; 1.019] 79.73

1995 76 25 0.871 0.148 0.144 0.355 [0.727; 1.015] 81.82

1996 88 31 0.897 0.115 0.115 0.580 [0.782; 1.012] 83.91

1997 92 27 0.890 0.124 0.127 0.333 [0.763; 1.017] 83.70

1998 94 30 0.879 0.138 0.127 0.535 [0.751; 1.006] 81.25

1999 95 32 0.887 0.127 0.143 0.171 [0.744; 1.030] 83.67

2000 98 33 0.889 0.125 0.126 0.512 [0.763; 1.015] 85.00

2001 96 35 0.880 0.136 0.133 0.431 [0.747; 1.013] 82.65

2002 90 39 0.900 0.111 0.125 0.427 [0.775; 1.026] 87.37
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against the changing benchmark of comparison, these proportions quantify the number of banks that are

close to the average over time and thus merely capture the skewness of the efficiency distribution.

Overall, the findings presented in Table 4 clearly bring forth the high degree of inefficiency of several

Indian banks during the sample period. Most of the inefficiency stemmed from the under utilization of

resources (inputs). Finally, considering the evolution of efficiency over time, a clear temporal pattern

does not emerge from these three different approaches. However, especially under the intermediation



Table 6

Average scale efficiency of banks: 1992–2002

Year No. of

banks

No. of

efficient

banks

Average

efficiency

(M)

Average

inefficiency

[(1�M)/M]

Standard

deviation

(r)

Minimum Interval

I =[M�r; M +r]
Percentage of

banks in I

Intermediation approach

1992 74 16 0.925 0.081 0.100 0.528 [0.826; 1.025] 85.14

1993 74 17 0.846 0.182 0.146 0.498 [0.700; 0.992] 54.05

1994 74 13 0.825 0.212 0.136 0.544 [0.689; 0.961] 58.11

1995 76 16 0.857 0.167 0.123 0.536 [0.734; 0.981] 57.89

1996 88 26 0.843 0.187 0.165 0.295 [0.678; 1.007] 81.82

1997 92 17 0.812 0.232 0.181 0.222 [0.631; 0.993] 60.87

1998 94 29 0.884 0.132 0.151 0.258 [0.733; 1.034] 85.11

1999 95 34 0.870 0.149 0.141 0.454 [0.730; 1.011] 84.21

2000 98 30 0.832 0.202 0.171 0.299 [0.661; 1.003] 82.65

2001 96 29 0.871 0.148 0.141 0.463 [0.731; 1.012] 84.38

2002 90 31 0.945 0.059 0.083 0.602 [0.861; 1.028] 87.78

Value-added approach

1992 74 49 0.971 0.030 0.081 0.410 [0.890; 1.051] 90.54

1993 74 32 0.951 0.051 0.071 0.744 [0.880; 1.022] 83.78

1994 74 38 0.932 0.073 0.095 0.684 [0.836; 1.027] 79.73

1995 76 27 0.922 0.085 0.095 0.548 [0.827; 1.017] 89.47

1996 88 30 0.892 0.122 0.137 0.270 [0.755; 1.028] 87.50

1997 92 52 0.923 0.083 0.127 0.449 [0.796; 1.051] 88.04

1998 94 68 0.968 0.033 0.088 0.518 [0.880; 1.057] 89.36

1999 95 60 0.965 0.036 0.072 0.589 [0.892; 1.037] 85.26

2000 98 66 0.957 0.045 0.098 0.404 [0.859; 1.055] 88.78

2001 96 52 0.940 0.064 0.124 0.155 [0.815; 1.064] 86.46

2002 90 44 0.883 0.133 0.181 0.258 [0.702; 1.064] 86.67

Operating approach

1992 74 9 0.862 0.160 0.127 0.567 [0.734; 0.989] 63.89

1993 74 14 0.795 0.258 0.166 0.489 [0.628; 0.961] 54.17

1994 74 11 0.816 0.225 0.168 0.477 [0.648; 0.984] 52.70

1995 76 11 0.837 0.194 0.140 0.551 [0.697; 0.977] 54.55

1996 88 13 0.857 0.167 0.148 0.274 [0.709; 1.005] 80.46

1997 92 12 0.878 0.138 0.118 0.416 [0.760; 0.996] 66.30

1998 94 11 0.853 0.173 0.125 0.430 [0.728; 0.977] 60.42

1999 95 16 0.823 0.215 0.119 0.556 [0.705; 0.942] 62.24

2000 98 11 0.822 0.217 0.101 0.533 [0.721; 0.922] 67.00

2001 96 11 0.869 0.151 0.094 0.569 [0.774; 0.963] 61.22

2002 90 13 0.866 0.154 0.107 0.556 [0.759; 0.973] 65.26
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approach, inefficiency exists in the production of banking services and appears to be an important

determinant of banks’ costs. Therefore, any empirical examination of the performance of Indian banks

would need to take cognizance of the presence of inefficiency.

Once pure technical efficiency for each bank is estimated using VRS, scale efficiency is derived by

dividing the technical efficiency (CRS) by pure technical efficiency (VRS). These estimates are
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presented in Tables 5 and 6. It is observed that over the sample period, both pure technical and scale

efficiency measures, especially under intermediation approach, display significant variation and the

sector did not achieve sustained efficiency gains. Estimates of pure technical efficiency under the

intermediation approach vary from a low of 80% in 2002 to a high of 96% in 1999. In most of the years,

over 50% of banks were found to be purely technically efficient. Interestingly, the percentage of banks

whose pure technical efficiency falls within the interval of one standard deviation around the mean

remained fairly stable over the years. For example, this percentage stood at around 80% under

intermediation approach, while the same under value-added approach and operating approach fluctuated

around 90% and 82%, respectively. This suggests that the distribution of pure technical efficiency has

been skewed during the period under study.

