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Abstract

A growing body of empirical literature has attempted to measure the efficiency of
banking sector using Data Envelopment Analysis (DEA) by focusing on different
aspects of banking services. However, standard DEA models often fail to sufficiently
discriminate between efficiency scores of banks particularly with small sample size.
Moreover, sometimes knowledge about different banking operations is available that
needs to be incorporated in the evaluation method to assess their impact on the

performance of banks.

This research deals with the efficiency evaluation of banking sector through DEA
based on additional information about multiple banking operations without which
efficiency is generally overestimated. The main objective of this thesis is to develop a
better informed DEA model that is capable of incorporating additional information
about different bank specific characteristics by overcoming the problem of poor
discrimination. For this purpose, the current study has proposed a novel
methodological integration of DEA with production trade-offs in banking context and
named it “DEATOB Framework”. This framework is universal in nature and can be

applied to banking sectors of other countries.

The study also aims to provide the empirical application of DEATOB Framework for
which a sample of 29 commercial banks of Pakistan is selected. The results indicate
that this framework evaluates banks on the basis of additional characteristics and
provides better discrimination between good and bad performers as compared to the
standard DEA model. The final objective is to extend the proposed framework to other
banking models. For this purpose, the profitability model is chosen considering the
profit maximization goal of banks and a separate PDEATOB Framework is developed.
An empirical application of this framework is also provided to demonstrate its
workability. This thesis also provides an insight on scale efficiency and relationship of
efficiency with the banks size and ownership after application of the proposed

frameworks.
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CHAPTER 1

INTRODUCTION

1.1. Background

A well-established financial system is considered an important prerequisite for
increasing the pace and sustenance of economic growth (Levine, 1998, State Bank of
Pakistan, 2003, Paradi et al., 2011b). Banking industry is the leading player of the
financial sector that plays the important economic role in providing intermediation and
economic acceleration through profitable channelling of savings and allocation of
credit in the economy (Staub et al., 2010).

From the beginning of 1990°s till 2007, banking industry all over the world has gone
through substantial structural changes due to the twin forces of deregulation and
technological changes (Wilson et al., 2010). Deregulation removed the entry barriers
on the penetration of foreign banks in the domestic markets (Jeon and Menicucci,
2011). Technological changes revolutionized the processing and analysis of the
financial data, and the delivery system of banks. All these revolutionary features not
only improved the variety and quality of products and services but also reduced their
costs and increased the overall lending capacity of banks. Hence, deregulation coupled
with technological change enhanced the competition and internationalization of the
domestic banking markets.

Competitive environment serves as catalyst for improving the banks’ efficiency by
reducing the services’ prices as well as operational cost (Berger and Hannan, 1997,
Casu and Girardone, 2010), enhancing the efficient organization of production and
introducing innovation in products and services (Sahoo and Tone, 2009b). In contrast,

sometimes competitive environment may increase the likelihood of accepting more
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risky ventures by banks to maintain their market share. This risk taking behaviour may
lead to the insolvencies of banks and ultimately to the systematic risk which may
cripple the whole economy (Fethi and Pasiouras, 2010).

The economic significance and increasing market competition emphasize the need to
evaluate the financial performance of banks. This performance evaluation is essential
for continuous improvement of their operations and monitoring of their financial
sustenance. Moreover, different stakeholders such as owners, potential investors,
depositors, managers and regulators are interested in the evaluation of financial
performance and overall efficiency of banks (Zhu, 2009).

Identification of the best and worst performers, is the first task in the performance
evaluation of financial sector (Berger and Humphrey, 1997). For this purpose, often
frontier techniques are applied that also require the development of different banking
behaviour modelling approaches to appropriately capture the banks’ activities and
objectives. These modelling approaches are important for the selection of variables in
the efficiency analysis. However, an important limitation of these approaches is their
inability to include all the banking aspects in the form of input/output variables in the
banking model.

Literature review on banking efficiency highlighted the important fact that except risk
other bank specific endogenous and exogenous factors are normally not included into
the input/output set of the banking behaviour models used for efficiency evaluation
through Data Envelopment Analysis (DEA). Even risk variable is included in the
input/output set of only a handful of DEA based efficiency studies (such as Charnes et
al. (1990), Leightner and Lovell (1998), Drake et al. (2006), Pasiouras (2008a)).
Moreover, in spite of using risk variables, these studies have not ensured their

inclusion in the efficiency evaluation because these could be ignored in the analysis by




Chapter 1

assigning zero weight to them due to the complete weight flexibility allowed in DEA.
Furthermore, there is some additional information available regarding the bank
specific characteristics which need to be added to the transformation process of banks.
To deal with these issues, the current study has applied a novel concept of production
trade-offs' which is somewhat similar to the traditional method of weight restrictions
but provides a different way of incorporating additional information in the
transformation process by preserving the technological meanings of efficiency.

The main aim of this study is to contribute to both DEA and banking efficiency
literature by proposing a novel combination of DEA and production trade-offs in the
banking context in the form of a framework that is capable of adding additional
information about different banking aspects into the DEA based banking behaviour
models. This framework provides a way to incorporate risk and bank specific
exogenous and endogenous factors into the efficiency evaluation to create a better
informed DEA banking model. Moreover, this framework handles the problem of
insufficient discrimination encountered in case of small data set. This study does not
capture all the bank specific endogenous and exogenous factors that may impact
efficiency. Instead this study provides the first illustration of the innovative method of
production trade-offs to capture the impact of these factors on the efficiency
estimation.

This study also aims to investigate scale efficiencies and efficiency estimates in
relation to the ownership type and the asset size with application of the proposed
framework. Finally, the study aims to extend the proposed framework to other banking
behaviour models. For the empirical application of the proposed framework, the

current study has selected the data set from the banking sector of a developing

! Production trade-offs is a methodological approach proposed by Podinovski (2004). Production trade-
offs states that simultaneous changes in inputs and/or outputs that are possible in technology under
consideration. This concept is explained in detail in Chapter 4 section 4.7.3.
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emerging Asian economy “Pakistan”. It should be noted here that the current study is
not a straight forward application of the DEA in banking sector rather this provides a
framework that addresses the universal issues which are not limited to the banking

sector of Pakistan.
1.2. Problem Statement and Motivations

Data Envelopment Analysis (DEA) is an optimization technique used to assess the
relative efficiency of homogenous organizational units, called decision making units?
(DMUs). Since its first application on the banking sector by Sherman and Gold
(1985), it has been used in a variety of ways by researchers in various countries to
evaluate the efficiency of different aspects of banking operations. Efficiency of
financial institutions has attained a considerable attention of researchers all over the
world because it is generally argued in the banking literature that banks, as financial
intermediaries, play an important role in the process of economic growth (Levine,
1998). However, instability and insolvency of banks may lead to the systematic crisis
that can affect the whole economy adversely (Fethi and Pasiouras, 2010).

Financial instability of banks is mainly caused by misallocation of credit that gives
rise to the poor quality loan/non-performing loans® (NPLs), which ultimately end up in
loan losses. Hence, a large amount of NPLs symbolize that greater risk factor is
attached to the assets of banks in the form of loan default. Accumulation of such NPLs
may lead to the bank failure (Demirguc-Kunt, 1989, Barr and Siems, 1994, Wahlen,
1994) and ultimately the banking crisis (Reinhart and Rogoff, 2011).

Although the last two decades have witnessed a significant proliferation of research on

banking efficiency studies using DEA, the banking studies that have accounted for

2 Decision making unit (DMU) is a name given to the entity under evaluation in DEA terminology.
DMU can be university, hospital, financial institution, cities, manufacturing unit etc.

% Non-performing loans (NPLs) represent all loans in the portfolio overdue on interest and loan
payment for more than 90 days.
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risk factor in the banking models are quite limited. The literature on banking studies
with respect to risk can be divided into three distinct strands.

The first strand has completely ignored the risk factor attached to the total amount of
loans in the form of poor quality loans (i.e NPLs) (for reference see (Thompson et al.,
1997, Chen et al., 2005, Das and Ghosh, 2006, Sahoo and Tone, 2009a, Fethi et al.,
2011). Such ignorance of risk factor can lead to incorrect relative efficiency scores.
The second strand of studies has incorporated risk into the efficiency studies as
exogenous factor by using multistage evaluation methods (Isik and Hassan, 2003,
Ariff and Can, 2008, Sufian, 2009, Staub et al., 2010). These studies used different
frontier techniques at the first stage for measuring efficiency of banks without risk.
Then at the second stage, the efficiency scores obtained at the first stage were
regressed against a number of variables including risk to study their impact on the
efficiency scores.

Unlike the first two strands, the third strand has explicitly considered risk factor in
DEA models at the first stage by using different variables as proxy for risk. Among
those some studies have considered loan loss provision® as a proxy for poor loan
quality (Leightner and Lovell, 1998, Drake and Hall, 2003, Drake et al., 2009) while
others have used multiple variables such as loan loss provisions, actual loan losses or
NPLs for risk measurement in the model (Charnes et al., 1990, Chang, 1999, Paradi et
al., 2011b). However, in spite of including risk variables there is still a possibility to
ignore risk variables in the analysis through the allocation of zero weight to them due
to the complete weight flexibility allowed by DEA models. The current study has
addressed this problem by ensuring the inclusion of risk variable in the DEA based

appraisal.

* Loan loss provision reflects the current period increase in the expected level of future loan losses and
is represented as accrued expense on the income statement.
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Apart from the risk, study of different bank specific endogenous (for example,
liquidity, capitalization, ownership, management, size, profitability) and exogenous
factors (such as GDP, GDP growth rate, inflation and regulations etc.) influencing the
efficiency of banks, is a popular research dimension in DEA based banking efficiency
literature (Isik and Hassan, 2003, Hauner, 2005, Ataullah and Le, 2006, Das and
Ghosh, 2006, Ariff and Can, 2008, Pasiouras, 2008a). Despite the fact that such
factors are not subject to the management control still their inclusion in the efficiency
analysis is very important to study their particular impact on banks’ performance
(Charnes and Cooper, 1985). There are two main approaches to deal with such
endogenous and exogenous factors. First, these factors have been introduced in the
studies as non-discretionary variables (Lozano-Vivas et al., 2002) and second, as
independent variables in regression model at the second stage analysis (Bhattacharyya
et al.,, 1997, Resti, 1997, Hauner, 2005, Das and Ghosh, 2006, Drake et al., 2006,
Sufian, 2009). In addition to these exogenous and endogenous factors, there are many
aspects of banking operations that influence the production process and ultimately the
profitability of banks. Such aspects are very obvious in the operational practices of
banks and in many cases are even quantifiable, but due to the limitations of analysis
techniques, information about such aspects cannot be added to the efficiency
evaluation of banks. For example, it is a known fact that banks act as financial
intermediaries that accept deposits and advance loans to individuals and corporate
customers. According to the intermediation process, every increase in the deposits
brings about an increase in the amount of loans and investments. Such an increase in
loans and investments as a result of increase in deposits can be anticipated keeping in
view the market conditions, past experience and regulations governing this

intermediation process. However, standard DEA models do not allow incorporating
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this information into the evaluation process. This limitation of the standard DEA
models indicates that there is a need of a reliable method that is capable of
incorporating this information of bank specific exogenous and endogenous factors into
standard DEA models.

