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Abstract 

Keywords: bank performance evaluation; financial measures; non-financial measures; risk-

adjusted performance measures, bank efficiency; scale efficiency; scope efficiency; X-

efficiency; cost efficiency; standard profit efficiency; alternative profit efficiency; intermediation 

approach, production approach, asset approach, user-cost approach; value added approach; 

Data Envelopment Analysis; input-orientated; output-orientated; constant returns to scale; 

variable returns to scale; efficiency scores 

The greater competition and concentration in South Africa's financial sector has put South 

African banks under more constraints and led to questioning of their present performance. With 

a greater demand for financial services and more complains about the low quality of financial 

services and charges being too high, there has been increasing debate about how efficient 

South African banks really are. 

This study discusses performance evaluation, the traditional financial and non-financial 

measures used, and their limitations. The concept of bank efficiency is also briefly discussed, 

including scale efficiency, scope efficiency, X-efficiency, cost efficiency, standard profit 

efficiency, alternative profit efficiency and the risk component of bank efficiency. 

Data Envelopment Analysis (DEA) was chosen as the most appropriate method to estimate the 

scale efficiency and technical efficiency of 37 districts (and 10 provinces) of one of the largest 

banks in South Africa. 'DEA involves solving linear programming problems that generate a non-

parametric, piecewise linear convex frontier that envelops the input and output data relative to 

which cost is minimized' (Fare et al., 1985b:193). The intermediation approach was used 

incorporating both the input- and output-orientated approach under variable returns to scale. 

The analyses indicated that 19 districts out of the 37 districts were not at least once fully 

technically efficient during the 22 months (input- and output-orientated). The same results were 
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found with regard to scale efficiency: 17 districts out of the 37 districts were not at least once 

fully scale efficient (input-orientated) and 19 districts out of the 37 districts were not at least 

once fully scale efficient (output-orientated), during the 22 months. Synergy was found in 6 

provinces out of the 10 provinces (input- and output-orientated). 
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Uittreksel 

Sleutelwoorde: evalueer werksverrigtinge van bank; finansiele maatstawwe; nie-finansiele 

maatstawwe; risiko-aangepaste maatstawwe vir werksverrigtinge, bankdoeltreffendheid; 

skaaldoeltreffendheid; geleentheidsdoeltreffendheid; X-doeltreffendheid; koste-doeltreffendheid; 

standaard winsdoeltreffendheid; alternatiewe winsdoeltreffendheid; intermediere benadering, 

produksie benadering, bate benadering, gebruikerskoste benadering; toegevoegde waarde 

benadering; Data Envelopment Analise; inset-orienteringsbenadering; uitset-orieterings-

benadering; konstante skaalopbrengs; veranderde skaalopbrengs; telling vir doeltreffendheid 

Die toenemende kompetisie en markkonsentrasie het gelei tot groter druk op die Suid-

Afrikaanse finansiele sektor. Dit het daartoe gelei dat markoritleders die huidige Suid-Afrikaanse 

banke se doeltreffendheid bevraagteken het. Die groter vraag na finansiele dienste, meer 

klagtes oor die swak kwaliteit van finansiele dienste en die hoer koste van dienste het gelei tot 

"n toenemende resensering van Suid-Afrikaanse banke. 

Die studie bespreek die evaluering van die bank se werksverrigtinge, die tradisionele finansiele 

en nie-finansiele maatstawwe wat gebruik is en hul beperkings. Die konsep van 

bankdoetreffendheid is ook kortliks bespreek, dit sluit in skaaldoeltreffendheid, 

geleentheidsdoeltreffendheid, X-doeltreffendheid, koste-doeltreffendheid, standard 

winsdoeltreffendheid, alternatiewe winsdoeltreffendheid en die risiko komponent van 

bankdoeltreffendheid. 

Die Data Envelopment Analise (DEA) was gekies as die mees geskikte metode om die 

skaaldoeltreffendheid en tegniese doeltreffendheid van 37 distrikte (en 10 provinsies) van een 

van die grootste banke in Suid-Afrika te meet. Die DEA behels die berekening van liniere 

programmeringsprobleme wat 'n nie-parametriese, konvekse grens genereer, wat alle insette 

en uitsette insluit om kostes the minimeer (Fare et a/., 1985b: 193). Die intermediere benadering 
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was gebruik onder die inset- en die uitset-orienteringsbenadering. Beide die benaderings was 

toegepas onder die benadering van veranderlike skaalopbrengste. 

Die analises toon dat 19 distrikte uit die 37 distrikte was nie een keer gedurende die 22 maande 

volkome tegnies doeltreffend nie (inset- en uitset-georienteerde benadering). Dieselfde resultate 

is bevind met die toets vir skaaldoeltreffendheid oor die 22 maande. 17 distrikte uit die 37 

distrikte was nie een keer volkome skaaldoeltreffend nie (inset-georienteerd) en 19 distrikte uit 

die 37 distrikte was nie een keer volkome skaaldoeltreffend nie (uitset-georienteerd). Sinergie 

was gevind in 6 van die 10 provinsies (inset- en uitset-georienteerde benadering). 
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CHAPTER 1 
INTRODUCTION 

Chapter 1: Introduction 

1.1. Introduction 

Banks fulfill the primary need for financial services in the South African economy. Customers 

need to believe that the financial services they receive provide reasonable value for money. 

Various increases in bank fees over the last decade or two have led to questioning of the 

efficiency levels of South African banks. Are the higher bank fees the result of a lack of 

efficiency within the banking sector? 

1.2. Problem statement and motivation 

Until the late 1980s the South African financial sector was dominated by five commercial banks, 

namely Standard Bank, First National Bank, Volkskas Bank, Nedbank and Trust Bank. During 

the 1990s the banking sector underwent re-organization and consolidation, where Volkskas 

Bank, Allied Bank, United Bank and Sage Bank merged to create the Amalgamated Banks of 

South Africa (ABSA) (Akinboade & Makina, 2006:107). Today the four largest banks in South 

Africa are First National Bank, Nedbank, Standard Bank and ABSA (Hawkins, 2004:183). 

According to Mboweni (2004:1) South Africa has established a well-developed banking system 

over the past decade. South African banks are also well utilized and managed in sophisticated 

risk-management systems and corporate-governance structures. With the required systems 

available, why should South African banks not be efficient? Akinboade and Makina (2006:107) 

stated that the reorganization of the banking sector during the 1990s led to the establishment of 

banking services to poor communities, which were neglected during the apartheid era. 