It is interesting to note that the number of efficient banks under CRS (technical efficiency) technology

and VRS technology (pure technical efficiency) differs markedly, irrespective of the choice of various

inputs and outputs. This clearly demonstrates the existence of sizable scale inefficiency among Indian

banks. Under the intermediation approach, for example, Table 5 reveals that 56 banks were found to be

efficient under VRS in 2001, whereas only 29 banks were found to be efficient under CRS. This meant

that the remaining 27 banks failed to reach the CRS frontier owing to scale inefficiencies. Therefore,

scale inefficiency does appear to be a serious problem of Indian banks. In general, average scale

efficiency estimates of Indian banks were found to be low and varying below 90% for most of the years

under intermediation and operating approach (Table 6). Thus, with respect to their current scale of

operations, commercial banks are likely to lose sizable output.

6.2. Univariate approach

Under the univariate approach, the estimates of technical efficiency obtained from the DEA model are

cross-tabulated and analysed to examine how technical efficiency varies by ownership, size, capital

adequacy, non-performing loans, etc.

6.2.1. Technical efficiency and bank ownership

The reasons why different ownership structures of banks may produce different efficiency levels have

been extensively explored in the finance literature; and the dominant model of the effect of ownership

utilizes the principal agent framework and public choice theory to highlight the importance of the extent

to which management is constrained by capital market discipline. The theoretical argument is

straightforward: a lack of capital market discipline weakens owners’ control over management, enabling

the latter to pursue their own interests, and giving fewer incentives to be efficient.

The evidence according to ownership reveals that public sector banks, in general, were more efficient

than their private counterparts (Table 7). The findings of relatively high efficiency of public sector banks

are fairly robust, for both intermediation and value-added approaches. In a relative sense, private banks

performed poorly during the entire sample period. Among public sector banks, efficiency level of State

Bank of India and its associates was noticeably higher than that of nationalized banks (see Footnote 2).

Indeed, during several years, efficiency level of the former was even higher than that of foreign banks,

especially in the latter half of the sample period. It is likely that this category of banks, by virtue of

undertaking most of the government borrowing programs, can generate significant fee-based income

from this source and thus tends to be more efficient. Thus, evidence suggests that efficiency gains

wrought in by broad-basing the ownership of public sector banks through reduction in government



Table 7

Technical efficiency and ownership: 1992–2002

Year/Bank group State bank group Nationalized banks Indian private banks Foreign banks

Intermediation approach

1992 0.877 0.828 0.756 0.906

1993 0.709 0.693 0.648 0.856

1994 0.697 0.774 0.637 0.811

1995 0.800 0.806 0.755 0.829

1996 0.763 0.845 0.726 0.758

1997 0.683 0.712 0.730 0.721

1998 0.845 0.872 0.795 0.757

1999 0.859 0.829 0.796 0.858

2000 0.839 0.776 0.732 0.790

2001 0.897 0.789 0.708 0.826

2002 0.842 0.732 0.668 0.847

Value-added approach

1992 0.886 0.959 0.947 1.000

1993 0.871 0.938 0.911 0.947

1994 0.795 0.914 0.877 0.949

1995 0.843 0.920 0.904 0.908

1996 0.834 0.899 0.915 0.817

1997 0.870 0.931 0.948 0.904

1998 1.000 0.989 0.966 0.884

1999 0.953 0.967 0.926 0.907

2000 0.971 0.963 0.962 0.883

2001 0.967 0.966 0.890 0.879

2002 0.925 0.949 0.919 0.801

Operating approach

1992 0.718 0.613 0.712 0.886

1993 0.655 0.518 0.640 0.921

1994 0.616 0.577 0.646 0.935

1995 0.663 0.638 0.689 0.859

1996 0.761 0.653 0.797 0.807

1997 0.836 0.738 0.792 0.788

1998 0.809 0.718 0.763 0.738

1999 0.751 0.715 0.760 0.713

2000 0.774 0.729 0.759 0.700

2001 0.836 0.782 0.759 0.736

2002 0.855 0.801 0.790 0.746
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holding have, at best, been limited. The findings, in a way, run contrary to the cross-country findings of

Caprio and Peria (2000), who report increased government ownership as a deterrent to the development

of the banking system. However, under the operating approach, nationalized banks were found to be less

efficient. For these banks, the government ownership was observed to have had an adverse impact on

their efficiency. Several reasons can be adduced in support of these findings. First, nationalized banks are

often perceived as having multiple goals: although the liberalization process might have created an overt

focus on profit maximization, certain peripheral objectives, e.g., encouraging employment of low-skilled
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workers, promoting job opportunities in rural areas by opening additional branches might have been

relevant as well. Second, it also seems likely that in pursuance of government policy objectives,

managers in these banks might have followed a strategy of advancing greater quantum of loans to the

priority sector, which, being lent at below-market rates, would have ended up yielding a low return on

advances. Some recent empirical evidence based on individual loan accounts of a medium-sized public

sector bank in India corroborates the presence of dlending inertia.T Despite alternative lending

opportunities, public sector banks have not been pro-active in seizing the opportunities offered by

liberalization possibly due to the dfear of prosecutionT (Banerjee, Cole, & Duflo, 2004).17

Under various alternative approaches, efficiency of foreign banks was found to be even lower than that

of Indian private banks. The post-liberalization era witnessed the entry of several foreign banks in the

Indian financial marketplace. Themajority of these single-branch banks are yet to establish a stable deposit

base, which might have adversely affected their financial performance. In addition, new private banks,

with their high level of technology deployment and low manpower costs began to compete on an equal

footing with the foreign banks as evidenced from the declining trend of efficiency estimates since 1996. It

may be mentioned that the dpulling downT effect of old private banks in the dIndian private bankT category
lowered the technical efficiency of Indian private banks especially in the latter half of 1990s (Table 7).