Another significant problem, often faced with the application of standard DEA
models, is the lack of discrimination in efficiency scores of DMUs where most of the
units obtain maximum or near maximum efficiency scores. Insufficient discrimination
problem is observed more frequently in studies involving the small number of DMUs
as compared to the number of input and output variables required to adequately
represent various activities undertaken by the DMUs. Sometimes, despite the presence
of sufficient number of DMUSs, the problem of poor discrimination is still observed
when the production technology is considered to exhibit variable returns to scale and a
subset of units have very different scale sizes as compared to the rest of the units
(Podinovski, 2007Db).

In the current study, efficiency scores of Pakistani banks obtained through running
standard output oriented DEA model with VRS assumption also encountered the
problem of poor discrimination. This is due to the fact that both of the above
mentioned reasons of poor discrimination are prevalent in the banking sector of
Pakistan that is, the existence of small data set (as series of mergers and acquisitions
during the last 10 years has reduced the number of banks drastically) and the variation
in the scale of operations (as one public and four privatised banks are very large in
size as compared to the rest of the banks working in Pakistan).

Weight restrictions have long been recognized as an important tool to add additional
information and deal with the problem of poor discrimination in standard DEA

models. Weight restrictions are constructed according to the value judgments based on
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management’s perceived view regarding the relative importance of inputs and outputs
or monetary considerations. However, a major drawback of such weight restrictions is
that the resulting efficiency estimate can no longer be interpreted as a realistic
improvement factor (Allen et al., 1997, Thanassoulis and Allen, 1998). In other words,
efficient radial target of an inefficient unit is not feasible or producible technologically
(Podinovski, 2004).

Based on the above mentioned facts, the key motivation of the current thesis is to
propose a better informed DEA framework in the banking context that is capable of
incorporating additional information regarding the production process, exogenous and
endogenous factors and banks specific operating characteristics directly into the DEA
based efficiency estimation. For incorporating additional information into the DEA
model, the current study has applied a novel methodological approach known as “the
trade-off approach”, originally proposed by Podinovski (2004). The trade-off
approach is based on the idea of “production trade-offs ” that represent “simultaneous
changes in inputs and/or outputs that are possible in technology under consideration”.
The trade-off approach is an outcome of the technological thinking based on
technological realities and not a result of value thinking based on managerial value
judgments. With the trade-off approach, technological meanings of efficiency as a
realistic radial improvement are preserved and the resulting model provides better
discrimination between efficient and inefficient DMUs. We have named this
combination of DEA and production trade-offs in the banking context as the
“DEATOB Framework” which is the first application of production trade-offs in the
banking sector.

This thesis is also motivated by the need to expand the existing banking efficiency

literature to a developing Asian economy “Pakistan” as banking efficiency literature is
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dominated by the studies conducted on the developed economies. The proposed
DEATOB Framework designed for the banking sector of Pakistan is not only suitable
for Pakistani and Asian banking sector but have the potential of worldwide
applicability.

Moreover, there is no recent work available on efficiency of the banking sector of
Pakistan. Credible studies on the banking sector of Pakistan have covered 1990’s and
few early years of 21% century when the major banking reforms were introduced as a
result of deregulation and liberalization and mostly used parametric approaches for
efficiency evaluation. Therefore, another motivation of the study is, the need to
investigate the Pakistani banking sector using DEA in the recent years when most of
the banking reforms have shaped up the banking system.

This thesis investigates the efficiency of banking sector of Pakistan with different
operational dimensions (intermediation and profitability) in recent years with a
completely new framework that is a novel application of DEA with production trade-

offs.
1.3. Research Aims and Objectives

Based on the above discussion, this study has three main objectives.

The primary objective of the study is, to develop a novel DEA based framework using
productions trade-offs in the banking context. The aim is to construct a better
informed model of technology that can tell DEA how to evaluate efficiency based on
the additional information. The novelty of the study lies in the way additional
information is incorporated directly into the DEA model through the production trade-
offs that otherwise is not possible to add in the DEA model. Sub objectives under this
main objective are:

1. To clarify the meaning of production trade-offs in the banking context.

9
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2. To elaborate the development process of the DEATOB Framework by
identification, evaluation and incorporation of production trade-offs in DEA.
3. To ensure the workability of trade-offs.
The proposed DEATOB Framework is the first methodological application of the
theoretical concept of production trade-offs for the efficiency evaluation in the
banking set up. This framework provides an innovative way of identification,
justification and incorporation of production trade-offs in the banking context. To
accomplish this objective, we have chosen the intermediation approach from among
the banking behaviour modelling approaches and selected the input and output
variables accordingly. Our proposed DEATOB Framework has a number of
constituent production trade-offs developed in the form of relationships between
inputs and/or outputs.
The main task in developing trade-offs is, to assess the particular trade-off at the first
place and make sure that it is technologically plausible which means that all the banks
in the sample should agree on the use of that trade-off. This ensures that the expansion
in the production possibility set (PPS) is technologically meaningful. Therefore, our
core concern in assessing the trade-offs, is their technological realism and general
approval by the banks because it is possible to formulate a more demanding trade-off
that improves the discrimination even better but may not be acceptable by all the
banks.
We have conducted a detailed literature review of the banking efficiency studies and
identified that not much attention had been paid to the incorporation of bank specific
factors including risk into standard DEA models. This review in conjunction with the
review on banking sector of Pakistan identified different features of banking

operations (such as risk, regulations, intermediation process, profit generation process

10
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and shift in asset mix) in the domain of bank specific exogenous and endogenous
factors.
After identification, the quantification of trade-off relationships between inputs and
outputs is a crucial step that requires the detailed information on banking operations
and regulations. Moreover, opinions and feedback of the banking professionals are
essential for the evaluation and refinement of trade-offs to make them acceptable for
all the banks involved in the study. The workability of identified trade-offs requires
their right application into the DEA model in order to ensure that they are
technologically feasible. For this purpose, we have formulated simple and realistic
trade-offs in the current study that are technologically feasible and work well with the
operational requirements of all banks.

The second objective of the thesis is to analyse the impact of trade-offs through the

application of the proposed DEATOB Framework. This objective is further divided

into the following sub objectives:

1. To examine the impact of different trade-offs developed for the DEATOB
Framework on the technical efficiency of banks.

2. To improve the discrimination of DEA model.

3. To use the DEATOB Framework for investigating the relationship of efficiency
with the bank size and ownership type.

4. To demonstrate that the idea of production trade-offs is equally applicable and
useful with the existing standard methods of calculations used for the
determination of scale efficiency (SE) and returns to scale (such as IRS, DRS,
CRS).

To put the proposed framework into practice, we have empirically applied it on the

data set from the banking sector of Pakistan. The impact of trade-offs on technical

11
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efficiency scores is analysed after applying each constituent trade-off of the DEATOB
Framework in the standard DEA model. By compensating for the small quantities of
data, production trade-offs designed for the DEATOB Framework have the ability to
reduce the chances of obtaining uniform efficiency scores by banks with non-uniform
performance. However, an important feature of this framework is that all its trade-offs
are not formulated arbitrarily just to improve the discrimination. Rather, these trade-
offs serve the dual purpose. First, they develop the better informed model to evaluate
banking efficiency and second, they improve the discrimination of the model.
Moreover, the efficiency estimates obtained after application of the DEATOB
Framework are analysed to investigate the relationship of efficiency estimates with the
bank size and ownership type. For the calculation of scale efficiency and returns to
scale (RTS), we have used the existing standard method of calculating RTS without
modifying them for the application of the DEATOB Framework. This practice
indicates that trade-offs characterize the technology, not the way of measuring the
scale efficiency and RTS characteristics.

The third objective of this thesis is to extend the idea of production trade-offs to
various banking behaviour models.

The main purpose of this objective is to provide empirical evidence that the idea of
production trade-offs is equally applicable to various banking behaviour models and
their applicability is not just confined to one banking model (intermediation approach)
for which the DEATOB Framework is developed initially. To extend the idea of
production trade-offs on other banking models, we have selected the profitability
model considering the fact that banks are profit oriented organizations who strive to

maximize their profits. Profitability model has different set of input and output

12
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variables therefore; we have developed a separate framework for this model termed as

“PDEATOB Framework” with different set of trade-offs.

1.4. Research Questions

This thesis addresses different research questions based on the objectives delineated in

the previous section. Each objective has its separate set of questions. The research

questions related to the first objective are:

1.

How can bank specific knowledge of different operational aspects of banking

activities be accounted for into the DEA model?

1.1. How are trade-offs identified in actual banking operations?

1.2. How is it assessed that certain trade-offs exist or not?

1.3. How can trade-offs be used to handle bank specific exogenous and
endogenous factors (such as risk, regulations, intermediation process, profit
generation process and shift in asset mix of banks)?

1.4. How are simple and complex trade-offs developed and what is the impact of

their application on the efficiency scores?

The research questions related to the second objective are:

2.

What is the impact of trade-offs of the DEATOB Framework on the technical
efficiency of banks?

Does the discrimination of the standard VRS model improve with the DEATOB
Framework?

Does the ownership type influence the efficiency of banks?

Is there any relationship between bank size and efficiency scores?

What are the scale efficiencies and RTS of Pakistani banks with the DEATOB

Framework?

The research question related to the third objective is:

13
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7. How can the idea of production trade-offs be extended to other banking models?
Question 1 and its sub questions are answered in Chapter 6 by proposing a DEA based
DEATOB Framework that integrates the production trade-offs with banking
operations. The outcome of this question is the methodological proposition that leads
to a new application of production trade-offs in the banking context that incorporates
bank specific characteristics such as risk, intermediation process and asset mix in the
intermediation banking behaviour model under DEA approach. Sub questions stated
under the first question basically address the general issues arising in the course of
developing trade-offs for the DEATOB Framework. These questions are answered
through a detailed description of the development process of each trade-off. The effect
of defined trade-offs on the efficiency scores is elaborated with the help of a practical
example using the sub set of original data from the banking sector of Pakistan.

To answer all the questions formulated for the second objective, we have performed
the empirical analysis that is presented in Chapter 7. For this purpose, first the
efficiency scores are calculated with the standard VRS model. For answering Question
2, the efficiency scores are calculated by incorporating each individual trade-off
independently and compared with the efficiency scores obtained with the standard
VRS model. Question 3 is answered by comparing the efficiency scores before and
after application of the complete DEATOB Framework. Based on the evidence in the
form of differences in the relative efficiency scores before and after application of the
DEATOB Framework, it could be determined whether the discrimination of efficiency
scores of banks improved or not.

Questions 4 and 5 are answered by running the intermediation models with the
DEATOB Framework under output oriented VRS technology and calculating the

individual as well as average efficiency scores across different groups of banks in
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terms of size and ownership (as separate group are designed for size and ownership).
This is interesting in a way that it provides a meaningful comparison of; individual
efficiency scores within each subgroup and average efficiency scores across different
banking subgroups. This comparison in turn helps to highlight the causes of gaps
between efficiency scores of different banking subgroups.

For answering Question 6, in addition to running the DEATOB Framework under the
intermediation model with output oriented VRS technology, we need to calculate
output oriented efficiency scores with constant returns to scale (CRS) and
non-increasing returns to scale (NIRS) technology. CRS and VRS efficiency scores
are required to calculate the scale efficiency whereas CRS, VRS and NIRS efficiency
scores are needed for investigating the returns to scale characteristics of all the banks
according to the method proposed by Fare et al. (1985).