From the end of apartheid an increasing number of black people have entered the formal 

economy, demanding more banking and other financial services in townships (Okeahalam, 

2006:105). Finscope (2007:1) stated that the number of banked South Africans has increased 
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from 46.6% in 2005 to 51% in 2006. Consumers however complain that the present service 

quality is low and that bank charges are too high (Okeahalam, 2006:105). Does this mean the 

increasing need for financial services has impeded the banks' ability to be efficient? 

According to SARB (2007:17) the South African banking sector is highly concentrated. The 

Herfindahl-Hirschman Index (H-index) can be used to measure the concentration in the banking 

industry. A H-index below 0.1 indicates that there is no concentration and a H-index above 0.18 

indicates a high level of concentration. A H-index between 0.1 and 0.18 is an indication of 

moderate concentration (Bank Supervision, 2007:2). The H-index showed an estimate of 0.184 

during December 2006 (see Figure 1.1), indicating the great dominance by the four largest 

South African banks (Bank Supervision, 2007:2). Figure 1.1 also shows how the concentration 

of the South African banking industry increased from an estimate of 0.131 in 2001 to 0.184 in 

2005 and 2006. 

Figure 1.1: The H-index for the South African banking system (2001-2006) 

Index 
0„1S I 1 

20Q1 2002 2003 2004 2005 2006 

Source: Bank Supervision (2007:2). 
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In 1994 the four largest banks owned about 83.8% of total assets owned by the banking sector 

and about 87.4% in 2004 (Mboweni, 2004:1). According to Mboweni (2003:9) the four largest 

South African banks had about 83% of total deposits during 2003. Okeahalam (2006:105) also 

stated that these four banks are controlling over 85% of total deposits and assets in South 

Africa. These four banks also handle about 85.17% (March 2005) of the banking business in 

South Africa (Van der Westhuizen, 2006:1). These figures are another indication of the great 

market power these four banks have. The increased interest margin banks experienced towards 

the end of 2000 is also an indication of the strong market power present in the South African 

financial sector (Bank Supervision, 2002:13). At the end of March 2005 the market shares for 

ABSA was 25.06%, for Nedbank 23.92%, for Standard Bank 30.17% and for First National Bank 

20.85%. 

The South African banking industry is more concentrated that the British banking industry and is 

less subject to international competition. That is why the South African Reserve Bank (SARB) 

(2000:170) claimed that the findings of the British banking industry investigation, which was 

done by the Cruickshank Commission, are also applicable to the South African banking 

industry. The Cruickshank Commission came to the following conclusions (SARB, 2000:170): 

• The banks were making monopolistic profits from the payment system. 

• The banks were allowed to write their own rules. 

• The banks were not supplying sufficient useful information to consumers. 

This is another indication of the dominance the four largest banks may currently have. The 

question now is, are these four banks using their dominance to increase bank efficiency? This 

leads to another question: Are bank customers paying too high bank fees for the financial 

services they receive, or are the four large banks using their dominance to become more 

3 



CHAPTER 1 
INTRODUCTION 

profitable rather than being more cost efficient? 

With compliance practices and regulated accounting changing, financial costs are increasing in 

the bank industry (Hawkins, 2004:196). Operating costs have also outgrown bank incomes 

during 2000 (Hawkins, 2004:196). Akinboade and Makina (2006:117) stated that the ratio of 

deposits to Gross Domestic Product (GDP) maintained an upward trend during the period of 

1994 to 2002, averaging 61%. This suggested that local short term savings have been more 

effectively mobilized. However, according to Hawkins (2004:200) savings accounts are costly, 

accruing fees for both withdrawals and deposits. Banking Supervision (2002:50) stated that staff 

costs continued to rise, while employment and expenses associated with branch closure are 

declining. It is also extremely difficult to determine if consumers are receiving financial products 

and services at a fair price. Hawkins (2004:197) stated that South African banks compete by 

advertising interest rates, while charges and fees are rarely revealed (Hawkins, 2004:197). The 

increase in non-interest income to about 50% of banks' income suggests that customers may 

not be paying fair prices for financial services (Hawkins, 2004:197). 

Apart from the competitiveness in the South Africa banking industry, competitive constraints 

removed from this industry (SARB, 2000:160), are leading to challenges the South African 

banks must overcome. These challenges include the following (SARB, 2000:170): 

• Ensuring that the financial sector remains systematically stable in a rapidly changing 

technological environment and sharply increased competitive conditions. 

• Ensuring that banking services are delivered to the whole community, including the poor. 

Another challenge according to Arora and Leach (2005:1726) may also be the cost of providing 

financial services on a small scale. 
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Greenwood and Jovanovic (1990:1076) and Akinboade and Makina (2006:103) stated that 

financial intermediaries have the ability to allocate resources efficiently and the ability to 

promote long-run economic growth. According to Hawkins (2004:196) there is still room for the 

South African banks to improve their efficiency. Thus the primary motivation for this study is to 

shed light on the present standing of the efficiency levels of a large South African bank. 

1.3. Goal 

The lack of data about each individual bank branch led to the use of districts. The goal of this 

study is to estimate the efficiency of 37 districts of one of the largest banks in South Africa 

covering a 22 month period. These 37 districts are also aggregated into 10 provinces to 

determine if synergies are present in the bank structure. 

1.4. Research methodology 

To establish the required background a literature study on various topics will be done. This 

research will enable one to perform an empirical study, which involves the estimating of the 

efficiency levels of one of the largest banks in South Africa. DEA will be used to estimate the 

relative efficiency of the 37 districts. 

The DEAP (version 2.1) program developed by Coelli (1998) will be used. The intermediation 

approach is best suited for the available data and both the input- and output-orientated 

approach under the variable returns to scale approach will be used. Variable returns to scale 

has fewer restrictions than constant returns to scale which will not function under conditions 

such as imperfect competition and constraints on finance (Coelli et a/., 1998:150). Both 

technical efficiency and scale efficiency of the 37 districts will be estimated. 
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1.5. Outline of study 

A summary of each chapter's contents will follow to indicate what the reader can expect from 

each chapter. 

1.5.1. Chapter 2 

In chapter 2 bank performance evaluation is discussed. The meaning, role and development of 

a performance model in the organization is discussed. Traditional performance measures, 

including financial and non-financial measures are discussed with their advantages and 

disadvantages. The risk factor and why bank performance evaluation must be accompanied by 

the risk factor is also discussed. The factors influencing bank performance evaluation and the 

unresolved problems in bank performance evaluation are also discussed. 