6.2.2. Technical efficiency and bank size

An examination of the relationship between size and efficiency exhibits certain interesting features. In

general, both, under the intermediation and operating approaches, banks in the asset size between Rs.50–

100 billion and Rs.100–200 billion experienced highest efficiency levels. On the other hand, under the

value-added approach, the largest banks (assets exceeding Rs.200 billion) witnessed the highest

efficiency (Table 8).

In contrast, both the small (assets up to Rs.50 billion) and largest (assets above Rs.200 billion) banks

recorded relatively lower efficiency levels under the intermediation and operating approaches. This would

suggest that efficiency tend to be lower in the highest and lowest size classes, indicating the possibility of

an inverted U-shaped relationship in the Indian context. In the existing scale of operations, both largest

and smallest banks are operating far below from the efficient frontier. In other words, while small banks

would need to increase their size to reap sustained efficiency gains, the largest banks, on the other hand,

would need to trim down their size to overcome their technical inefficiency. It seems plausible that the

expansion of branch networks of these large banks to rural as well as to metropolitan areas, many of which

tend to be unviable, may have increased costs and thereby impacted negatively on efficiency.

6.2.3. Technical efficiency and bank capital

The capital adequacy ratio (CAR) is positively related to the technical efficiency and, in most cases, it

is observed that higher the CAR of the bank, the larger is the magnitude of technical efficiency estimates

(Table 9). This relationship is more pronounced under the operating approach. This positive effect of

CAR on technical efficiency might be reflective of the fact that well-capitalized banks are perceived to

be relatively safe, which in turn lowers their cost of borrowing and consequently is efficiency enhancing.
17
The fear of prosecution hypothesis argues the following: public sector employees, being Government servants are subject to anti-corruption

legislation. As a consequence, a credit gone bad can have significant pecuniary and other (loan officer being relieved of the duties, transferred or

passed over for promotion) effects. There are no explicit incentives for making good loans; therefore, simply renewing the loan without

changing the amount is the easiest way to avoid responsibility (fear of prosecution).



Table 8

Technical efficiency and size: 1992–2002

Year/Size I II III IV

Intermediation approach

1992 0.816 0.835 0.871 0.837

1993 0.720 0.748 0.743 0.727

1994 0.725 0.656 0.775 0.752

1995 0.823 0.707 0.774 0.818

1996 0.747 0.751 0.752 0.819

1997 0.738 0.698 0.717 0.694

1998 0.775 0.828 0.803 0.844

1999 0.822 0.878 0.803 0.848

2000 0.744 0.791 0.817 0.786

2001 0.756 0.790 0.843 0.800

2002 0.772 0.770 0.723 0.769

Value-added approach

1992 0.976 0.909 0.924 0.982

1993 0.940 0.869 0.907 0.939

1994 0.920 0.866 0.850 0.921

1995 0.923 0.914 0.845 0.912

1996 0.868 0.820 0.890 0.899

1997 0.916 0.970 0.919 0.913

1998 0.927 0.931 0.932 0.997

1999 0.903 0.952 0.919 0.982

2000 0.909 0.927 0.953 0.974

2001 0.876 0.893 0.943 0.958

2002 0.840 0.932 0.873 0.954

Operating approach

1992 0.806 0.771 0.709 0.644

1993 0.792 0.772 0.598 0.570

1994 0.805 0.764 0.651 0.605

1995 0.802 0.729 0.661 0.663

1996 0.782 0.870 0.755 0.683

1997 0.792 0.834 0.789 0.737

1998 0.755 0.795 0.741 0.717

1999 0.722 0.780 0.733 0.728

2000 0.714 0.798 0.739 0.731

2001 0.733 0.806 0.774 0.791

2002 0.756 0.793 0.805 0.810

I: Assets up to Rs.50 billion, II: Assets exceeding Rs.50 billion and up to Rs.100 billion. III: Assets exceeding Rs.100 billion

and up to Rs.200 billion, IV: Assets exceeding Rs.200 billion.
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Evidence for the US banking industry for the 1990s suggests that well-capitalized banks experienced

lower borrowing costs (Bernauer & Koubi, 2002). In addition, well-capitalized banks are expected to

have better credit risk management practices and thus able to contain their loan loss provisioning. Each

of these results has a relatively small effect on banks on an average but may have a substantial effect on

individual banks that are most subject to bad luck, bad management, skimping and/or moral hazard

(Caprio & Klingebiel, 1996).



Table 9

Technical efficiency and capital adequacy ratio: 1996–2002

Year/CAR (%) Up to 3 3 to 6 6 to 9 More than 9

Intermediation approach

1996 0.718 0.721 0.771 0.777

1997 0.655 0.700 0.714 0.735

1998 0.718 0.713 0.734 0.820

1999 0.773 – 0.740 0.837

2000 0.701 0.714 – 0.782

2001 0.716 – 0.732 0.802

2002 0.737 0.707 0.749 0.767

Value-added approach

1996 0.903 0.909 0.916 0.937

1997 0.830 0.810 0.933 0.949

1998 0.833 0.904 0.943 0.940

1999 0.782 – 0.829 0.937

2000 0.748 0.897 – 0.922

2001 0.895 – 0.919 0.928

2002 0.809 0.841 0.867 0.884

Operating approach

1996 0.656 0.662 0.802 0.772

1997 0.661 0.779 0.802 0.781

1998 0.556 0.651 0.705 0.756

1999 0.563 – 0.727 0.742

2000 0.636 0.691 – 0.732

2001 0.622 – 0.739 0.773

2002 0.668 0.859 0.702 0.783
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6.2.4. Technical efficiency and non-performing loans