For answering Question 7, we have selected the profitability model from different
banking behaviour models. Profitability model has different set of input and output
variables than the intermediation approach therefore we have developed the
PDEATOB Framework for this model with different set of trade-offs. The trade-offs
development process for the PDEATOB Framework along with its empirical

application on the banking sector is provided in Chapter 8.

1.5. Thesis Contribution

1.5.1. Methodological Contributions

The major contribution of this research is towards the methodology of performance
evaluation of banks. This contribution is the development of a framework with Data
Envelopment Analysis using production trade-offs in the banking sector (called the
DEATOB Framework), which is a novel application of theoretical concept of

production trade-offs in DEA for efficiency evaluation of banking sector firms.
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Production trade-offs provide a different way of data assessment by developing
relationships between input and output variables that are technologically feasible. In
methodological terms, there are three main contributions of the thesis.

The first contribution of the study is related to the development of a non-parametric
banking efficiency framework that is capable of evaluating banks’ efficiency on the
basis of quantity as well as quality of assets. The DEATOB Framework contributes
through the development of the nexus between bank efficiency and risk by
incorporating risk variable in the banking model and linking it with the related risk
free variable. This framework not only incorporates risk factor into DEA model but
also ensures that risk factor is not ignored in the performance evaluation due to weight
flexibility allowed in standard DEA model.

The second contribution of our study relates to the incorporation of bank regulation
(exogenous) and bank specific (endogenous) characteristics (such as loan generating
capability, profit generating capability, and asset management) into standard DEA
model through the application of the trade-off approach without introducing any
special variable. This contribution aims to ensure the improvement of existing DEA
models of banks performance evaluation by incorporating the additional information
regarding banks’ specific operational characteristics, regulatory requirement and
expert opinion through the production trade-offs.

The third contribution is in the form of improved discriminatory power of standard
DEA assessment. It is theoretically clear that the use of production trade-offs leads to
the improvement in the discrimination but the extent of discrimination depends on the
data set and other factors. In this study we provide an empirical evidence of such

improvement in discrimination which is achieved through the development and

16



Chapter 1

incorporation of feasible and reliable technological judgements in the standard DEA

model through the production trade-offs.
1.5.2. Generalizability of the DEATOB Framework

The DEATOB Framework formulated for the banking system of a developing country
like Pakistan is equally applicable to the banking environment of developed countries.
Although rules and regulations governing banking activities and the financial
environment vary from country to country, the transferable set of trade-offs developed
in the study can be used in a variety of ways:

1. The same set of trade-offs, developed in the DEATOB Framework, can be
applied to the banking sector of other countries with minor changes in values
of trade-offs, if required.

2. The DEATOB Framework can also provide guidelines for developing new
trade-offs in the banking sector.

3. This idea of the DEATOB Framework is easily extendable to various banking
behaviour modelling approaches. As a confirmation of this claim, the current
study has considered the intermediation and profitability models and
developed a separate set of trade-offs for each model and applied that on data
from the banking sector of Pakistan.

4. This framework can help other sectors to develop the logic for the formulation

of production trade-offs in their production process.
1.5.3. Extending the Empirical Context of DEA Application

This piece of research is an empirical contribution to the existing DEA literature that
has broadened its application context in two ways. First, it contributes to DEA
literature on the banking sector and second, to the DEA literature on the developing

economies. In terms of DEA banking literature, the DEATOB Frameworks developed
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for banking intermediation and profitability approaches separately, has incorporated
risk, bank specific characteristics and banking regulation in the intermediation and
profit maximization goals of banks. Moreover, this framework is the first application
of theoretical concept of production trade-offs on the banking sector that provides a
better informed model of technology accounting for asset quality/risk, banking
regulations and bank specific operational characteristics. In this way, the DEATOB
Framework enriches the DEA banking behaviour models by incorporating the required
information regarding the banking system, operational needs, and policies that
otherwise cannot be considered in DEA appraisal. Moreover, this model ensures better

discrimination of DEA efficiency scores.

Regarding the DEA literature in the developing economies, this study has considered
the banking sector of Pakistan which is a developing Asian economy. In Pakistan, the
literature on banking sector is quite limited and among the available studies, the
notable studies have used parametric estimation methods for efficiency calculation.
The only few studies with the application of DEA for efficiency estimation have
addressed the efficiency of banks with reference to banking deregulation,
liberalization and financial reforms introduced in 1990’s and early years of 21
century. Moreover, none of the study has considered the risk factor explicitly in the

DEA based banking model.

Therefore, this research contributes to the DEA application in the developing
economies of Asia and particularly Pakistan by considering a novel DEATOB
Framework that covers both risk and profitability of the intermediation activities
across different types of banks in Pakistan. In addition, this study analyses the banking
efficiency in the year 2012 that provides the information about the current state of the

banking system of Pakistan after disappearance of a large number of banks

18



Chapter 1

particularly foreign banks from banking arena as a result of mergers and acquisitions.
This investigation also has profound implications at the policy level. This study will
help management of commercial banks to identify efficient and inefficient areas of
operations and will assist them to design future strategies for improving their
efficiency. Methodology developed in our study can also provide useful guideline to
central bank to evaluate performance of banking sector as well as performance of sub
groups of banks working in Pakistan, which in turn can be helpful for effective policy

recommendations.

1.6. Thesis Structure

This thesis is organized into nine chapters. Chapter 1 have provided general overview
of the performance evaluation of banks and highlighted the dimensions in banking
efficiency studies that inspired the current thesis. The chapter also sets out the
motivations underlying the study and delineate different research objectives from
which research questions are derived. It has introduced DEA as the key analysis tool
and its novel application with production trade-offs in the banking context. It has
provided brief overview of the scheme of work to answer the questions formulated
under each objective. It has also described research contributions attempting to
contribute to DEA as well as banking literature by considering the data set of
commercial banks from Pakistan.

Chapter 2 reviews different performance evaluation techniques used in the banking
sector. Based on the choice of DEA as the main research technique of the thesis, this
chapter provides a detailed review of the banking studies that have used DEA for the
assessment of banking efficiency. This chapter also provides a brief overview of
different issues addressed in the banking studies using DEA. A detailed description of

various banking behaviour modelling techniques, adopted in different banking studies
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for the selection of input-output variables, is also provided in this chapter. Finally,
different issues addressed in the current study are outlined in this chapter considering
the limitations of the existing banking efficiency literature.

Chapter 3 introduces the financial system of Pakistan. This chapter starts with a brief
overview of the regulatory structure of Pakistan and moves on to the evolution of
banking system in Pakistan since independence. Next, it outlines the distinguishing
features of the banking sector of Pakistan that help in selecting the banking behaviour
models and developing the DEATOB Framework.

Chapter 4 provides a comprehensive review of the theory of DEA. This chapter offers
different basic theoretical concepts and preliminary information on the basic DEA
models along with their mathematical formulations. It also introduces the concept of
weight flexibility in DEA and describes weight restrictions as a traditional approach
used to restrict the weight flexibility. It also provides theoretical underpinning of the
concept of production trade-offs which is the core subject of the current research.
Chapter 5 details the major methodological considerations in relation to developing a
DEA model for the estimation of banking efficiency. It starts with the selection of
appropriate banking techniques and describes the input-output specifications under
different banking models used in the current study. The choice of returns to scale and
orientation of the study is also detailed herein. Moreover, it explains the data used in
the current study along with their different sources.

Chapter 6 unfolds the conceptual framework named “DEATOB Framework™ build
around the motivations of the current study. It describes the development process of
the DEATOB Framework and covers all the stages in the identification, validation,
evaluation, incorporation and review of each constituent trade-off of the framework. It

also provides the mathematical formulation of different components of framework. An

20



Chapter 1

empirical example has been used to elaborate the impact of each trade-off on the
efficiency estimates. In short, this chapter covers all the aspects of primary objective
and answers all the questions formulated under this objective.

Chapter 7 provides the empirical application of the DEATOB Framework on the
banking sector of Pakistan. It first explains the impact of each individual trade-off on
the efficiency estimates and then analyses variations observed in the efficiency scores
as a result of sequential addition of all the trade-offs of the DEATOB Framework. It
investigates the average efficiency and best-practice differences across different
identified subgroups based on bank ownership, and size. In the final section, the scale
efficiency of banking sector of Pakistan is determined. This section also performs
returns to scale investigation of all the banks included in sample with the DEATOB
Framework using the method described by Fére et al. (1985). In general, this chapter
discusses the findings from the empirical analysis with regards to the questions set out
under the second objective of the study.

Chapter 8 aims to achieve the third objective set in the study. It extends the scope of
our proposed framework to another banking behaviour model known as profitability
model in the form of the PDEATOB Framework. It first describes the development
process of the PDEATOB Framework given that this model uses a different set of
inputs and outputs. This chapter also reports the empirical findings obtained with the
application of this framework on the banking sector of Pakistan. The last section of
this chapter provides a comparative analysis of the results obtained with the two
frameworks developed in the current study.

Finally, in Chapter 9, we summarize the major findings of the current research and the

key conclusions derived. This chapter also offers directions for future research.
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CHAPTER 2
LITERATURE REVIEW

2.1. Introduction

This chapter introduces different performance evaluation techniques used in the
banking sector. A brief introduction of these techniques is given with their merits,
demerits and uses in different banking studies. Based on the brief literature of different
techniques, justification for the selection of DEA as the main research technique of the
thesis is provided in this chapter. The chapter includes the review of banking studies at
institutional level that used DEA for the efficiency estimation. This chapter also
provides the overview of different banking behaviour modelling techniques applied in
the banking literature. Finally, the chapter describes the main issues that are addressed
by the current thesis through the proposed framework considering the limitations of

the existing banking efficiency literature.
2.2. Performance Evaluation in Banking

Performance refers to the accomplishment that hosts to a wide range of systems,
processes and mechanisms (Conaty, 2012) while evaluation focuses on the
determination of results and objectives of the performance and its main purpose is not
to prove but to improve (Guerra-Lopez, 2008). Therefore, performance evaluation
means to determine the worth of processes, mechanisms and systems to find whether
they have delivered the desired results or not. Generally, performance evaluation
compares the achieved results with the expected performance and is essentially
concerned how to improve the performance (Guerra-Lopez, 2008).

Performance evaluation and benchmarking plays a positive role for the constant
progression and improvement of a business unit so that it can survive and flourish in

the present competitive business environment (Zhu, 2009). Performance evaluation not
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only reveals strengths and weaknesses of business operations and activities but also
helps to identify opportunities to improve current processes, operations and services in
order to meet the ever-increasing demands of customers (Paradi et al., 2011a).
Performance evaluation becomes much more important in the banking context because
a well-established financial system is considered to be an important prerequisite for
increasing the pace and sustenance of the economic growth (State Bank of Pakistan,
2003). Specialized services provided by the banks and their increased financial
deepening and outreach serve as an important linkage between the financial
development and economic growth. This linkage between the financial sector and
economic growth can be demonstrated with the help of the following diagram (State
Bank of Pakistan, 2003).