1.5.2. Chapter 3 

In this chapter the meaning of efficiency is discussed including the different concepts of bank 

efficiency. This includes scale efficiency, scope efficiency, X-efficiency, cost efficiency, standard 

profit efficiency, alternative profit efficiency and the risk component of bank efficiency. The steps 

in measuring bank efficiency are also discussed and this includes the approaches available for 

choosing the appropriate inputs and outputs. The problems associated with the measurement of 

bank efficiency are also discussed. 

1.5.3. Chapter 4 

Data Envelopment Analysis (DEA), as the chosen technique in this study, will be discussed. 

The DEA involves the use of linear programming methods to construct a non-parametric, piece-

wise frontier across the data (Coelli et al., 1998:140). The following factors, that influence the 

construction of the DEA model, are discussed. These factors are: input- or output orientation; 

slacks; return to scale properties; cost minimization or profit maximization; environmental factors 

and congestion. The Malmquist index as well as the advantages and disadvantages of the DEA 
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are also discussed. Other efficiency measurements, namely, the Stochastic Frontier Analysis 

(SFA) and the thick frontier are also briefly discussed. Efficiency scores that are generated from 

different efficiency measurements are also discussed. 

1.5.4. Chapter 5 

This chapter involves the efficiency estimates generated by the DEA analysis. Both technical 

efficiency and scale efficiency of 37 districts over a 22 month period will be estimated and it 

includes both the input- and output-orientated approach under variable returns to scale. The 

intermediation approach will be used to classify the inputs and outputs used in the DEA 

analysis. The presence of synergies will also be evaluated to determine whether the 37 districts 

generate a greater efficiency estimate as a province (group) rather than as a district. 

1.5.5. Chapter 6 

This chapter contains the findings and concluding remarks which the literature study and DEA 

analyses revealed. 
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Chapter 2: Bank Performance Evaluation 

2.1. Introduction 

The goal of this chapter is to introduce bank performance evaluation. In doing so, attention will 

be paid to aspects like why performance measurements are important (section 2.3); the role of 

performance measures (section 2.4) and which factors keep the bank from achieving its goals 

of maximizing bank equity (section 2.3). How the main performance indicators are chosen 

(section 2.3, 2.4); which flaws/drawbacks and limitations do performance indicators have 

(section 2.3) and the different types of performance measures (both financial and non-financial 

measures) (section 2.5, 2.6) will be discussed. Also in this chapter the weaknesses of financial 

measures, non-financial measures and of the balanced scorecard will be discussed (section 

2.5, 2.6, 2.7). How some of these weaknesses can be overcome by introducing risk-adjusted 

measures (section 2.8); the meaning of risk-adjusted measures, their weaknesses and the 

different types of risk-adjusted measures (section 2.9); the factors influencing bank performance 

evaluation (section 2.10) and the unresolved problems (section 2.11) are discussed. 

2.2. Background 

Greater competition in domestic and international markets and fundamental structural changes 

are forcing organizations to be more flexible and productive, with greater concentration on 

serving the customer (Hartle, 1997:45). Kimball (1997:24) stated that the greater specialization 

and focus in commercial banks were permitted by the 30 years of evolution in bank structures 

and management. During the 1980s organizations became more performance-orientated, which 

led to an era of 'management by objectives' (Hartle, 1997:46). However, until 1994 South 

Africa's banking sector had been deteriorating because of political isolation and restrictions on 

bank branching (Mboweni, 2004:1). The restrictions on bank branching in the U.S.A. caused 

limited bank performance and vulnerability to localized economic distress. 
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However, these legal restrictions to interstate branching was removed in June 1997 (Neely & 

Wheelock, 1997:24). 

Kimball (1997:24) stated that the economy realized that there was an increasing need for 

specialized expertise in banking, for example, expertise in cash management, international 

banking and asset-based lending. Banks began therefore to specialize in different product lines 

and this was soon designated as a line of business (Kimball, 1997:24). Banks began to 

organize and manage themselves as a collection of different lines of businesses, each with a 

different product, customer, distribution channel or geographic mandate operating semi-

autonomously. This gave rise to new issues concerning performance measurement, risk 

management, resource allocation and it resulted in the strategic use of branches (Kimball, 

1997:24). 

Hartle (1997:65) stated that effective performance management has some of the following 

phases, namely, planning, managing and reviewing performance. Kimball (1997:24) stated that 

top management needed profitability reports for each branch to measure performance. 

According to Hartle (1997:66) performance review gives the organization the opportunity to step 

back from the daily activities, helping to analyze performance trends and to plan for the future. 

Verma (1992:279) stated that performance measurement contributes to management control, 

where it evaluates whether results from planned actions were realized. However, this caused 

problems because branches often shared customers, products and distribution channels. 

Kimball (1997:24) claimed that the answer to this problem was to gather more information than 

just organizational profitability. According to Verma (1992:279) traditional measures of profit 

were no longer appropriate for the motivation of desired behaviours such as greater productivity 

and focus on customers. Organizations were therefore pressured to redesign their performance 

systems. Rather than the traditional measures like financial profit and cost, new categories were 
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included for measuring productivity, quality and customer satisfaction (Berliner & Brimson, 

1988:62). 

Each line of business generated different exposures to interest rate risk, credit risk, prepayment 

risk and operating risk that can expose the bank to possible losses. Top management realized 

that reporting systems were needed to monitor financial results and potential risks (Kimball, 

1997:25). The profitability of branches varied directly with the riskiness of their portfolio and 

operations (Koch & MacDonald, 2003:118), making resource allocation based only on gross 

profitability not sufficient. Top management became therefore aware of the need to measure 

returns on a risk-adjusted basis (Kimball, 1997:25). New performance reporting, risk 

management systems and new data bases were needed. New analytical approaches permitting 

top management to objectively weigh costs, benefits and risks were also needed (Kimball, 

1997:25). 