Efficiency estimates under various non-performing loan (NPL) classifications are presented in Table

10.18 Irrespective of the choice of inputs and outputs, it is observed that high levels of NPLs are

associated with low efficiency estimates and vice versa. Therefore, the results are broadly supportive of

the dbad management hypothesisT (Berger & DeYoung, 1997). In other words, increases in non-

performing loans tend to be followed by decreases in measured efficiency, suggesting that high levels of

sticky loans cause banks to increase spending on monitoring, administering and/or selling off these

loans, and possibly become more diligent in administering the portion of their existing loan portfolio that

is currently performing.

6.2.5. Technical efficiency of dpeer groupsT
Finally, the quality of management plays a crucial role in shaping the performance of banks. To

exemplify, suppose two banks of roughly the same size conduct business in a market with essentially the

same customer base and economic conditions. In such a set up, the differential performance among banks

would broadly be traced to the differences in management quality. Following from our earlier analysis,
18
NPL classifications are based on the ratio of NPL as percentage of advances. The data on this variable are available from 1996 onwards. A

discussion on the classification of NPL is provided in RBI (2002).



Table 10

Technical efficiency and non-performing loans: 1996–2002

Year/NPA (%) Up to 10 10 to 15 More than 15

Intermediation approach

1996 0.811 0.765 0.855

1997 0.759 0.730 0.721

1998 0.823 0.807 0.763

1999 0.882 0.837 0.792

2000 0.798 0.780 0.747

2001 0.792 0.803 0.756

2002 0.877 0.746 0.739

Value-added approach

1996 0.937 0.882 0.872

1997 0.920 0.915 0.866

1998 0.914 0.932 0.806

1999 0.954 0.874 0.837

2000 0.937 0.845 0.874

2001 0.909 0.905 0.830

2002 0.950 0.888 0.799

Operating approach

1996 0.780 0.714 0.602

1997 0.779 0.768 0.841

1998 0.752 0.748 0.658

1999 0.738 0.737 0.718

2000 0.741 0.694 0.671

2001 0.781 0.686 0.755

2002 0.783 0.816 0.736
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while most of the factors can be quantified fairly easily from current financial statements, management

quality, to some extent, is an elusive and subjective measure. In order to tackle the issue without

sacrificing the objectivity of the process, we examine the impact of similar management pattern on the

technical efficiency of banks, classified into six peer groups. These peer groups are categorised based

essentially on the three-fold features of asset base, functionality and geographic location. For example, the

new private banks which became operational since 1996, roughly of the same magnitude (in terms of

assets) and catering to a distinct clientele are considered in one group. Likewise, the large public sector

banks, with a vast network of rural, urban and semi-urban branches, large workforce and similar levels of

technology deployment are classified as another peer group. Old private banks with broadly similar asset

base catering to different regional segments of the economy form yet another peer group.

The empirical analysis reveals that new private banks tend to be more technically efficient.

Economically, new private banks with their leaner and skilled workforce are better placed to implement

sophisticated risk management techniques and operational innovations and are also well equipped to

internalize the recent innovation of banking practices. This might be an important factor driving the

result. There are two clear distinctive efficiency patterns among foreign bank category. The new foreign

banks (operative post reform) recorded much lower technical efficiency. As mentioned earlier, the newly

established foreign banks are yet to establish a significant banking business in India, with the majority of

such one-branch banks primarily functioning as agents for facilitating trade transactions with their home



A. Das, S. Ghosh / Review of Financial Economics 15 (2006) 193–221 213
country. On the other hand, well established (old) foreign banks have made significant inroads into the

banking market through introduction of sophisticated financial products and banking practices and, as a

consequence, have built up a dedicated client base. In the public sector category, small–medium public

sector banks (with assets size less than or equal to Rs.100 billion) performed reasonably well and

virtually at par with the old foreign and new private banks (Table 11).

6.3. Multivariate approach: a Tobit analysis

In order to corroborate the findings of the univariate approach, we follow a two-stage multivariate

approach based on Tobit regression. A commonly held view in the efficiency literature is that the use of

Tobit model can handle the characteristics of the distribution of (in)efficiency measures and thus can

provide important policy guidelines. As the dependent variable inefficiency score is bounded between 0
Table 11

Technical efficiency and peer groups: 1996–2002

Year/Peer group I II III IV V VI

Intermediation approach

1996 0.798 0.646 0.895 0.667 0.815 0.845

1997 0.891 0.565 0.850 0.648 0.725 0.706

1998 0.918 0.614 0.858 0.734 0.852 0.870

1999 0.964 0.755 0.913 0.699 0.844 0.841

2000 0.977 0.739 0.831 0.637 0.782 0.785

2001 0.895 0.763 0.880 0.624 0.828 0.798

2002 0.638 0.782 0.879 0.684 0.739 0.765

Value-added approach

1996 0.940 0.762 0.824 0.886 0.883 0.910

1997 1.000 0.870 0.885 0.914 0.921 0.927

1998 0.998 0.775 0.905 0.941 0.989 0.998

1999 1.000 0.854 0.926 0.888 0.941 0.979

2000 1.000 0.813 0.870 0.951 0.940 0.985

2001 0.880 0.815 0.865 0.897 0.948 0.971

2002 1.000 0.712 0.845 0.896 0.895 0.977

Operating approach

1996 0.834 0.796 0.853 0.742 0.754 0.662

1997 0.812 0.745 0.800 0.775 0.805 0.736

1998 0.761 0.617 0.786 0.748 0.778 0.717

1999 0.863 0.618 0.775 0.698 0.742 0.721

2000 0.869 0.636 0.727 0.708 0.745 0.733

2001 0.832 0.715 0.772 0.718 0.791 0.795

2002 0.848 0.686 0.767 0.766 0.811 0.814

Peer Group I—New private banks.