Figure 2. 1 Relationship between the financial system and economic growth
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Source: (State Bank of Pakistan, 2003)

It is argued in the banking literature that banks increase the level of economic
activities and stimulate the process of economic growth in different ways. First, as
financial intermediaries, these mobilize the financial resources of economy by
channelling them from where they are in excess to where they are needed (Fama,

1980). Hence, they optimize the allocation of resources available in the economy.
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Second, the volume of total deposits in all the banks reflects the bulk of money stocks
held by a country (Yue, 1992) that represents the level of capital accumulation in the
economy. Third, banks provide transaction and payment services (Paradi et al.,
2011a). Finally financial sector manages risks by pooling and diversifying
constituents’ risks (State Bank of Pakistan, 2003).

Performance evaluation of banks also becomes important in the wake of increasing
competition in the market in order to monitor their financial condition and improve
their functions. There are many stakeholders who are concerned about the financial
performance of banks such as regulators, management and potential investors (Paradi
et al., 2011a). Regulators are interested in the performance analysis to determine the
response of industry as a result of introduction of new regulations, worldwide
competition, non-traditional entrants and future government policies as well as to work
out appropriate and timely interventions to prevent the systematic failures.
Management and owners of banks use such analysis to judge the effectiveness of their
resource allocation, the impact of on-going structural changes and their ability to
realign business operations with recent and more profitable trends. Moreover,
efficiency studies highlight the inefficient areas of operations that help management to
improve such inefficiencies by formulating suitable remedial strategies. An important
use of this analysis is for potential investors and depositors who want the security of
their money along with the attractive return.

Initially, financial institutions used to enjoy large spread between deposit and loan rate
due to market fragmentation and local oligopolies. However, these benefits started to
shrink with the wave of deregulation and liberalization of financial sector that
increased the competitive pressure amongst financial institutions (Resti, 1997). The

competitive environment serves as catalyst for improving performance of banks, by
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reducing services’ prices and operational costs (Berger and Hannan, 1997, Casu and
Girardone, 2010). But this intense competition led banks to behave less carefully while
assessing the creditworthiness of their clients that initiated the profitability problem.
Such a situation emphasized the need for financial institutions to assess their

productivity level through quantitative techniques.
2.3. Performance Evaluation Techniques in Banking

Performance evaluation of banks was a common phenomenon even long before the
introduction of DEA. Traditionally banks performance was evaluated through
comparatively simple techniques such as financial ratios and regression analysis. In
recent years, the focus of academic research on performance evaluation of financial
institutions has shifted towards the operations research (OR) based efficient
production frontier models which evaluate how well a bank performs relative to the
best banks provided they are doing business in the same economic environment. Major
advantage of frontier techniques over other performance evaluation methods is that
they provide an objectively determined quantitative measure by eliminating the effect
of differences in prices and other market based exogenous factors (Bauer et al., 1998).

A brief introduction of these techniques is provided in the following sub sections.
2.3.1. Ratio Analysis

Ratios analysis is a traditional method that has been frequently used by the regulators,
business analysts and management to measure the performance of banks. A ratio
measures the relationship between two variables selected to provide insight into
multiple dimensions of banking operations such as liquidity, leverage, risk
management, asset quality, and profitability. Ratio analysis involved a number of key

performance indicators® commonly used by financial institutions and investors to

® performance indicator refers to the ratio of input to output or output to input.
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assess the financial position and business performance. Return on Assets (ROA),
Return on Equity (ROE), Return on Investment (ROI), Earnings per Share (EPS), and
dividend per share are the most commonly used key performance indicators amongst
financial ratios. Financial ratios provide a lot of information about the financial
performance of individual banks, not only compared to previous years but also in
comparison to the performance of other banks (Sherman and Gold, 1985). Ratios also
allow the comparison between different sized banks. Moreover, ratios are used as a
tool to control for sector characteristics allowing the comparison of individual bank’s
ratios with some benchmarks of that sector (Halkos and Salamouris, 2004).

Although, ratio analysis is attractive to analysts due to its simplicity and ease of
understanding still there are some methodological problems and limitations attached to
its use as an overall performance indicator. The major weakness is that each ratio only
provides a partial picture of bank’s performance due to its limited evaluation
perspective constraint to one input and one output context failing to reflect
multidimensional nature of bank’s complex operations (Avkiran, 2011). This one
dimensional nature of ratio analysis may also lead to contradictory and confusing
results in case where different ratios provide varying levels of performance (Greenberg
and Nunamaker, 1987, Barrow and Wagstaff, 1989, Thanassoulis et al., 1996,
Thanassoulis, 2003). In some cases, a bank that appears profitable among its peers on
the basis of ratio higher than the industry benchmark, is not actually efficient in
applying its resources to generate various outputs (Avkiran, 2011). Another problem
encountered in ratio analysis is that one ratio can only be compared with one
benchmark ratio at a time considering that other ratios are fixed and the chosen
benchmark ratio is suitable for comparison (Yeh, 1996). In addition, ratio analysis

does not provide any clear indication about the precise target setting in terms of
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amounts of inputs and/or outputs required to improve the performance because it can
derive performance target only with reference to one input and one output level at a
time without considering the rest of the input and output variables. Although, poor
value of any ratio for an organization indicates the need to improve that area but the
required improvement level cannot be estimated with confidence (Thanassoulis et al.,
1996). One common argument in favour of using ratio analysis is its ability to control
for the size effect of financial variables that facilitates the comparison of a specific
firm with other firms and with the industry averages. However, this control for size
assumes a proportional relationship between numerator and denominator that implies
constant returns to scale (Smith, 1990), which may not be true in many cases.
Therefore, failure to account for multidimensional input and output processes coupled
with inability to identify the best performing peer and input output targets, makes ratio
analysis an inadequate technique for the performance evaluation of banks (Paradi et
al., 2011a).

In spite of all its limitations, ratio analysis is still used for the performance evaluation
of banks all over the world. Banks report their financial performance in terms of ratios
in their annual reports. Market analysts use different groups of ratios such as solvency,
credit quality, liquidity and profitability to make investment recommendations.
Banking regulators also use various financial ratios to monitor the performance of
banks such as ratios for the CAMELS? rating and compliance with the Basel Accord I,

Iland 111",

® An international bank-rating system where bank supervisory authorities rate institutions according to
six factors capital adequacy, asset quality, management quality, earnings, liquidity and sensitivity to
market risk.

" A set of agreements introduced by Basel Committee on Bank Supervision (BCBS) that provides
banking supervisory regulations and recommendations with regards to capital risk, operating risk and
market risk. Basel Accord | was introduced in 1988 and focused on the capital adequacy. Basel Accord
Il published in 2004 and introduced standards for credit risk, market risk and operational risk. Basel
Accord 111 agreed upon in 2010-11 to strengthen the liquidity position of banks in response to the
deficiencies appeared in the form of financial crises of 2008.
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There are many studies in banking literature, which intended to show that accounting
ratios analysis could be used in complement to other performance assessment
techniques such as frontier techniques to bridge the gap between academia and
business world. Bauer et al. (1998) studied consistency condition of different frontier
efficiency techniques for regulatory analysis of financial institutions and observed that
if efficiency scores are related to standard performance measures such as cost and
profitability ratios then regulators are more confident that these scores are accurate
performance indicators and not just artificial measures based on some specific
assumptions. Weill (2004) also examined consistency of different frontier efficiency
methods on a sample of banks from five European nations. He investigated correlation
between cost efficiency and four standard performance ratios and found significant
correlations.

Yeh (1996), Bauer et al. (1998), Halkos and Salamouris (2004), Avkiran (2011) have
used financial ratios with DEA for the performance assessment of banks. Some of the
studies have used financial ratios at the second stage analysis® in the efficiency studies

(Thoraneenitiyan and Avkiran, 2009).
2.3.2. Regression Analysis (RA)

Regression analysis is another common methodology used in the previous studies for
the performance evaluation of banking sector based on inputs and outputs (Berger et
al., 1993a, Boufounou, 1995, Avkiran, 1997, Hensel, 2003, lannotta et al., 2007). It is
a parametric method and is capable of handling either multiple inputs and single
output or reverse — multiple outputs and single input. It provides the average
performance of all banks/bank branches in the sample and can be used to estimate the

performance of a new bank/bank branch. Being a central tendency method, it is less

® Second stage analysis is explained in section 2.9.2
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susceptible to extreme inefficiencies. Comparing with the ratio analysis, one major
advantage is its ability to evaluate the influence of multiple independent variables on
one dependent variable. Another major advantage of regression analysis is that it
provides statistical inference and measurement errors.

In spite of being effective in many situations, regression analysis suffers with some
inherent problems and limitations that make it unsuitable for reflecting the complex
nature of banking operations. First, being a parametric method it requires general
specification of the production function. Second, it is only suitable to model single
input-multiple outputs or single output-multiple inputs scenario. However, in case of
multiple inputs and multiple outputs, dependent variables have to be artificially
combined into a single indicator to fit the regression equation. Third, it is a central
tendency method which predicts values based on the average or the expected level of
outcome given certain inputs instead of maximum achievable output (Ray, 1991). It is
possible to calculate random noise in RA, it requires strong assumptions about the

nature of the error distribution.
2.3.3. Frontier Evaluation Techniques

The problems associated with the ratio and regression analysis led researchers to
develop more advanced tools for the performance assessment of firms that could
overcome the limitations associated with these technigues. Main task in performance
evaluation of financial institutions is to identify, by some standard, good performing
units and poorly performing units, which is well performed by the frontier based
techniques. In the last three decades, researchers have extensively used frontier
techniques for the performance evaluation of financial institutions. Frontier techniques
estimate, how well an institution is performing relative to the best performing

institution involved in the similar business activities under the same operating
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environment. Best firms are identified from within the data set, which form an
efficient/best practice frontier against which the rest of the firms in the data set are
compared hence provide a sophisticated way to benchmark the relative efficiency of
production units. Main advantage of frontier techniques over other benchmarking
techniques is that they provide a numerical efficiency score with powerful
optimization mechanism for complicated operational environment (Berger and
Humphrey, 1997). These techniques also provide a framework that helps management
in decision making, planning, and controlling processes within the complex operations
of the firm. These techniques, by highlighting areas of good and bad practices, broadly
identify sources and magnitude of inefficiency in inputs/outputs that may lead to the
reduction in the cost of operations and improvement in service quality. It is also
possible to calculate the achievable targets for inefficient units that provide further
insight to improve the production system.

The information obtained through frontier analysis techniques can be used (Paradi et
al., 2011a):

e To address the research issues by assessing efficiency of a firm and ranking it
in comparison to its industry or by comparing the results of different efficiency
techniques.

e To improve managerial performance by identifying best and worst practices
related to high and low efficiency scores.

e To inform the government for policy making by assessing the impact of
different factors (such as mergers, deregulation etc.) on efficiency.