2.3. Bank performance 

Mester (2003:3) stated that for a bank to achieve outstanding performance it means that the 

bank succeeded in maximizing the shareholders' wealth, in other words, maximizing the market 

value of a firm's common stock. Company performance should be measured against an 

objective. Without an objective the company will have no criterion on choosing investment 

strategies and projects (Mester, 2003:3). Performance measurement is important in keeping the 

company on track in achieving their objectives (Armstrong, 2000:4). "The main purpose of 

performance measurement is to align the goals of individual employees and the bank as a 

whole" (McDonell & Rubin, 1991:56). Mester (2003:3) stated that efficiency is a measure of the 

deviation between actual performance and desired performance. The objective of performance 

evaluation and the information used depends on the perspective of the evaluator (Gardner & 

Mills, 1994:667). The forefront of managing company performance is to measure the 
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competitive productivity strategies, quality improvements and speed of services (Johnson, 

1996:846-848). 

Fitzergerald et al. (1993:6-8, 19-22) stated that there are no boundaries in selecting main 

performance indicators, because they are used for random purposes. Fitzergerald et al. 

(1993:6-8, 19-22) continue stating that the main performance indicators include a combination 

of financial, market/customer, competitor, human resource, internal business process and 

environmental indicators. It is important to combine both cost efficiency estimates with 

profitability tests so as to evaluate financial firm efficiency. One needs to evaluate a bank's 

ability to use resources effectively in producing products and services (cost efficiency) and their 

skill at generating income from these services (profit efficiency) (Spong et al. 1995:5). 

Avkiran (1997:232) stated that the main steps that should be followed in developing a 

performance model are as follows: 

• Review the corporate objectives and strategies. 

• Define branch performance in terms consistent with corporate objectives. Identify those 

performance variables that are critical to the bank's success. Reflect the mix of personal 

banking business at branches. 

• Identify the potential variables that are associated with branch performance. Identify 

those potential variables controllable by management. 

• Determine the sources of data for performance and potential variables. 

• Develop multivariate measures for data collection. 

• Analyze data through multiple regression and other techniques. Determine the sets of 

potential variables explaining each of the performance variables. 

• Examine the results of the analysis and raising performance through reconfiguring 

branches. 
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Figure 2.1: The framework of bank performance 

Market price of bank's shares 

Return/risk trade-off 

Shareholders' 
preferences 

Executive 
decision making 

Business banking 
performance 

Personal banking 
performance 

I 
Branch performance 

outcomes 

Economic and 
regulatory 

environment 

Operations 
performance 

Catchment-area-
specific potential 

variables 
(non-controllable) 

Branch-specific 
potential variables 

(controllable) 

Catchment-area-
specific potential 

variables 
(non-controllable) 

Branch-specific 
potential variables 

(controllable) 

Catchment-area-
specific potential 

variables 
(non-controllable) 

Source: Avkiran (1997:226). 

The catchment-area-specific, non-controllable potential variables capture market information, 

socio-economic, demographic and market information. These variables interact with branch-

specific controllable potential variables, resulting in branch performance outcomes (Avkiran, 

1997:225). These outcomes define the personal banking performance. The executive decision 

making is influenced by the nature of the economic and regulatory environment. It is also 

influenced by the shareholders' preferences and feedback on performances of business 

banking, personal banking and operations (Avkiran, 1997:226). Executive decisions involve the 

trade-offs between maximizing returns and minimizing risks. Capital markets therefore assess 

the overall performance of the bank. Keeping in mind the bank's managerial actions and the 

accurate pricing of shares (Avkiran, 1997:226). 
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In order to maximize a bank's equity Hempel and Yawitz (1977:25-27) identified some key 

variables. According to them these variables include gross receipts from assets (interest income 

and non-interest income from loans), cost of liabilities (interest expense on deposits), overhead 

costs (non-interest expense), taxes and risk premiums, which are added to the risk-free interest 

rate. Managerial decisions as one of the key variables must also be examined, because they 

produce four key activities influencing the equity value. These key activities include spread 

management, control of overhead, liquidity management and capital management (Avkiran, 

2006:277). Spread management is the management of the difference between gross revenues 

(interest income plus non-interest income) and interest expenses, where the desirable state is 

to sustain a high positive spread over time (Avkiran, 2006:278). 

Spread management also includes the control of non-interest expenses, where the control of 

overhead costs or non-interest expenses is the ability to minimize these expenses while 

maintaining a high spread (Avkiran, 2006:278). Liquidity management is the ability to convert 

short-term assets into cash to meet unexpected deposit withdrawals or funding needs and 

liquidity requirements of the country's central bank (Avkiran, 2006:278). Swank (1996:176) 

stated that liquidity management today involves borrowing from interbank markets serviced by 

wholesale banking and securitization of assets. Avkiran (2006:278) stated that capital 

management is the balancing of the level of capital in such a manner to sustain growth of 

assets and liabilities without decreasing public confidence or profitability. 

Sinkey (1992:70-71) also developed a framework (Figure 2.2) to maximize the equity value of a 

bank, which stated that the objective of maximizing the shareholders' wealth is being 

determined by the owners' preferences, management's attitudes and decisions and the society. 

Sinkey (1992:71) also stated that there are six policy strategies to take into account in order to 

achieve maximum equity value. These policies depend on the riskiness of a bank's balance 

sheet and include spread management, control of the burden, liquidity management, tax 
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management and management of off-balance sheet activities. Tax management is the 

minimization of tax liabilities. The management of off-balance sheet activities, like letters of 

credit, lines of credit and loan commitments, is to increase fee income and to reduce the 

burden. The burden is the difference between non-interest income and non-interest expenses 

(Avkiran, 2006:278). 

Figure 2.2: Policies to maximize the bank's equity value 

Owners' 
Preferences 

Bank's Primary ^_ Society: The 
Objective Regulatory and 

'Maximize equity Economic 
value' Environment 

Policy Strategies to Achieve 
Bank's Primary Objectives 

1. Spread Management 
2. Control of 'Burden' 
3. Liquidity Management 
4. Capital Management 
5. Tax Management 
6. Management of Off-Balance 

Sheet Activities 

Source: Sinkey (1992:70). 

Virtually all performance evaluators use accounting and other data to help in calculating the 

financial condition of an institution and the level of management (Gardner & Mills, 1994:667). 

Financial measures alone have serious limitations, because of their backward-looking nature, 

their limited ability to measure operational performance and their tendency to focus on the 

short-term (Kaplan & Norton, 2001 a:3). Backward-looking nature means that it is limited by 

historical financial data. The value of information in measuring performance is addressed by the 

'informativeness principle' (Holmstrom 1979:83-87; Shavell 1979:56-59). This principle states 
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that the more reliable the information, the more weight it should be given with the goal of 

reducing the error term in a model (Milgrom and Roberts 1992:219). 