Peer Group II—New foreign banks (operative post reforms).

Peer Group III—Old foreign banks (operative before initiation of reforms and in existence at present).

Peer Group IV—Old private banks.

Peer Group V—Small public sector banks (assets up to Rs.100 billion).

Peer Group VI—Large public sector banks (assets exceeding Rs.100 billion).
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and 1, an appropriate theoretical specification is a Tobit model with two-side censoring. However, firms

with inefficiency score of 1 will never be observed in practice. Therefore, the results of the empirical

analysis will not be different if one specifies a one or a two-side Tobit model. Accordingly, DEA

inefficiency scores obtained in the first stage are used as the dependent variables in the second stage one-

side censored Tobit model in order to allow for the restricted [0, 1] range of inefficiency values. The

standard Tobit model for DMU0 can be defined as follows:

y04 ¼ b=x0 þ e0

y0 ¼ y04 if y04N0; and 0; otherwise ð1Þ
where, x0 is a vector of explanatory variables and b is the set of parameters to be estimated. e0~N(0, r

2)

denotes the error term. The y0* is a latent variable and y0 is the inefficiency score obtained from the DEA

models.19

Using the inefficiency scores as the dependent variable, we estimate the following regression model

under all the three alternative approaches:

Hjt ¼ b0 þ b1OWNERSHIPjt þ b2CARjt þ b3SIZEjt þ b4MANAGEMENTjt þ b5ROAjt þ ejt

ð2Þ
where Hjt = is the technical inefficiency of the jth bank in period dtT obtained from the DEA CRS

model20; OWNERSHIPjt = is a dummy variable indicating the ownership of the jth bank in period dtT
(equal to one for state-owned banks, and zero otherwise); ROAjt = is the return on average assets of the

jth bank in period dtT; SIZEjt = log of total assets of the jth bank in period dtT; MANAGEMENTjt = quality

of management of the jth bank in period dtT as measured by the ratio of operating expenses to total assets;

CARjt = ratio of capital (tier-I plus tier-II) to risk-weighted assets of the jth bank in period dtT.
In an economic sense, as the univariate analysis illustrates, these variables encompass various bank

specific features that may impinge on efficiency.21 In particular, the financial and prudential ratios of

profitability and capital adequacy were introduced to ascertain the interlinkage among these variables

and how they correlate with technical efficiency. Higher levels of profitability and capital adequacy are

expected to impinge positively on technical efficiency. Evidence for the US banking industry for the

period 1986:2 to 1995:4 indicates efficiency, risk and capital to be inter-related and mutually reinforcing

(Kwan & Eisenbis, 1997). Secondly, to capture the quality of management, in line with the literature, we
19 The likelihood function (L) is maximized to solve b and r based on observations of explanatory variables and DEA scores.

The likelihood function is given by

L ¼ j
y0¼0

1� F0ð Þ j
y04N0

1

2pr2ð Þ1=2
� e

� 1

2r2ð Þ

h i
y0�b=x0ð Þ2

where; F0 ¼
Z b=x0=r

�l

1

2pð Þ1=2
e�t

2=2dt

The first product is over the observations for which the banks are 100% efficient ( y =0) and the second product is over the

observations for which banks are inefficient ( y N0). F0 is the distribution function of the standard normal evaluated at b/x0/r.
20 The Tobit regression was also performed using DEAVRS inefficiency scores (pure technical inefficiency) as the dependent

variable. The results were fairly similar to those obtained using DEA CRS inefficiency score.
21 We also considered the non-performing loan to total loan ratio (NPL) as an additional explanatory variable in (2). However,

as the CAR and NPL figures were highly correlated, the results did not exhibit any improvement after inclusion of this variable

and hence NPL was not included in the final specification.
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consider the ratio of operating expenses to total assets (Martinez Peria & Schmukler, 2001). Finally, the

dummy variable for OWNERSHIP seeks to detect the influence of government ownership on

inefficiency, a positive sign being indicative of the fact that higher government ownership of public

sector banks lowers efficiency. In the efficiency literature, the relationship between SIZE and efficiency

has been mixed and in some cases a U-shaped relationship is observed.

The inclusion of ROA as an explanatory variable in the regression model also leads to potential

endogeneity problem, as basic micro-economic theory suggests that technical (in)efficiency affects

profitability. The exogeneity of ROA is tested using the instrumental variable approach as proposed by

Smith and Blundell (1986). Their method for testing exogeneity of an explanatory variable in a Tobit

model follows two steps. In the first step, the potential endogenous variable (ROA, in our case) is

estimated with ordinary least squares over a set of instruments and the exogenous variables of the Tobit

model, as defined in (2). In the second step, the predicted residual from the OLS regression is included as

an additional explanatory variable and the revised Tobit model is estimated. If the estimated coefficient

of the predicted residual does not turn out to be statistically significant (i.e., coefficient=0 is accepted),

then the potential endogenous variable can be treated as exogenous and the standard Tobit model defined

in (2) is estimated. On the contrary, if the explanatory variable is found to be endogenous, efficient

parameter estimates are obtained using generalized least squares to the relationship between the Tobit

model’s structural parameters and its reduced form parameters (Amemiya, 1978).22 In the present study,

the instruments for profitability (ROA) are mostly chosen following Demirgüc-Kunt and Huizinga

(1999). Besides incorporating size, management quality, ownership and capital adequacy, asset–liability

composition and liquidity are used as potential determinants of bank profitability. For asset–liability

composition, share of time deposits (to total deposits), share of investments in government securities and

proportion of long-term loan in the credit portfolio are used. The variable liquidity is defined as the ratio

of liquid assets (such as cash in hand, money at call and short-notice and non-approved securities like

bonds and debentures) to total assets. Once the instruments are chosen, predicted residuals of ROA are

estimated using OLS.