Five frontier analysis techniques have been applied in the literature for the
performance evaluation of financial institutions that can be categorized into two major

groups: parametric and non-parametric. Three of them are parametric econometric
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techniques named: Stochastic Frontier Approach (SFA), Distribution Free Approach
(DFA) and Thick Frontier Approach (TFA). Other two are non-parametric linear
programming based approaches: Data Envelopment Analysis (DEA) and Free
Disposal Hull (FDH). All these approaches differ in terms of assumptions regarding
the functional form of the efficient frontier (more restrictive for parametric versus less
restrictive for non-parametric approaches), the existence of random error and the
probability distribution assumed for inefficiencies used to separate inefficiency from

the random error (Berger and Humphrey, 1997, Bauer et al., 1998).
2.3.3.1. Parametric Frontier Approaches

Parametric econometric approaches require a priori specification regarding the
functional form of the efficient frontier (production, cost, revenue and profit function
that defines the production possibility set”) whose estimation is accompanied by two
error components; the first represents the error term that captures the inefficiency and
the second accounts for the noise in the data or random error. Numerous different
specifications of the functional forms can be Cobb-Douglas, constant elasticity of
substitution (CES), translog, normalised quadratic, generalised Leontief or fourier
flexible form (Kumbhakar and Lovell, 2000). These techniques assume probability
distribution for inefficiency in the form of half normal, truncated normal, exponential
normal and gamma distribution (Coelli et al., 2005). Main advantages of parametric
approaches are the econometric interpretation of the parameters (due to their ability to
differentiate the effect of noise from inefficiency) and their statistical properties. Three
main parametric approaches used in the literature include: Stochastic Frontier
Approach (SFA), Distribution Free Approach (DFA) and Thick Frontier Approach

(TFA).

° PPS represents all the observed input-output correspondences of a sample of DMUs which are
assumed producible. It is explained in detail in Chapter 4 section 4.3.2.

31



Chapter 2

Stochastic Frontier Approach (SFA), proposed by Aigner et al. (1977) and Meeusen
and Broeck (1977), (also known as the econometric frontier approach), is the most
commonly used parametric approach (Berger and Humphrey, 1997). It specifies the
functional form for production, cost, revenue or profit relationship among inputs,
outputs and environmental variables and allows for the random error. SFA provides a
composed error model where random error follows a symmetric distribution usually
standard normal while inefficiencies are assumed to follow asymmetric distribution
usually the half normal (Aigner et al., 1977). By using different distribution methods,
random error and inefficiency can be disentangled and then measured. The assumption
of half normal distribution for the inefficiencies is relatively inflexible and presumes
that most of the firms are clustered around full efficiency. Therefore, some of the
studies have used truncated normal (Stevenson, 1980, Berger and Deyoung, 1997) or
exponential or gamma distribution (Greene, 1990, Yuengert, 1993) instead of half
normal arguing that these provide additional flexibility in the assumed distribution of
inefficiencies. However, this flexibility in the assumed distribution of inefficiencies
may create difficulty in the separation of inefficiency from random error as truncated
normal and gamma distributions assumed for inefficiency may be close to symmetric
distribution assumed for random error (Berger and Humphrey, 1997). This approach
has been used in many studies such as; Berger and Deyoung (1997), Altunbas et al.
(2001), Bonin et al. (2005), Williams and Nguyen (2005), Margono et al. (2010).

Distribution Free Approach (DFA), proposed by Berger (1993), is similar to SFA as
it also specifies the functional form for the frontier. The difference between the two
lies in how DFA separates inefficiency from random error. DFA assumes that
efficiency of each firm is constant over time whereas the random error term has the

tendency to average out to zero over time. Inefficiency for each firm is estimated by
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the difference between its average residual and the average residual of the firm on the
efficient frontier with some adjustments to consider the random error not averaging
out to zero. Since, in DFA, efficiency of a firm is not changing over time therefore, if
any change in efficiency is observed as a result of external factors (such as regulatory
reforms, the interest rate cycle or other influences) then it is referred to the average
deviation of each firm from the best average practice frontier instead of the efficiency
at any point in time (Berger and Humphrey, 1997).

One advantage of DFA is that unlike SFA, it does not make a strong assumption
regarding the specific distribution of random errors and inefficiencies. Inefficiencies
can follow any distribution, even one that is very close to symmetric as long as the
inefficiencies remain non-negative. This approach has been used in banking studies
conducted by Berger and Hannan (1997), Berger and Mester (1997), Deyoung (1997),
and Patti and Hardy (2005).

Thick Frontier Approach (TFA) introduced by Berger and Humphrey (1991)
specifies a functional form which assumes that deviations from predicted performance
values within the highest and lowest performance quartiles of observation characterize
random error, whereas deviations in the predicted performance between the highest
and lowest quartiles symbolise inefficiencies (Berger and Humphrey, 1997). Since
TFA examines the average production, it does not consider efficient firms. Moreover,
large efficient firms tend to be removed in case of decreasing returns to scale. Key
advantage of TFA is that it does not impose any distributional assumption on either
random error or inefficiency. It also reduces the effect of extreme points in the data.
Drawback of TFA is that it does not provide point estimates of efficiency ratings for
individual firms, instead it tends to provide the estimate of general level of overall

efficiency of entire industry. TFA has been used for determining the banking
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efficiency in Germany (Lang and Welzel, 1996), Norway (Berg and Kim, 1998) and
Spain (Lozano-Vivas, 1997).

Major drawbacks of parametric approaches are the specification of the explicit
functional form of the efficient frontier and the distribution of inefficiency term
(Seiford and Thrall, 1990). Parametric approaches also face the issue of
misspecification of error term (Berger and Humphrey, 1997) that can lead to
inconsistent results. Misspecification may arise due to the use of an unsuitable
functional form for the production frontier, measurement errors on the production
factors and the presence of serial correlation between technical efficiency and inputs
(Giannakas et al., 2003). Moreover, parametric models have difficulty in handling the
multiple inputs and multiple outputs — a situation that is very common in banking

industry.
2.3.3.2. Non-Parametric Frontier Approaches

Unlike parametric techniques, mathematical non-parametric techniques do not require
a priori assumption regarding the functional form of efficient frontier but allow the
observed data to speak for itself. This characteristic of non-parametric approaches
enables them to avoid the problem of misspecification of functional form that may
lead to inaccurate efficiency estimates. The major advantage of these approaches is
their ability to handle multiple inputs and multiple outputs. DEA and FDH are two
non-parametric approaches. Among these DEA is the most commonly used technique
in empirical studies.

Data Envelopment Analysis (DEA) (Charnes et al., 1978, Banker et al., 1984) is a
linear programming based tool for measuring the relative efficiencies of decision
making units (DMU) with respect to multiple inputs and multiple outputs which are

similar for all the DMUs. Instead of pre-specifying a functional form DEA establishes

24



Chapter 2

a convex shaped frontier formed as piecewise linear combination of a set of best
practice units. A detailed discussion of DEA is provided in Chapter 4.

Free Disposal Hull (FDH) proposed by Deprins et al. (1984) is a subset of DEA that
employs a smaller set of DMUs while defining efficiency frontier. DEA satisfies free
disposability of inputs and outputs and the convexity of the production possibility set
(PPS) while FDH only relies on free disposability assumption (Fried et al., 2008).
Therefore, instead of DEA’s piecewise linear frontier, FDH uses a stepwise (staircase)
frontier that ensures that efficiency estimates are only effected by the observed
performance. The production possibility set is made up of the DEA vertices only and
the FDH points interior to those vertices excluding the points which are the convex
combination of the DEA vertices representing the hypothetical performance (Berger
and Humphrey, 1997). Since FDH frontier is either congruent with or interior to DEA,
the FDH normally provides larger estimates of average efficiency as compared to
DEA (Tulkens, 1993).

However, there are few drawbacks of non-parametric techniques argued in literature.
The first and key limitation of these approaches is that they attribute all deviation from
the efficient frontier to inefficiency ignoring the random error. The occurrence of a
random error in the data of a unit may alter its efficiency scores. However, the
presence of such error is more problematic if it exists in the data of one of the unit on
the efficient frontier as it may alter the efficiency estimates of all the units compared
against it or a linear combination involving it. The second drawback of these
approaches is that they are sensitive to outliers. The reason is that efficient frontier is
derived from the sample observations that are actually the extreme points and envelop
all other data points. Third, it is very difficult to interpret the efficiency result of these

approaches in terms of sensitivity of production of output to particular inputs
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(elasticity , shape of production function etc.) and to perform inference of the measure
of interest (confidence intervals, hypothesis tests) (Simar and Wilson, 2008). Final

drawback of these approaches is the so called “curse of dimensionality”lo.

2.3.4. Other Performance Evaluation Methods

There are many other performance evaluation methods that have been used by
different studies to evaluate the performance of banks and include: Balanced Score
Card (Kim and Davidson, 2004, Wu et al., 2009), Analytic Hierarchy Process (Frei
and Harker, 1999, Secme et al., 2009) , Artificial Intelligence (Chen and Shih, 2006) ,
Multivariate Statistical Analysis (Canbas et al., 2005) and Grey Relations Analysis
(Ho and Wu, 2006). These techniques have mostly addressed issues like prediction of
bank failure and performance of banks. For a detailed description of these methods
reader is referred to the references mentioned against each technique and the review of

banking studies by Fethi and Pasiouras (2010).
2.4. Selection of Performance Evaluation Technique

Among the wide spectrum of performance evaluation techniques, the current study has
selected Data Envelopment Analysis (DEA) to estimate the efficiency of banking
sector of Pakistan. DEA is one of the most successfully used operations research
technique for the performance assessment of banking sector. Its powerful optimizing
ability enables management and researchers to objectively identify the best performers
and the areas of potential improvement in the complex banking operations.

There are a number of reasons to choose this particular frontier technique for the

current study. First, unlike parametric techniques, DEA can capture the interaction

The curse of dimensionality refers to an issue that arises in the form of high efficiency scores and poor
discrimination among efficiency scores mainly due to the multiple dimensions (inputs and outputs) of
firms (Coelli et al., 2005). The curse of dimensionality implies that when data set consists of a number
of input and output variables (referred as multiple dimensions), the analysis requires sufficiently large
sample size in order to obtain a reasonable estimation precision (Daraio and Simar, 2007).

36



Chapter 2

between multiple inputs and multiple outputs (Charnes et al., 1978) that enables it to
account for all the aspects of a decision making unit (DMU) simultaneously which
may render that DMU a good performer, even if its performance is not outstanding on
any individual aspect (inputs and output) (Thanassoulis et al., 1996). As production
process in banking employs multiple inputs including financial and physical capital,
employees, borrowings, deposits and interest expenses to produce multiple outputs
such as investments, loans, interest income and non-interest income therefore, it may
be difficult to use parametric techniques because they only deal with single output
technologies at a time.

Second, DEA does not require a priori assumption to be made regarding the
relationship between inputs and outputs as reflected by production function. Instead it
derives the best practice production function solely on the basis of observations
eliminating the chances of misspecification of production function. DEA also avoids
the need to specify the distributional form for the inefficiency term. If functional form
is misspecified, the estimated efficiency may be confounded with specification error
and significant bias (Berger and Humphrey, 1997). Hence, DEA is quite a flexible
technique as compared to parametric frontier technigues.

Third, a well-known advantage of using DEA, which is particularly relevant to our
study of banking sector in Pakistani context, is that it works well with small data
sample. Maudos (2002) described this fact as: “of all the techniques for measuring
efficiency, the one that requires the smallest number of observations is the non-
parametric and deterministic DEA, as parametric techniques specify a large number of
parameters, making it necessary to have available a large number of observations.” (p.

511).
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Fourth, DEA works exclusively with quantity information and does not require price
or restrictive behavioural assumption in its estimation. Finally, DEA can easily
decompose cost, profit and revenue efficiencies into technical, pure technical and scale
efficiencies in order to determine the sources of efficiencies/inefficiencies in a
particular industry for instance banking industry.