Koch and MacDonald (2003:170) stated that the traditional bank performance analysis carried 

three basic flaws: 

• It ignored the wide diversity in strategies pursued by different institutions. 

• A bank's total assets no longer served as a meaningful yardstick when banks engaged 

in off-balance sheet activities. 

• The analysis provided no direct information concerning how or which of the bank's 

activities contributed to the creation of shareholder value. It therefore ignores other 

performance benchmarks that consumer-focused managers must have considered to 

identify the best strategies going forward. 

De Young (1997:21) stated that the accounting-based cost ratio is the traditional tool used by 

bank analysts to measure cost efficiency, which is difficult to interpret. For example, the banking 

industry has become inefficient over time, spending over 20% more on labour, materials and 

physical plant. These data are misleading, because this cost ratio does not control for increases 

in fee-based activities. It alters the relationship between non-interest expenses and assets in 

banks. In other words, expense ratios mislead trend analysis if product mix changes over time 

and in cross-sectional analysis if the banks being compared have dissimilar product mixes (De 

Young, 1997:21). Brown and Mitchell (1993:729-732,735-736) stated that the selection of 

performance measurement indicators should be: 

• Driven from strategies, providing a linkage between strategic plans and business unit 

actions. 

• Hierarchical and integrated across business functions. 
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• Supportive of the company's multidimensional environment. 

• Based on an understanding of the cost behaviour and cost relationships. 

The next section describes the contribution performance measures make in the organization. 

2.4. The role of performance measures in an organization 

A successful organization depends upon the decision-making ability of its managers, which 

depends upon the availability of useable information (Milgrom & Roberts, 1992:544). 

Performance measurement is therefore important because it helps the organization to stay on 

track in achieving its objectives (Armstrong, 2000:4). It also serves as a monitoring mechanism 

employed by the owners of a company (Baker & Wruck, 1989:167,189). 

Apart from the requirements stated by Brown and Mitchell (1993: 729-732,735-736) in the 

previous section, Kimball (1997:25, 36-40) argued that a good performance measurement 

system should be: 

• Supportive and consistent with an organization's people/culture, goals, actions and key 

success factors. 

• Driven by the customer. 

• Appropriate to the external and internal environment. 

• Developed by a combined bottom-up and top-down effort. 

• Integrated and communicated throughout the organization. 

• Focused more on managing resources and inputs, not just on costs. 

• Committed to providing action-orientated feedback. 

• Supportive of organizational and individual learning. 
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How to measure performance still depends on each individual organization, because of different 

situations and circumstances (Berry et al., 2005:94). Performance is defined by individual 

organizations according to their business objectives and strategies (Fitzergerald et al., 

1993:10). The main performance indicators are usually a combination of financial and non-

financial indicators (Kaplan & Norton, 2001 a:3). 

2.5. Financial measures 

The American Accounting Association (1966:1) defined financial measures as a 'process of 

identifying, measuring and communicating economic information to permit informed judgment 

and decisions by users of the information'. Financial measures consist mainly of profitability 

measures and other financial measures that will be discussed in the following sections. 

2.5.1. Profitability measurement 

Although the fund transfer pricing systems helped in identifying and managing bank exposures 

to interest rate risk, they were not sufficient in calculating profitability (Kimball, 1997:31). From 

the early 1980s new cost accounting methodologies called activity-based accounting were 

introduced. It permitted banks to better understand the forces driving their costs and to allocate 

these costs to their sources (Kimball, 1997:32). However, the problem with this approach was 

that it did not provide enough information about the relationship between revenues and 

expenses. The purpose of activity-based accounting was to build cost allocation systems 

around business processes. This gave a better view of the relationship between transaction 

volumes and incremental costs (Kimball, 1997:32). Activity-based accounting made it possible 

to reduce the shared costs treated as overheads and therefore allocate such costs to the 

products or customers. However, under the activity-based accounting system the product 

upgrades cost would be allocated to the requesting branch (Kimball, 1997:33). 
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Banks began to built systems where they were able to calculate profitability by line of business 

and also to measure profitability of customers, products and distribution channels (Kimball, 

1997:33). Insight was therefore gained concerning the differences among customers in their 

profitability to the bank. A study was conducted on the middle-market corporate customers of a 

Texas bank, where they were grouped according to their profitability to the bank (Kimball, 

1997:33). The results indicated that only 30% of the customers were profitable. These profits 

were also twice the size of the profits of the whole business unit and this study gave banks the 

insight to realign service levels and to price products better. Banks also needed to analyze 

customers to understand the sources of these differences in profitability (Kimball, 1997:33). 

Kimball (1997:34) stated that revenues are positively correlated with the sum of deposits and 

loans. This makes profitability very sensitive to changes in branches' deposits and loans. These 

insights help banks to undertake acquisitions, where acquisitions permitted banks to consolidate 

branches with overlapping service areas and to obtain economies of scale at the branch level 

(Kimball, 1997:34). The question is how will a bank determine the increase in non-interest 

expenses resulting from the acquistion? Using table 2.1, this problem can be addressed for the 

branch-based retail business of a money center bank. In table 2.1 the percentage increase in 

non-interest expense associated with a 25% increase in volumes will differ by activity. However, 

this increase is less than the increase in volumes (Humphrey, 1985:767-770). The overall non-

interest expense will increase by 10%. Table 2.1 also explains the decision by banks to expand 

through acquisitions. However, 'if the acquired bank had overlapping distribution systems and 

the same cost structure as the acquiring bank then table 2.1 would indicate that 60% of the non-

interest expense of the acquired bank could be eliminated after a merger'. These kind of 

analyses can help with the setting of goals by banks to help reduce expenses from mergers and 

consolidations (Kimball, 1997:35). 
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Table 2.1: Volume relationship percent increase in non-interest expense resulting from a 25% 

increase in volumes in the branch-based retail business of a money center bank 

Function A B C D E 

Marketing 7 7 

Sales 11 11 2 — 7 

Transportations Processing 18 15 2 — 15 

Account Maintenance — 13 3 — 11 

Customer Service 11 5 2 — 10 

Support/Management 6 1 ~ 4 5 

Total 12 12 2 4 10 

A - Branches 

B - Operations 

C - Systems 

D - Support/Overhead 

E - Total 

Source: Gemini Consulting (1999: Appendix). 