For each of the alternative approaches, a separate Tobit model is estimated based on a pooled sample

spanning the period 1996 to 2002, which represents the highest periodicity with which data on the

concerned variables are available on a consistent basis. In Table 12, as indicated by the estimated

coefficient of the predicted residual, exogeneity of ROA was rejected under operating approach, while

for both intermediation and value-added approaches, exogeneity of ROA is accepted. Since the selected

inputs and outputs under the operating approach for measuring efficiency directly relate to the

profitability of a bank, the endogeneity of ROA in affecting efficiency under this specification was

expected. Thus, the Tobit model under operating approach is estimated after correcting the endogeneity

of ROA by applying Amemiya’s (1978) method and the other two models are the usual ones.23

The results of the Tobit regression under the three alternative approaches are presented in Table 13.

The results are fairly similar under alternative specifications. For example, irrespective of the approach,

the capital adequacy ratio, CAR is observed to have a negative impact on inefficiency and its impact is

found to be statistically significant. Increased emphasis on the achievement of benchmark CAR

necessitates changes in the internal functioning of banks, especially in the systems of credit evaluation,

risk assessment and management, the quality of human resources as well as the quality of internal
22 The STATA procedure developed by Harkness (2000) is used for the computation.
23 The usual Tobit regression was estimated with QLIM Procedure of SAS, Version 9.



Table 12

Parameter estimates for testing exogeneity of ROA in the Tobit regression

Approach/Variables Intermediation approach Value-added approach Operating approach

Intercept 0.0623*** (0.037) �0.0146 (0.0408) 0.1083* (0.0189)

OWNERSHIP �0.0964* (0.0401) �0.1012** (0.0458) �0.1791* (0.0222)

SIZE 0.0003 (0.0144) 0.0180 (0.0166) 0.0527* (0.0081)

CAR �0.0019* (0.0004) �0.0026* (0.0005) �0.0008* (0.0001)

MANAGEMENT 9.1714* (1.4887) 7.1314* (1.6750) 7.5681* (0.7726)

ROA 0.0233 (0.0224) �0.0531** (0.0266) �0.1077* (0.0110)

Predicted residual �0.0185 (0.0231) 0.0394 (0.0272) 0.0916* (0.0113)

Log likelihood �154.575 �203.049 249.606

*, ** and *** indicate statistical significance at 1%, 5% and 10%, respectively.
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control and corporate governance. Thus, financial soundness that reduces uncertainties and systemic risk

contributes to lowering inefficiency. In the ultimate reckoning, prudential regulations as per the

international standards that help ensuring systemic stability in the face of several external and internal

uncertainties do ensure improvement in efficiency and thus the functioning of banks. Second, both under

the operating and value-added approach, it was observed that profitability, as measured by ROA, had a

significantly negative effect on inefficiency. These findings indicate that more profitable banks have

lower inefficiency, which corroborates similar findings of some previous studies (Pastor et al., 1997).

Banks reporting higher profitability ratios are usually preferred by clients and therefore attract the

biggest share of deposits as well as the best potential creditworthy borrowers. Such conditions create a

favorable environment for the profitable banks to be more efficient from the point of view of

intermediation activities.

In the context of Indian banking, the relationship between bank size and inefficiency is positive and

for value-added and operating approach, the coefficient is statistically significant as well. This, in

essence, reinforces the findings of the univariate approach. Large banks appear to have relatively high

inefficiency as compared to medium/small banks. Thus, the U-shaped relationship between size and

efficiency, i.e., both small and large banks has higher efficiency and the most dangerous or slippery

territory belongs to medium-sized banks may not necessarily be true for Indian banks. The poor

management quality (MANAGEMENT) appears to have consistently positive and significant impact on

technical inefficiency estimates. As mentioned earlier, this finding is in consonance with the dbad
management hypothesisT of Berger and DeYoung (1997). Low measure of technical efficiency is a signal

of poor senior management practices, which apply to input-usage, day-to-day operations and managing
Table 13

Determinants of technical efficiency—a Tobit analysis

Approach/Variables Intermediation approach Value-added approach Operating approach

Intercept 0.0704** (0.0352) �0.0297 (0.0397) 0.0968* (0.0198)

OWNERSHIP �0.1102* (0.0363) �0.0711** (0.0409) �0.1008* (0.0210)

SIZE 0.0051 (0.0127) 0.0299** (0.0144) 0.0187** (0.0073)

CAR �0.0019* (0.0004) �0.0028* (0.0005) �0.0011* (0.0002)

MANAGEMENT 8.8470* (1.4325) 7.7539* (1.6247) 8.6200* (0.7962)

ROA 0.0058 (0.0051) �0.0155* (0.0053) �0.0202* (0.0024)

Log likelihood �154.895 �204.102 216.6871

*, ** and *** indicate statistical significance at 1%, 5% and 10%, respectively.
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the loan portfolio. Subpar managers do not sufficiently monitor and control their operating expenses.

Managers in these banks also do not practice adequate loan underwriting, monitoring and control. This

implies that the major risks facing financial institutions are caused internally.