The current study employs DEA as the main research technique with the novel idea of
production trade-offs to estimate the technical efficiency of the banking sector of

Pakistan.
2.5. Banking Efficiency and Productivity Studies Using DEA

The idea of evaluating the banking efficiency is very old and started with the work of
Benston (1965). However, banking efficiency literature using DEA grew drastically
since eighties after the first published paper of Sherman and Gold (1985) on the
efficiency of 14 U.S. bank branches. In recent years, DEA has become a most widely
used operational research technique among a range of modelling techniques for the
performance evaluation of banks (Fethi and Pasiouras, 2010). The first frontier
techniques based review of 130 banking efficiency studies was performed by Berger
and Humphrey (1997). They found that DEA is the most popular frontier technique
applied in 62 papers whereas there were 60 applications of parametric techniques
consisting of 24 SFA, 20 DFA and 16 TFA. Paradi and Zhu (2013) surveyed 275
banking efficiency studies that used DEA as a tool for performance assessment in
banking sector. They reported that 80 studies examined efficiency at the bank branch
level while the rest of the studies (195) focused on banking sector at the institutional
level reflecting that evaluation of banking sector at institutional level is the most

popular area in the banking studies.
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A large body of banking efficiency literature, conducted at the institutional level, has
focused on the developed economies (for reference see surveys conducted by Berger et
al. (1993b), Berger and Humphrey (1997), and Berger (2007)). For example, banking
efficiency studies in developed economies have been conducted for U.S. (Miller and
Noulas, 1996, Thompson et al., 1997, Seiford and Zhu, 1999b, Mukherjee et al.,
2001), UK (Ashton, 2001, Drake, 2001), Australia (Avkiran, 2000, Sturm and
Williams, 2004, 2008, Avkiran, 2009b, Sturm and Williams, 2010), New Zealand
(Avkiran, 2009b), Canada (Asmild et al., 2004, Paradi et al., 2011a) and European
countries such as Spain (Tortosa-Ausina, 2002b, Tortosa-Ausina et al., 2012), Italy
(Resti, 1997), Greece (Tsionas et al., 2003, Pasiouras, 2008a) and Poland (Havrylchyk,
2006). Some of the banking studies have investigated banking sectors of multiple
European countries. For example, Hauner (2005) studied the banking sectors of
Austria and Germany while Casu and Girardone (2004) and Casu et al. (2004) studied
the largest banks of France, Germany, Italy, Spain and UK.

Compared with the developed economies, fewer but a growing number of banking
efficiency studies are on emerging economies such as India (Bhattacharyya et al.,
1997, Kumbhakar and Sarkar, 2003, Sathye, 2003, Ataullah and Le, 2006, Das and
Ghosh, 2006, Ray and Das, 2010), Malaysia (Sufian, 2009), Taiwan (Chiu and Chen,
2009), Singapore (Sufian and Majid, 2007), Brazil (Staub et al., 2010, Wanke and
Barros, 2014), Turkey (Isik and Hassan, 2002, Fukuyama and Matousek, 2011),
Thailand (Leightner and Lovell, 1998), Indonesia (Harada, 2005, Margono et al.,
2010, Sufian and Habibullah, 2012), Egypt (Fethi et al., 2011) and China (Chen et al.,
2005, Avkiran, 2011, Asmild and Matthews, 2012).

Many researchers have conducted cross-country studies such as Oliveira and Tabak

(2005) studied 41 economies, and Pasiouras (2008b) studied a sample of 915 banks
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across 95 countries. Similarly, Mostafa (2009) has studied 85 top Arab banks and Sun
and Chang (2011) have studied the banking sector of 8 emerging economies that

include: China, India, Indonesia, Korea, Malaysia, Philippine, Taiwan, and Thailand.
2.5.1. Banking Efficiency Studies in Asia

A large body of literature exists on banking efficiency in the developed countries,
while relatively few studies have been conducted on banking efficiency in the
developing countries particularly in Asia. Burger and Humphrey (1997) conducted the
first comprehensive survey of 130 studies out of which 122 reviewed efficiency of
depository financial institutions and eight measured efficiency of insurance
companies. This survey covered studies from 21 countries and included 62 DEA
applications. Almost all the studies were on the developed economies dominated by
U.S. (66 studies) and European nations (55 studies). In this survey there were only 4
studies from Asia and only one from south Asia (India). Burger and Humphrey (1997)
suggested the need for more studies from different economies for making
cross-country comparisons.

However, an increase in efficiency studies in this continent has been observed after
deregulation and liberalization of the financial markets and the Asian financial crisis
of 1997 in order to study their impact on the productivity and performance of financial
institutions. Most of the efficiency studies in this continent have focused on the
emerging economies (most of the Southeast Asian countries, China, and India) in
individual as well as multiple economies context.

Asia can be broadly divided into four major regions: Southeast Asia, East Asia, West
Asia, and South Asia. In Southeast Asia, studies have been conducted for individual
countries such as Indonesia (Harada, 2005, Margono et al., 2010), Malaysia (Sufian,

2009, 2011), Korea (Gilbert and Wilson, 1998, Hao et al., 2001, Sufian and
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Habibullah, 2009), Singapore (Sufian and Majid, 2007), Thailand (Leightner and

Lovell, 1998) and for multiple countries such as Indonesia, Malaysia, Korea, Thailand
and Philippine (Thoraneenitiyan and Avkiran, 2009).

In East Asian countries comparatively more literature on banking efficiency is
available for Japan (Drake and Hall, 2003, Liu and Tone, 2008, Drake et al., 2009),
China (Ariff and Can, 2008, Avkiran, 2011, Asmild and Matthews, 2012, Wang et al.,
2014) and Taiwan (Chang, 1999, Kao and Liu, 2004, Chiu and Chen, 2009) whereas
few studies have been conducted in Hong Kong (Drake et al., 2006).

Banking efficiency studies for West Asian countries are comparatively rare. Some
studies have considered individual countries such as Saudi Arabia (Akhtar, 2010a,
Assaf et al., 2011), UAE (Avkiran, 2009a), Iran (Tayebeh and Khansoz, 2014), Jordan
(Al-Shammari and Salimi, 1998) while a study by Mostafa (2009) has considered
multiple Arab banks.

In South Asia, most of the banking studies have been conducted on the emerging
economy India (Bhattacharyya et al., 1997, Sathye, 2003, Ataullah and Le, 2006, Das
and Ghosh, 2006, 2009, Ray and Das, 2010). In comparison to India, there are few
studies on the banking sector of Pakistan that has applied DEA for efficiency
evaluation of banking sector (Rizvi, 2001, Akhtar, 2002, 2010b). Some studies have
compared the banking sector of India and Pakistan (Ataullah, 2004, Ataullah et al.,
2004, Jaffry et al., 2013) while others have covered multiple countries in this region
such as India, Pakistan and Bangladesh (Jaffry et al., 2007). The current study has
considered the data set of Pakistan to evaluate the banking efficiency by applying
DEA technique. A review of banking efficiency studies in Asia is provided in

Appendix A.1.
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2.5.2. Banking Efficiency Studies in Pakistan

Above mentioned literature on banking efficiency in Asia indicates the growing
interest of researchers towards the efficiency evaluation of banking sector in Asian
economies. However, the efficiency literature on the banking sector of Pakistan is still
quite limited as compared to other emerging economies of Asia. This dearth of studies
on Pakistani banking sector was also reflected in banking survey conducted by Berger
(2007) that provided international comparisons of bank efficiency. This survey
included 11 more countries (two developed and 9 developing nations) than the survey
conducted by Burger and Humphrey (1997) due to inclusion of some new countries in
efficiency studies of banks. This survey also included five new Asian countries
including; China, Pakistan, Malaysia, South Korea, and Thailand. Among these Asian
studies, only one study was from Pakistan performed by Patti and Hardy (2005) which
was not a DEA based study. It rather used distribution free approach (DFA) to analyse
the banking efficiency.

Similarly, Fethi and Pasiouras (2010) provided a comprehensive review of 196 studies,
published between 1998-2009, that employed operational research (OR) and artificial
intelligence (Al) techniques for performance evaluation of banks. In this survey, 181
studies used DEA and DEA like techniques whereas the rest of the fifteen studies used
different classification techniques such as neural networks, multi-criteria decision aid,
support vector machines and decision trees. Most of the studies included in the survey
also focused on the developed economies. However, this survey included 12 Asian
economies in comparison to 5 Asian countries included in Berger (2007) survey.
These 12 Asian countries include: China, Hong Kong, India, Japan, Korea, Malaysia,
Pakistan, Philippine, Singapore, Thailand, Taiwan, and Turkey which are mostly the

emerging economies. In this survey, four studies have discussed banking sector of
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Pakistan where two studies had comparative analysis of banking sector of India and
Pakistan (Ataullah, 2004, Ataullah et al., 2004) whereas the rest of the two had solely
considered the banking sector of Pakistan (Rizvi, 2001, Akhtar, 2002).

Banking efficiency studies in Pakistan have mostly addressed the impact of banking
sector reforms introduced in Pakistan from time to time as a result of deregulation and
liberalization. In addition to liberalization and reforms these papers have also
considered the efficiency comparison of domestic and foreign banks. In terms of
analytical techniques mostly parametric approaches have been used for efficiency
evaluation (limi, 2004, Patti and Hardy, 2005, Burki and Ahmad, 2010).

In comparison to parametric studies, only a handful of studies have used non
parametric techniques particularly DEA for efficiency evaluation of Pakistani banking
sector. Such as Rizvi (2001) studied the post liberalization efficiency of 37 scheduled
banks of Pakistan for six years from 1993 to 1998 using DEA. Technical efficiency
and scale efficiency estimates revealed that domestic banks marginally outperformed
the foreign banks. Overall inefficiency of the sample over the period of six years was
20%.

Akhtar (2002) studied the X-efficiency of 40 commercial banks for the year 1998 to
study the impact of on-going process of liberalisation. He found that private banks are
the most efficient banks in terms of technical and allocative efficiency. Akhtar (2010b)
has considered the X-efficiency analysis of commercial banks for the period 2001 to
2006. In contrast to Rizvi (2001) and Akhtar (2002), this study found that foreign
banks are the most efficient banks as compared to their domestic counterparts.

In cross country studies Ataullah et al. (2004) have studied the impact of financial
liberalization on the banking sector efficiency of India and Pakistan from 1990 to

1998 using DEA. They found the evidence of efficiency improvement as a result of
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financial liberalization. In Pakistan efficiency improvement was observed due to
improvement in scale efficiency whereas in India efficiency improved as a result of
improvement in both pure technical and scale efficiency. They also found that public
sector banks were relatively slow in improving their efficiency in comparison to
private banks in both India and Pakistan.

Jaffry et al. (2013) have also studied the trends in efficiency of banks in response to
the regulatory reforms. They studied a sample of 114 banks (73 in India and 41 in
Pakistan) by using DEA and bootstrap approach for a period of nineteen years from
1985 to 2003. They found that regulatory reforms introduced in 1992 could not
achieve their desirable effects initially on the efficiency of both Indian and Pakistani
banks. However, banks slowly adjusted to the competitive environment in the final
years of 90’s and showed improvement in their efficiency in all the early years of 21%
century. A detailed review of banking efficiency studies in Pakistan is provided in
Appendix A.2.