Most bank managers however quote Return On Equity (ROE) or Return On Assets (ROA) or 

other growth rates when asked about the performance of the bank (Avkiran, 1997:224). 

2.5.1.1. Return On Assets (ROA) 

ROA is a profitability measurement and an overall measure of bank performance, from an 

accounting perspective. It measures the bank's net income per dollar of assets (Sinkey, 

1992:43). ROA gives an idea as to how efficient management is at using its assets to generate 

earnings. ROA can be calculated by dividing a company's annual earnings by its total assets. 

Sometimes this is referred to as 'return on investment' (Anon., 2006a:1): 
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R Q A = Net _ Income ( 2 / | ) 

Total Assets 

Some investors add interest expense to net income when performing this calculation, 

because they would like to use operating returns before cost of borrowing. ROA tells one what 

earnings were generated from invested capital (assets) (Anon., 2006a: 1). ROA can vary 

substantially and will be highly dependent on the industry. For this reason it is best to compare it 

to the ROA of a similar company. The ROA figure gives investors an idea of how effectively the 

company is converting the money it has to invest into net income (Anon., 2006a: 1). The higher 

the ROA the better it is, because the company is earning more money on less investment. For 

example, if one company has a net income of $2 million and total assets of $6 million, its ROA 

is 33%. If another company earns the same amount of income but has total assets of $8 

million, it has an ROA of only 25%. Based on this example, the first company is better at 

converting its investment into profit (Anon., 2006a:1). 

ROA provides no direct information concerning how or which of the bank's activities contribute 

to the creation of shareholder value. It ignores other performance benchmarks that customer-

focused managers must consider to identify the best strategies for the future (Koch & 

MacDonald, 2003:170). 

2.5.1.2. Return On Equity (ROE) 

ROE is another profitability measurement and measures accounting profitability from the 

shareholder's perspective (Sinkey, 1992:43). It measures a firm's efficiency at generating profits 

from every dollar of assets. It also shows how well a company uses investments to generate 

earnings growth (Anon., 2006b:1). ROE is equal to a fiscal year's net income (after preferred 

stock dividends, before common stock dividends) divided by total equity (excluding preferred 

shares) (Anon., 2006b: 1): 
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ROE = Netjncome ^ 
Average _ Stockholders _ Equity 

ROE is best used when it is compared to companies in the same industry. High ROE yields no 

immediate benefits. Since stock prices are most strongly determined by earnings per share 

(EPS), investors will be paying twice as much (in Price/Book terms) for a 20% ROE company as 

for a 10% ROE company (Anon., 2006b: 1). The benefit comes from the earnings reinvested in 

the company at a high ROE rate, which in turn gives the company a high growth rate. ROE is 

irrelevant if the earnings are not reinvested. ROE is calculated from the company's perspective, 

on the company as a whole (Anon, 2006b: 1). 

The du Pont analysis is a way to break ROE down into three components, namely net margin, 

asset turnover and financial leverage. Splitting ROE into three parts makes it easier to 

understand changes in ROE overtime (Anon., 2006b:1). ROE can have a high value because 

of inadequate equity capital. By splitting the ROE into components, this problem can be solved 

(Sinkey, 1992:271). Increasing financial leverage means that the firm uses more debt financing 

relative to equity financing. A higher proportion of debt in the firm's capital structure leads to 

higher ROE. Increased debt will make a positive contribution to a firm's ROE only if the firms 

ROA exceed the interest rate on the debt (Anon., 2006b: 1). Sinkey (1992:271) divided ROE in 

the following three components: 

t ~bJnt ltsif*s\w\n \ f C/if//5C l r Tn+nl Awn + v 

ROE = Net _ Income 
Sales \ 

x 
Sales | 

Total Assets x 
Total _ Assets 

Average _ Equity 
(2.3) 

The equity multiplier (EM) equals total assets divided by total equity. EM represents a risk 

measure, because it reflects how many assets can go into default before a bank becomes 

insolvent (Koch & MacDonald, 2003:113). 
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ROE = ROAxEM (2.4) 

According to Koch and MacDonald (2003:114), the du Font analysis can also be modified as 

follows: 

J K M - - ^ - ™ - - ^ - ^ (2.5) 
aTA aTA aTA aTA 

thus: 

ROA = AU-ER-TAX (2.6) 

where: 

Nl = Net Income 

TR = Total Revenue 

EXP = Total operating expenses 

aTA = Average Total Assets 

AU = Total revenue divided by aTA 

ER = Total operating expenses divided by aTA 

TAX = Applicable income taxes divided by aTA 

TR consists of the net sales plus the sum of interest income, non-interest income and securities 

gains and losses. EXP equals the sum of interest expense, non-interest expense and provisions 

for loan and lease losses (Koch & MacDonald, 2003:114). ER represents the expense ratio, 

which indicates the efficiency of a bank to control expenses. AU represents asset utilization, 

which indicates the bank's ability to generate revenues (Sinkey, 1992:271). 

The drawback of accounting ROE and ROA measures are that they do not include any risk 

adjustments (Bessis, 2005:10). They can vary substantially and will be highly dependent on the 
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industry, this is why it is best to compare them against ROE and ROA values of a similar 

company (Anon., 2006a: 1). The concept of risk-adjusted performance measures was developed 

because of the drawback of ROE and ROA and is the reason for moving to 'economic values', 

'mark-to-market' or 'mark-to-model' values, because these are both risk- and revenue-adjusted 

(Bessis, 2005:10). ROA and ROE, that is traditional profitability measures, are beset with 

problems of allocating assets, equity and net income when applied at branch level (Smith & 

Schweikart, 1992:54). 

2.5.1.3. Other profitability measurements 

• Net interest margin (NIM): It is a summary measure of the net interest return on 

income-producing assets (Koch & MacDonald, 2003:117): 

Net _ Interest _ income 
Average _ earnings _ assets 

• Spread: It is a measure of the rate spread or funding differential (Koch & MacDonald, 

2003:117): 

/ J + , T \ 

Spread(SPRD) = Interest Income 
Average _ earnings _ assets 

f r „ , , cv.„ A Interest _ Expense 
j y Average _ Interestbearing _ liabilties j 

..(2.8) 

NIM and spread evaluates a bank's ability to manage interest rate risk (Koch & MacDonald, 

2003:117). 