Another coefficient with growing significance is OWNERSHIP, representing the ownership dummy

for Indian public sector banks vis-à-vis private banks. The estimated coefficient exhibits a negative sign

and is statistically significant under alternative approaches. It seems likely that banks with controlling

public ownership are more efficient than their private counterparts (including foreign banks), which is

well supported by recent empirical findings (Das, Nag, & Ray, 2005; Ram Mohan, 2002; Ram Mohan &

Ray, 2004; Sensarma, 2005). Summing up, evidence indicates that despite majority government control,

there is a growing convergence of performance between public and private sector banks in India. The

proximate causes of such improvements can be traced to the compliance mechanism in government-

owned banks. For example, these banks have had minimal exposures to risky assets such as real estate

and the stock market. In addition, government ownership facilitated recapitalization of these banks at the

onset of reforms, providing depositors the implicit guarantee of dtoo-big-to-fail.T This means that in spite

of common features, existence of autonomous factors plays a crucial role in affecting banking efficiency.

One can highlight, among others, method of financial sector restructuring, its timing and sequencing

along with measures used and the legal and regulatory framework that vary across different bank groups.
7. Concluding remarks

The paper attempts to empirically analyse the efficiency of Indian banks using a nonparametric

approach over the period 1992 to 2002. Three different approaches viz., intermediation approach, value-

added approach and operating approach have been employed in defining inputs and outputs of banks.

The results suggest a large asymmetry between banks regarding their technical efficiency over the

years. It is observed that different approaches of measuring inputs and outputs of banks produced

divergent sets of efficiency estimates. However, technical efficiency estimates were found to be higher

under value-added approach than under the intermediation approach. Under the latter approach, Indian

banks were marked with relatively low level of technical efficiency and there was a persistent but

apparently declining trend in technical efficiency. This may be due to the fact that the performance of

several banks was quite lackadaisical, resulting in a dpulling downT of the overall performance below the

efficient frontier during the post reform period. In addition, the period after liberalization did not witness

any significant increase in number of efficient banks. Empirical results clearly established the high

degree of inefficiency of some Indian banks during the period of liberalization. Most of the inefficiency

stemmed from the under utilization of valuable resources as well as from current scale of operations.

There are also reported differences in the efficiency performance of commercial banks with different

ownership status, level of non-performing loans, size, asset quality, management, etc. It is observed that

banks with low-risk portfolios, as measured by a higher capital adequacy ratio are likely to be more

efficient. The empirical results also demonstrate that the technically more efficient banks are those that

have, on an average, lower non-performing loans. This was true for both, the intermediation and

operating approaches. In spite of the consolidation and equalization of the banking sector, there is still a

group of banks with a high level of non-performing loans and low level of technical efficiency. The

presence of low efficiency may widen the interest rate spread and hamper the growth of the real sector of

the economy.
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The patterns of efficiency and technological change reflected in the analysis are consistent with what

one might expect of an industry undergoing rapid change in response to the forces of deregulation. In

response to new instruments or market opportunities, a few pioneering banks might adapt quickly to

seize the emerging opportunities, while others respond cautiously and fall behind. Competitive or

regulatory changes might also have different uneven effects on different-sized banks. The relaxation of

barriers to branching or increased competition seems to favor small/medium banks and/or banks with

lower manpower deployment and higher technology intensity. As deregulation gathers momentum,

Indian commercial banks would need to explore avenues to diversify into fee-based activities and

rationalise their branch network in order to augment their efficiency levels.
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Appendix A. CCR Model

Charnes, Cooper, and Rhodes (1978) introduced a measure of efficiency for each decision making

unit (DMU) which is obtained as a maximum of the ratio of weighted outputs to weighted inputs. The

weights for the ratio are determined by the restriction that similar ratios of every DMU have to be less

than or equal to unity, thus reducing multiple inputs and outputs to a single dvirtualT input and single

dvirtualT output, without requiring pre-assigned weights. The efficiency measure is then a function of the

weights of the dvirtualT input–output combination. Formally, the efficiency measure for DMU0 can be

calculated by solving the following mathematical programming problem:

max
u;v

h0 u;vð Þ ¼

Xs
r¼1

uryr0

Xm
i¼1

vixi0

subject to

Xs
r¼1

uryrj

Xm
i¼1

vixij

V1;j ¼ 1;2;3 N N ; j0; N N n ðA1Þ

urz0;r ¼ 1;2; N N N N ;s

viz0;i ¼ 1;2; N N N N ;m

where xij is the observed amount of input of the ith type of the jth DMU (xij N0, i=1, 2,. . .. . ., m, j=1,

2,. . . . . , n) and yrj is the observed amount of output of the rth type for the jth DMU ( yrjN0, r=1,

2,. . . . . ., s, j =1, 2, . . . . . , n).

The variables ur and vi are the weights to be determined by the above programming problem.

However, this problem has an infinite number of solutions since if (u*, v*) is optimal, then for any aN0,
(au*, av*) is also optimal. Following the Charnes–Cooper transformation, one can select a

representative solution (u, v) for which:

Xm
i¼1

vixi0 ¼ 1 ðA2Þ
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to obtain a linear programming problem that is equivalent to the linear fractional programming problem.