It is clear from the above mentioned banking efficiency literature that despite the
abundance of studies on efficiency and productivity of financial institutions using
frontier analysis conducted primarily in developed economies there are still far fewer
studies on banking sector of Pakistan. Moreover, among those only few have used

DEA estimator for efficiency evaluation.
2.6. Major Themes in Banking Efficiency Studies

Apart from focusing on different countries, banking efficiency studies have also
addressed various banking issues. Major issues that have been discussed through the
application of DEA include; benchmarking for banking performance improvement
(Rizvi, 2001, Akhtar, 2010b), the impact of off-balance sheet activities on bank

efficiency (Rogers, 1998, Tortosa-Ausina, 2003, Casu and Girardone, 2005, Sufian
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and lbrahim, 2005, Lozano-Vivas and Pasiouras, 2010), efficiency and stock
performance (Chu and Lim, 1998, Beccalli et al., 2006, Pasiouras, 2008a), economic
environment and market structures changes (Seiford and Zhu, 1999b, Isik and Hassan,
2003), the impact of mergers on bank performance (Avkiran, 1999, Seiford and Zhu,
1999b, Sherman and Rupert, 2006, Sufian and Majid, 2007, Al-Sharkas et al., 2008),
international comparisons (Lozano-Vivas et al., 2002, Oliveira and Tabak, 2005,
Pasiouras, 2008b, Mostafa, 2009, Thoraneenitiyan and Avkiran, 2009), cost and/or
profit efficiency (Maudos and Pastor, 2003, Ariff and Can, 2008, Ray and Das, 2010),
the impact of risk on bank performance (Drake et al., 2006, 2009), the comparison of
parametric and non-parametric frontier techniques (Huang and Wang, 2002, Casu et
al., 2004, Weill, 2004, Delis et al., 2009), the impact of Asian financial crisis on
banking efficiency (Sufian and Habibullah, 2009, Thoraneenitiyan and Avkiran,
2009), efficiency change over time as a result of deregulation, liberalization and
financial reforms (Leightner and Lovell, 1998, Ataullah et al., 2004, Chen et al., 2005,
Das and Ghosh, 2006, Fethi et al., 2011), and the relationship of efficiency with bank
size (Miller and Noulas, 1996, Ataullah et al., 2004, Chen et al., 2005, Das and
Ghosh, 2006) and bank age (Isik and Hassan, 2003). In addition, bank type and
ownership is extensively studied particularly in relation to comparison of efficiency
between domestic and foreign banks (Bhattacharyya et al., 1997, Isik and Hassan,
2003, Sturm and Williams, 2004, Hauner, 2005, Ataullah and Le, 2006, Havrylchyk,

2006, Sufian, 2011).
2.7. Approaches Underlying the Selection of Banking Efficiency
Model

Banking is one of the most complex industries in the world that offers a wide range of

products and services ranging from simple handling of accounts to consumer
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financing, home mortgages, and many others (Paradi et al., 2011b). It is very difficult
to measure and price their services because disagreement exists over what kind of
services banks produce and how to measure those services. One of the reasons is that
banks do not always provide services which are directly paid for because many
financial services are bundled in one package hence, priced jointly (Fraser and Fraser,
1990). Moreover, complex government regulations may affect the way in which
products and services are offered and priced. Despite all these problems, it is important
to measure the efficiency of banking sector because banks act as financial pillars for
the economy, stronger are these stable is the economy.

Application of DEA in the banking sector starts with a bank behaviour model used for
the conceptualization of production possibilities in order to provide management an
insight regarding potential financial and operational improvements (Avkiran, 2011).
However, modelling of commercial banks operations requires clear understanding of
the objectives of banking system. Such an understanding provides a guideline for the
selection of appropriate input and output variables to be used in the measurement of
banking efficiency (Bhattacharyya et al., 1997) because, it is generally accepted that
the choice of variables in efficiency studies influence results significantly (Tortosa-
Ausina, 2002a, Tortosa-Ausina, 2002b, Das and Ghosh, 2006).

Different philosophical approaches have been mentioned in DEA banking efficiency
literature to model input and output variables that are used to measure the efficiency of
banks. Unlike other industries where outputs are easily specified, there is still a debate
about the specification of banking outputs, particularly regarding the classification of
deposits as input or output. This disagreement in the classification of deposits forms
the basis for two commonly used approaches, which are the production approach and

intermediation approach. Production approach treats deposits as output whereas
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intermediation approach considers deposits as input. These two approaches are
described in detail in the following sections along with other approaches mentioned in

literature.
2.7.1. Production Approach

Production approach was originally introduced by Benston (1965) and primarily been
used for measuring the efficiency of bank branches. This model emphasizes the
operational activity of financial institutions. According to this approach primary
function of financial institutions is to provide services to the account holders. Common
services include performing transactions and processing various documents such as
checks or other payment instruments, loan applications, credit reports, counselling and
advisory services. Inputs, which are used to produce all these services, include
physical variables (e.g. capital, labour, floor space, and information system) or their
associated costs. These associated costs include all the operating expenses except
interest expenses on deposits due to their non-relevance to the operational process
which requires only physical inputs (Camanho and Dyson, 2005). Outputs under this
approach represent different services provided to the customers and include the type
and number of transactions handled, specialized services provided or documents
processed over a given period of time. As the transaction flow data are proprietary in
nature and generally un-available, data on the number or stock of deposits and loans

accounts are used instead as a proxy for services provided.
2.7.2. Intermediation Approach
According to the intermediation approach primary function of financial institutions is

the intermediation of funds between the savers and investors (Fama, 1980). Banks

provide intermediation services by transforming risk and maturity profile of funds
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collected from depositors to investments and loan portfolio of a different risk and
maturity profile (Sengupta and Sahoo, 2006).

Inputs of this approach include both funds and their interest costs because these
available funds are the main raw material, which is transformed to outputs in the
financial intermediation process. Outputs of the financial institutions comprise of loans
and other earning assets. However, a longstanding controversy in the literature
regarding the treatment of deposits as input or output has led to the development of
different trends and debates on the identification of outputs in the banking sector,
which formed the basis for the intermediation and production approaches on one hand,
and resulted in the establishment of three further approaches namely: asset approach,
value added approach and user cost approach on the other hand. These three
approaches are considered the variants of the intermediation approach because these
also focus on the intermediation activities of the financial institutions.

2.7.2.1. Asset Approach

Generally, liabilities of banks have some characteristics of inputs, because these
provide investable funds that act as the raw material for financial institutions.
Similarly, assets of banks possess some characteristics of output as these represent the
actual uses of funds that are responsible for generating the main banking revenue. In
the intermediation process, balance sheet liabilities are transformed into balance sheet
assets. However, Interest paid and received in this process covers the time value of
money (Berger and Humphrey, 1992b).

Asset approach is a reduced modelling form of banking intermediation activities,
which mainly focuses on the role of banks as financial intermediaries between
depositors and the receivers of loans. Input set of this approach consists of deposits,

other liabilities and real resources such as labour and capital which are utilized to
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produce loans and other assets in the intermediation process (Sealey and Lindley,
1977).

It is appropriate to use asset approach in a situation where cost and different methods
of raising funds are considered exogenous as this approach excludes the important
differences in service output that arises when funds are raised through deposits versus
purchased funds (Berger et al., 1987, Berger and Humphrey, 1992b).

2.7.2.2. User Cost Approach

User cost approach was pioneered by Donovan (1978) and Barnett (1980) in
developing money supply index. User cost approach suggests a method to decide
whether a financial product is input or output based on its net contribution to the banks
revenue. According to this method, if the financial return of an asset exceeds the
opportunity cost of funds or if financial costs of a liability are less than its opportunity
cost, the financial instrument is treated as financial output otherwise, it is considered
financial input (Hancock, 1985a, b).

The user cost approach finds out whether an asset/liability contributes towards the
bank’s financial revenue or not. Operating costs does not include the costs incurred for
rendering the non-financial services associated with assets and liabilities. How
accurately user cost approach measures the financial revenue and opportunity cost is
largely dependent on the allocation of excluded operating costs. However, due to the
measurement error and sensitivity to changes in data over time, it is very difficult to
estimate financial revenues and opportunity costs accurately which, in turn, make it
hard to distinguish between inputs and outputs under user cost approach (Berger and

Humphrey, 1992b).
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2.7.2.3. Value Added Approach

This approach was first applied by Berger et al. (1987) and assumes that a bank will
only offer a loan or accept deposit if it will make a strategic or financial contribution
in its business. According to the value added approach the balance sheet items (assets
or liabilities) that contribute to the bank’s value added (such as business associated
with the consumption of real resources) are considered output. Major categories of
deposits (term, demand and saving deposits) and loans (commercial and consumer
loans and mortgages) are main outputs under this approach because these are
responsible for most of the value added in banking business. Financial inputs of this
approach are purchased funds, foreign deposits, large cash deposits and other liabilities
for borrowed money because they need very small amount of labour and capital.
Government securities and other non-loan investments are viewed as unimportant
outputs because their value added contribution is very low (Berger and Humphrey,
1992b). This approach has been used by Pastor et al. (1997) for international

efficiency comparison of European and U.S. banking systems.
2.7.3. Operating/Profitability /Income Based Approach

Profitability approach, introduced by Leightner and Lovell (1998), is based on the
profit-oriented objective of the financial institutions, which assumes that these
institutions try to maximize the profit arising from their different financial activities.
This approach uses income-based outputs in contrast to the quantity-based outputs.
According to this approach, two outputs are net interest income (interest from loans
minus interest on deposits) and non-interest income which represent fees generated by
deposits without including deposits themselves. Input set of this approach includes
personnel expenses, and operating expenses. Drake et al. (2006) modified this profit

oriented approach by specifying revenue components as outputs and cost elements as
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input. However, Avkiran (2009a) further added that intermediation process can be
captured by proxy cost and revenue variables which effectively measure the profit
efficiency of banks. These proxy input variables include interest and non-interest
expense while output variables are interest income and non-interest income. Here we
can say that by using proxy variables, asset based intermediation process can be
converted to profitability based intermediation process. In other words, profitability

approach is profitability version of intermediation approach.
2.7.4. Marketability Approach

The marketability approach was proposed by Seiford and Zhu (1999b) in a study of
top 55 U.S. commercial banks to measure both profitability and marketability of
commercial banks. They defined a two-stage production process in which the first
stage measured profitability and the second stage measured marketability. Eight
factors have been expressed as inputs and outputs in these two stages. At the first stage
assets, labour and capital stock are used as input to generate revenues and profit.
Revenues and profits generated in the first stage are the intermediate factors that serve
as input for the second stage and generate market value, earnings per share and total

return to investor as outputs.
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Figure 2. 2 Graphical representation of the marketability approach
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2.7.5. Modern Approach

The modern approach introduced by Freixas and Rochet (1997) attempts to integrate
quality of bank services, agency cost and some of the risk measures. The most
innovative aspect of this approach is the introduction of the probability of bank failure
in the estimation of costs and quality of banking assets (Das and Ghosh, 2006). This
approach is similar to the risk based CAMEL approach where individual elements of
CAMEL have been derived from the financial tables of banks and employed as

variables in the performance analysis.
2.7.6. Portfolio Approach

Fama (1980) described banks as financial intermediaries that accept deposits and use
that money to purchase the securities. So in competitive banking environment banks
not only manage the transactions but also undertake the portfolio management

activities. Portfolio approach views balance sheet as a mix of both short (right hand
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side) and long (left hand side) positions generating different components of net income
(Clement, 2007). This intermediation function of banks under portfolio approach is
different from intermediation philosophy of Sealey and Lindley (1977) which

considers production and other costs as input along with the balance sheet items.
2.7.7. Risk-Return Approach