• The burden ratio: It measures the amount of non-interest expense covered by fees, 

service charges, securities gains and other income as a fraction of average total assets 

(Koch & MacDonald, 2003:117): 
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„ , ,. [Nonlnterest Expense - Nonlnterest Income) 
Burden ratio = ^ = — - = '- (2.9) 

Average _ Total _ Assets 

• The efficiency ratio: It measures a bank's ability to control non-interest expense 

relative to adjusted operating income (Koch & MacDonald, 2003:117): 

^rr. . . Nonlnterest Expense 
Efficiency _ ratio = =— (2.10) 

Net Interest Income + Nonlnterest Income 

Using profitability based ratios as the sole indices of branch performance will provide the 

decision maker with inadequate information (Eccles, 1991:132). Davenport and Sherman 

(1987:36) also stated that by concentrating on branch profit as a measure of performance can 

lead to equitable ways to allocate revenues and expenses. 

2.5.2. Other financial measurements 

2.5.2.1. Liquidity ratios 

• Liquidity ratios refer to an organization's ability to meet obligations and if necessary, 

quickly convert assets into cash. Liquidity ratios contain the following ratios (Dennis, 

2006:62): 

• The current ratio that is equal to current assets divided by current liabilities. It is the 

standard measure of an organization's financial health. It also indicates if a customer is 

able to meet its current obligations. 

• The quick ratio that is equal to current assets (less inventories) divided by current 

liabilities (Dennis, 2006:62). 

2.5.2.2. Leverage ratios 

Leverage ratios measure the contribution of stockholders and creditors and indicates to what 

extent the organization is reliant on debt financing. It also shows to what extent debt is used in 
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an organization's capital structure. Leverage ratios contain the following ratios (Dennis, 

2006:62): 

• The debt to equity ratio, which is equal to total liabilities divided by total equity. This 

ratio indicates the relationship between debt and the organization's capital (equity). 

• The interest coverage ratio, which refers to earnings, before interest, taxes, 

depreciation and amortization, divided by interest expense. This ratio indicates the 

portion of debt interest covered by cash flow (Dennis, 2006:62). 

2.5.2.3. Profitability ratios 

Profitability ratios refer to the organization's ability to generate revenue, while encountering the 

cost of production. Profitability ratios contain the following ratios (Dennis, 2006:62): 

• The gross profit margin that equals gross profit divided by total sales, where gross 

profit equals net sales minus cost of goods sold. This ratio indicates how efficient the 

use of materials and labour are in the production process. It also shows the percentage 

of net sales remaining after accounting for the cost of goods sold. 

• The return on sales, which is net profit (net income after tax) divided by sales. This 

ratio indicates aftertax profit to sales (Dennis, 2006:62). 

2.5.2.4. Efficiency ratios 

Efficiency ratios measure the use of assets to generate sales and profits. Efficiency ratios 

contain the following ratios (Dennis, 2006:62): 

• The payables turnover ratio, which is cost of sales divided by trade payables. This 

ratio indicates how quickly an organization can pay its bills. 

• The inventory turnover ratio, which is cost of goods sold divided by average inventory. 

• The asset turnover ratio, which is net sales divided by average total assets. This 

measure indicates how efficiently a firm utilizes its assets. A high ratio implies that the 

firm is using its assets efficiently to generate profits (Dennis, 2006:62). 

• The account turnover ratio, which is total net sales divided by accounts receivable. 

The higher the ratio the faster the organization is collecting its receivables. 

25 



CHAPTER 2 
BANK PERFORMANCE EVALUATION 

• The account receivable collection period, which is 365 days divided by the account 

receivable turnover. This ratio indicates how many days are needed to collect all the 

accounts receivable. 

• Days payable ratio, which is the cost of goods sold divided by the accounts receivable 

turnover. This ratio shows how many days it takes to pay the accounts payable. 

• Days inventory ratio, which is 365 days divided by the inventory turnover. This ratio 

identifies the average length of time, in days, it takes the inventory to turn over (Anon., 

2007:4-5). 

• Sales to net worth ratio, which is the total sales divided by net worth. This ratio 

indicates how many sales in dollars are generated with each dollar of investment. 

• Sales to total assets ratio, which is the total sales divided by the total assets. This ratio 

indicates how efficiently the organization generates sales on each dollar of assets. 

• Debt coverage ratio, which is the net profit plus any non-cash expenses divided by the 

principal on debt. This ratio indicates the organization's ability to satisfy its debt 

obligations and its ability to take on more debt (Anon., 2007:5-6). 

O'Donnell and Van der Westhuizen (2002:485-486) stated that the following ratios can also be 

used to measure bank performance: the ratio of bad debts to assets; the ratio of staff costs to 

assets plus liabilities; total costs per employee; the ratio of non-interest income to interest 

income; liquidity and credit risk associated with loan portfolio ratios; rates in deposit growth; net 

interest income (Nil) and net interest margin (NIM). 

Several other financial ratios have also been used to detect the possibility of a financial crisis in 

bank companies. The popular ratios include: 

Net Worth 
Total Assets 
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Total __ Operating _ Income 
Total _ Assets 

Net Income 
• = 

Total __ Assets 

Current Assets 
• = 

Current _ Liabilities 

A problem with these ratios is that a bank may perform differently in different ratios (Kao & Liu, 

2004:2355-2356). Beaver et al. (1970:660-661) stated that the following ratios should be 

considered in measuring bank performance: 

• Dividend payout. Sometimes it is stated that firms with low payout ratios, like cash 

dividends available for common stockholders, are more risky. 

• Growth, which can be defined as the growth in total assets, where the growth rate can 

be the result of one or all of the following: 

o When the expected earnings rate on new asset acquisitions is greater than the 

cost of capital. 

o When the ex post rate of return exceeds the expected return for several periods. 

o When a higher than average proportion of earnings is the result of a payout 

policy. 

• Leverage. The leverage ratio can be defined as the total senior securities plus the 

current liabilities divided by total assets. This ratio can be used as a measure of the risk 

induced by the capital structure. 

• Liquidity. It is argued that current assets have a less volatile return than non-current 

assets. 

• Asset size. Larger firms are less risky than smaller firms, in terms of default risk, 

because larger firms have a larger asset base. 
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• Variability in earnings. This measurement can be defined as the income available to 

common stockholders in relation to the market value of common stock outstanding. 