Thus, the denominator in the above efficiency measure is set to equal one and the transformed linear

problem for DMU0 can be written as:

max z0¼
Xs
r¼1

uryr0 subject to
Xs
r¼1

uryrj�
Xm
i¼1

vixijV0; j¼1;2;3 N N N N ;n
Xm
i¼1

vixi0 ¼ 1 ðA3Þ

urz0;r ¼ 1;2; N N N N ;s

viz0;i ¼ 1;2; N N N N ;m:

For the above linear programming problem,24 the dual can be written (for the given DMU0) as:

min
k

z0 ¼ H0 subject to
Xn
j¼1

kjyrjzyr0; r¼1;2 N N s H0xi0�
Xn
j¼1

kjxrjz0; i ¼ 1;2; N N m ðA4Þ

kjz0;j ¼ 1;2; N n

Both the abovementioned linear programming problems yield the optimal solution H*0, which is the

efficiency score (so-called technical efficiency or CCR-efficiency) for the particular DMU0, and efficiency

scores for all DMUs are obtained by repeating them for each DMUj, j=1, 2, . . . , n. The value of H is

always less than or equal to unity. TheDMUs for whichH*0b1 are relatively inefficient and those for which

H*0=1 are relatively efficient, having their virtual input–output combination points on the frontier.
Appendix B. BCC Model

In order to allow for variable returns to scale, it is necessary to add the convexity condition for the

weights kj, i.e., to include in the above model the constraint:

Xn
j¼1

kj ¼ 1:

The resulting DEA model that exhibits variable returns to scale is called the BCC model, after Banker,

Charnes, and Cooper (1984). The input-oriented BCC model for the DMU0 can be written as:

min
k

z0¼H0 subject to
Xn
j¼1

kjyrjzyr0; r¼1;2 N N s H0xi0�
Xn
j¼1

kjxrjz0; i¼1;2; N N m
Xn
j¼1

kj¼1

ðA5Þ

kjz0; j ¼ 1;2; N n
24 This problem is called dinput-oriented CCR-model,T in which the maximization is done towards the choice of bvirtual
multipliersQ (i.e. weights) u and v which produces the greatest rate of bvirtual outputQ per unit of bvirtual input.Q The analogous
doutput-oriented CCR-modelT can be obtained by output (instead of input) normalization used in the Charnes–Cooper

linearization.
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The BBC-efficiency scores are obtained by running the above model for each DMU. These scores are

called dpure technical efficiency scores,T since they are obtained from the model that allows variable

returns to scale and hence eliminates the dscale part.T Generally, the CCR-efficiency score for each DMU

will not exceed the BCC-efficiency score, which is intuitively clear since the BCC model analyses each

DMU locally rather than globally. Once dpure technical efficiencyT (PTE) estimates are available, scale

efficiency (SE) is computed from the following formula:

SE ¼ Technical Efficiency ðCRSÞ=Pure Technical Efficiency VRSð Þ:
References

Ahluwalia, M. S. (2002). Economic reforms in India since 1991: Has gradualism worked? Journal of Economic Perspectives,

16, 67–88.

Amemiya, T. (1978). The estimation of a simultaneous equation generalized probit model. Econometrica, 46, 1193–1205.

Banerjee, A. V., Cole, S., & Duflo, E. (2004). Bank financing in India. India policy forum, vol. 1 (pp. 277–323). Brookings

Institution.

Banker, R. D., Charnes, A., & Cooper, W. W. (1984). Some models for estimating technical and scale inefficiencies in data

envelopment analysis. Management Science, 30, 1078–1092.

Bauer, P. W., Berger, A. N., Ferrier, G. D., & Humphrey, D. B. (1998). Consistency conditions for regulatory analysis of

financial institutions: A comparison of frontier efficiency methods. Journal of Economics and Business, 50, 85–114.

Benston, G. J. (1965). Branch banking and economies of scale. Journal of Finance, 20, 312–331.

Berg, S. A., Forsund, F. R., & Jansen, E. S. (1992). Malmquist indices of productivity growth during the deregulation of

Norwegian banking 1980–1989. Scandinavian Journal of Economics, 94, 211–228.

Berger, A. N., & DeYoung, R. (1997). Problem loans and cost efficiency in commercial banks. Journal of Banking and

Finance, 21, 849–870.

Berger, A. N., Hanweck, G. A., & Humphrey, D. B. (1987). Competitive viability in banking: Scale, scope, and product mix

economies. Journal of Monetary Economics, 20, 501–520.

Berger, A. N. & Humphrey, D. B. (1992). Measurement and efficiency issues in commercial banking. In Output

measurement in the service sectors, vol. 56 (pp. 245–279). Chicago: University of Chicago Press. National Bureau of

Economic Research.

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

research. European Journal of Operational Research, 98, 175–212.

Bernauer, T. & Koubi, V. (2002). Regulating bank capital: Does market discipline facilitate or replace capital adequacy rules?

Center for International Studies. Working Paper, 3, Switzerland.

Bhattacharya, A., Lovell, C. A. K., & Sahay, P. (1997). The impact of liberalization on the productive efficiency of Indian

commercial banks. European Journal of Operational Research, 98, 332–345.

Caprio, G., & Klingebiel, D. (1996). Bank insolvency: Bad luck, bad policy or bad banking. Annual World Bank Conference on

Development Economics. Washington, DC7 The World Bank.

Caprio, G. & Peria, M. S. (2000). Avoiding disaster: Policies to reduce the risk of banking crises. Egyptian Centre for Economic

Studies. Working Paper, 47.

Charnes, A., Cooper, W. W., & Rhodes, E. (1978). Measuring the efficiency of decision making units. European Journal of

Operational Research, 2, 429–444.

Coelli, T., Prasad Rao, D. S., & Battese, G. (1998). An introduction to efficiency and productivity analysis. Cambridge7 Kluwer

Academic Publishers.

Das, A., Nag, A. K., & Ray, S. C. (2005). Liberalization, ownership and efficiency in Indian banking. Economic and Political

Weekly, 40, 1190–1197.
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