Hughes and Moon (1995) developed a structural model of production that allowed the
managers to trade profit for other managerial objectives particularly, the objective of
reducing risk. According to this approach, managers’ preferences of different
production plans are measured by a managerial utility function. The authors used the
parameters of this model to estimate a best practice stochastic risk-return frontier, the
predicted rate of return on equity (ROE), and the standard error of the prediction for
the sample of banks. This risk-return model has also been used in Hughes et al. (1996),

Hughes et al. (2000), Hughes et al. (2001), Hughes et al. (2003).
2.8. Selection of an Appropriate Banking Model

The previous section has provided a review of different banking behaviour modelling
approaches used in the banking literature, but the production approach and
intermediation approach are considered two major approaches on the basis of flow of
services provided by the financial institutions. According to Berger and Humphrey
(1997) neither of these approaches is perfect because neither of these wholly covers
the dual function of financial institutions as (i) processing transactions or documents
of customers and (ii) providing intermediation between lenders and borrowers.
However, they pointed out that production approach is appropriate for evaluating the
branch level efficiency of the financial institutions because branches process customer
documents on behalf of the whole institution and branch managers have very little

influence on the overall funding and investment decisions of the financial institution.
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On the other hand, intermediation approach is a better choice for evaluating the
efficiency of an entire financial institution because it takes into account interest
expenses which comprise about one-half to one-third of the total costs of the financial
institutions. Pursuing the profit orientation goal, banks’ managers aim to reduce both
interest and non-interest costs for the profit maximization of the financial firms.
However, there exists a controversy even in the intermediation approach regarding the
role of deposits that divide it into three subcategories i.e. asset approach, user cost
approach and value added approach. These approaches differ in the role that each
approach attaches to different categories of assets and liabilities in the form of inputs
or outputs (Tortosa-Ausina, 2002a). Some studies use only earning assets as output
which is in line with the asset approach of Sealey and Lindley (1977). It treats banks
as only the financial intermediaries between depositors and borrowers while regarding
deposits an input that contribute to the creation of loans. Under user cost approach
(Hancock, 1985a, b) assets and liabilities are classified as input or output on the basis
of their net contribution to bank’s revenue. However, in both these approaches inputs
and outputs are mutually exclusive. On the contrary, under value added approach
(Berger et al., 1987) liabilities may be treated as both input and output simultaneously.
Choice of each approach is context dependent (Camanho and Dyson, 2005).

Ferrier and Lovell (1990) remarked that if the goal of study is to evaluate the cost
efficiency then production approach is appropriate choice as it considers just operating
costs of the financial institution. On the other hand, intermediation approach is suitable
to choose when the goal of study is to evaluate the economic viability of financial
institution because this approach takes into account the overall costs of the financial

institution.
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The literature survey performed by Berger and Humphrey (1997) concluded that little
attention was given to the implications of using different approaches and consequently
to the definition of inputs and outputs in the efficiency assessment. However, in the
later years studies started to consider different banking models simultaneously to
evaluate the banking efficiency and found that efficiency results are significantly
influenced by the selection of inputs and outputs according to a particular banking
model (Tortosa-Ausina, 2002a, Tortosa-Ausina, 2002b, Avkiran, 2006, Das and

Ghosh, 2006, Drake et al., 2009, Sufian, 2009).
2.9. Issues Addressed in the Current Study

This section provides the brief literature review of the major issues that serve as
foundation for the development of different productions trade-offs of the DEATOB
Framework, added in the standard DEA model to transform it to a better informed

model.
2.9.1. Asset Quality/Risk

Risk is an essential element in the banking industry because banks produce their
outputs by taking different kinds of risks. For instance banks deal with loans,
investments and other financial services that correspond to credit, market and
operation risk. Among all these risks, credit risk is vitally important for the profitable
and sustainable growth of banking sector. Credit risk refers to the risk of loan default
that originates initially in the form of accumulation of poor quality assets known as
non-performing loans (NPLs) and results in the loan losses. It is well recognized in the
banking literature that omitting the credit risk factor in performance appraisal model,
would not only result in inaccurate conclusion regarding the inefficiency level

(Hughes and Mester, 1993, Mester, 1996, Hughes et al., 2001) but might also lead to
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subsequent financial crisis in future. Thus, for a sound financial system it is necessary
that financial institutions should be efficient and secure.

There is proliferation of banking efficiency studies. However, the banking literature
that has considered the risk factor in efficiency evaluation is relatively limited. With
respect to risk, banking efficiency literature can be distinguished into three distinct
strands. The first strand has completely ignored risk factor and handled the issue of
banks’ performance evaluation by exploring the information embedded in physical
inputs and outputs of banks. The aim of such studies is either refine/extend the existing
estimation approach (Thompson et al., 1990, Berger et al., 1993a, Thompson et al.,
1996, Seiford and Zhu, 2002, Sahoo and Tone, 2009a, Avkiran, 2011), studying the
impact of regulations and reforms (Bauer et al., 1998, Ataullah et al., 2004, Chen et
al., 2005, Das and Ghosh, 2006, Fethi et al., 2011) or discussing different other factors
such as the impact of merger (Seiford and Zhu, 1999b, Al-Sharkas et al., 2008),
ownership type (Sturm and Williams, 2004), and size (Das and Ghosh, 2006) etc.

This strand of literature presents an interesting point of view in terms of
methodological inductions, explanation of economic phenomenon and elaboration of
banking operational mechanisms. Nonetheless, mere utilization of conventional inputs
and outputs in the standard models of production may undermine their usefulness
particularly in the banking context where risk has an important economic role
(Hughes, 1995) and the conviction of conclusion derived from such research may be

constrained and misleading (Mester, 1996).

This shortcoming has been addressed by the second strand of studies that has
recognized the importance of credit risk. This strand of studies has explicitly

accounted for credit risk/loan quality through a one-step approach by incorporating
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risk measures into the production model as either input or output vector while

appraising banks’ efficiency. These studies can be divided into three distinct groups.

The first group of studies has considered non-performing loans (NPLs) as an indicator
of risk. For example Hughes and Mester (1993) and Mester (1996) used NPLs in
stochastic cost function as a control for loan quality and considered them endogenous
or bank specific factor. Being endogenous factor, NPLs reflect the negligence of
management in the initial evaluation and monitoring of loans (Mester, 1996). Berger
and Mester (1997) have also used NPLs in stochastic cost and profit function to
control for external shocks while considering it as an exogenous/environmental
variable. In addition to NPLs, all these studies have also treated financial equity capital

as an input in the production models as a representative of insolvency risk.

In contrast, Berger and Deyoung (1997) considered NPLs both exogenous and
endogenous factors. They used Granger Causality Model to empirically test the
relationship between NPLs and cost efficiency of 600 U.S. commercial banks during
1985-1994 by developing four hypothesis that are; “bad luck™ (exogenous), “bad

9% ¢

management”, “skimping” and “moral hazard” (endogenous). They concluded that all
four hypotheses have their own argumentation basis while having a negative
relationship between NPLs and cost efficiency. Some studies have also considered the
actual amount of loan losses (Berg et al., 1992, Paradi et al., 2011b) and NPLs to loans
ratio in the production model to reflect risk (Altunbas et al., 2000).

There are few studies which have used NPLs as an input in the DEA and DEA like
models for the efficiency evaluation of banks. However, these studies are silent
regarding their inclusion of NPLs in the efficiency model implying that these studies

have considered NPLs just as undesirable output without any explicit intention to

account for risk factor (Lotfi et al., 2010, Asmild and Matthews, 2012).
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The second group of studies has also adopted a one-step approach. However, this
group of studies, instead of using actual amount of loans at risk (NPLs), have
considered the risk coverage or cost of risk-taking in lending termed as loan loss
provision as input vector in deriving the production frontier in the DEA efficiency
model using intermediation or profitability approach of banking behaviour model. The
underlying assumption for using this variable is that despite being a cost for risk
coverage, it signals a safer environment for the depositors (Brockett et al., 1997,
Leightner and Lovell, 1998, Drake and Hall, 2003, Drake et al., 2006, Pasiouras,
2008a, Drake et al., 2009).

The third group of studies have considered multiple indicators for risk in the
performance evaluation model. For example Charnes et al. (1990) have used loan loss
provisions and loan losses as indicators of risk in their polyhedral cone ratio DEA
model. Chang (1999) has used NPLs, loan loss provision and weighted risky assets as
input in the DEA based production model. Paradi et al. (2011b) have used NPLs and
loan loss provision in the input set of intermediation banking approach whereas
included loan losses in the inputs of profitability approach in DEA based bank
branches study of big five Canadian banks.

In contrast to the second strand, the third strand has incorporated risk in the efficiency
studies as an exogenous variable by following the multistage evaluation method. Most
of the studies have used frontier techniques (parametric or non-parametric) at the first
stage to calculate the efficiency scores without risk. At the second stage these
efficiency scores are regressed on or tested for correlation with a set of variables
describing different characteristics being investigated including risk. However, there is
huge diversity in the variables selected to represent risk. For example, risk has been

incorporated in the form of NPLs (Staub et al., 2010), ratio of NPLs to total loans (Isik
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and Hassan, 2003), loan loss provision to total loans (Kwan, 2003, Havrylchyk, 2006,
Sufian, 2009), and loans to total assets (Maudos et al., 2002, Ariff and Can, 2008).
This literature discussion indicates that importance of credit risk in efficiency studies
is well established. This literature on risk also clearly represents that there are only few
studies that have addressed the issue of risk in DEA studies by incorporating risk
measure in the efficiency model. Moreover, in spite of explicitly dealing with the
credit risk through incorporation of risk measures, as done in the studies mentioned
above, there is still a possibility that risk variable can be ignored in the final analysis
due to the allocation of zero weight to that variable.

However, there is not a single study that has dealt with the risk element of poor quality
assets and relevant additional information in the DEA based model. The current study
has incorporated credit risk explicitly at the first stage and used the theoretical concept
of production trade-offs'! to incorporate additional information regarding credit risk in
the model. In this study, we are considering credit risk (the total amount of NPLs and
loan loss provisions) in the model irrespective of their determinants. This is so,
because in our opinion, macroeconomic factors are exogenous to the banking industry
and similar for all banks. On the other hand, NPLs in all banks not only reflect poor
quality asset but also capture the management’s ability to control the exposure of risk.
The purpose of incorporating credit risk factor in the study through production trade-
offs is to investigate whether a banks technical efficiency is significantly different

when risk is specified as compared to when risk is not specified.
2.9.2. Regulations and Bank Specific Factors

A number of studies have examined the impact of regulations and bank specific

endogenous and exogenous factors on the efficiency and productivity of banks.

! production Trade-offs are explained in detail in Chapter 4 section 4.7.3.

59



Chapter 2

However, these studies mostly focused on the regulations related to the deregulation
and liberalization of banking sector and related reforms (Leightner and Lovell, 1998,
Ataullah et al., 2004, Chen et al., 2005, Das and Ghosh, 2006, Fethi et al., 2011)