The Qatar Central Bank (2006:1-2) used some of the following ratios in their bank performance 

evaluations: 

• Capital adequacy 

Re gulatory _ Tier! _ Capital 
o 

Total _ Assets 
• Asset quality standards 

Non - Perfor min g __ Loans 
Total _ Loans 

Loans Provisions 
o = 

Total _ Loans 
• Profitability standards 

Net Profit 

• 

Average _ Shareholders' _ Equity 

Liquidity standards 

Liquid Assets 
o 

Total _ Assets 
Liquid _ Assets 

o 
Liquid _ Liabilities 

User standards 

Loans to Pr ivate __ Sector 
Pr ivate _ Sector _ Deposits 

Loans to Private Sector 

o 

o Total Loans 
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Domestic __ Credits 
(Total _ Deposits + Shareholders' _ Equity) 

• General ratios 

o Growth Rate of Total Assets 

o Growth Rate of Total Customers' Deposits 

o Growth Rate of Total Credit Facilities 

o Growth Rate of Financial Assets' Portfolio 

Since most other financial ratios in bank performance analysis require that at least one of these 

components is calculated, they will also suffer from similar problems (Avkiran, 1997:224). Clark 

(1997:25) stated that financial measures are backward-looking and do not reflect the long-term 

and future consequences of managerial actions. Using financial indicators as the sole measure 

for incentive purposes may encourage managerial focus on the short-term and may distort the 

decision making process (Kaplan & Norton, 1996a:75). 

The nature of financial ratios based on internal historical data means that they are of limited use 

for strategic decision making and planning. Ratios are not an effective means of representing 

the many facets of performance (Avkiran, 1997:224). Financial ratios used at the bank level are 

particularly difficult to generate at the branch level. The reason for this is due to problems 

associated with allocation of indirect variable and fixed costs, including capital revenues and 

expenses (Avkiran, 1997:224). Davenport and Sherman (1987:35) stated that: 'Ratios cannot 

capture the interplay among multiple resources and outputs'. Chelst et al. (1988:7) also stated 

that the traditional branch performance measures have the following disadvantages: 

• Different types of deposits are treated equally, ignoring varying profit margins. 

• Revenues from loans are ignored. 

• Branches with heavy transactions traffic but few new account openings are undervalued. 
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Avkiran (1997:225) stated that using only accounting ratios in analyzing performance have the 

following problems: 

• Accounting ratios give little indication as to the specific reasons for good or bad 

performance. 

• What types of decisions enabled the organization to achieve a good performance. 

In some cases the organization's decision makers can use non-financial measures to give them 

insight into the organization's operations. The next section will briefly discuss some non-

financial measures. 

2.6. Non-financial measures 

According to Kaplan and Norton (2001a:11) more companies have placed greater emphasis on 

the use of non-financial measures. These measures include customer satisfaction, innovation 

measures, on-time delivery, market share, product/service quality and productivity. The use of 

non-financial measures has increased the track performance of organizations in the past 

(Kaplan & Norton, 2001a:4-7). The following reasons are given for the increased use of non-

financial measures: 

• Non-financial measures are believed to be better indicators of managerial effort 

(Johnson etal., 1995:705). 

• Non-financial measures are better predictors of long-term performance and help 

managers on their long-term decisions and actions (Johnson & Kaplan, 1987:259). 

• Non-financial measures deal with causes and not with effects (Johnson & Kaplan, 

1987:256-257). 

• Non-financial measures are also an important source of information on firm failure 

(Kaplan & Norton, 1996a:85). 
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• Non-financial measures are less prone to manipulation (Singleton-Green, 1993:52). 

• Non-financial measures can be used to measure the changing technological 

environment and the key leverage capabilities in order to achieve the necessary 

competitive advantages (Eccles, 1991:133-134). 

Berry et al. (2005:93-94) stated that no one single measure provides consistent evidence of the 

correlation between all stakeholders' satisfaction and firm performance. By using multiple 

measures of performance, measuring both financial and non-financial measures, led to the 

development of the following approaches: 

• Benchmarking 

• Total Quality Management (TQM) 

• The European Foundation for Quality Management (EFQM) 

• The Balanced Scorecard (BSC) 

Only the BSC will be discussed in the following section, because according to Kaplan and 

Norton (1992:79) it is the most favourite and most common approach used. Kaplan and Norton 

(2001 a:3) also stated that the BSC has the ability to translate the organization's mission and 

strategy into a comprehensive set of performance measures. 

2.7. The Balanced Scorecard (BSC) 

The BSC adds operation components to the traditional financial measures (Kaplan & Norton, 

1992:71). The BSC enables management to link performance measures to their vision and 

strategy. It helps to channel the organization's resources, abilities and energy to achieve long-

term goals (Kaplan & Norton, 1996:55-56). The BSC also allows the organization to pinpoint its 

strategic objectives by using the following four pillars (Kaplan & Norton, 1992:72): 
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2.7.1. Financial perspective 

Financial measures have the ability to measure the economic consequences of actions already 

taken. The financial measures focus on profitability-related measures, such as ROE and return 

on sales (Kaplan & Norton, 1992:77). 

2.7.2. Customer perspective 

This measure includes overall indicators such as customer needs, the defect level of incoming 

and on-time delivery of required products and services (Kaplan & Norton, 1992:73). These 

measures can be calculated with the information gathered by customer surveys, repeated sales 

from customers and from customer profitability. The customer perspective is crucial, because it 

helps the organization to connect its internal processes to improved outcomes with its 

customers (Kaplan & Norton, 2001 b:93; 1996:58-61). 

2.7.3. Internal business process measures 

These measures are based on the objective of most efficiently produced products and services 

that meet customer needs. For example, conversion rate, on-time delivery from suppliers, cost 

of non-conformance and lead-time reduction (Kaplan & Norton, 1996:62-63). 

2.7.4. Learning and growth measures 

This pillar is all about developing the capabilities and processes needed for the future. This can 

include the speed of transactions or the number of people involved in a transaction (Kaplan & 

Norton, 1996a:84-85). 

Chang and Chow (1999:395,410) stated that the BSC is most effective when used to drive 

organizational change and used in focusing on continuous improvement efforts. However, the 

BSC has some of the following limitations: 
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• BSC will be useless if the included non-financial measures are not linked to the firm's 

strategic objectives (Kaplan & Norton, 1996:55-56, 77). 

• The BSC is weak if too many performance indicators are included (Gering & Rosmarin, 

2002:18-19). 

• The BSC is ineffective if it becomes a balanced brainstorm or a grab-bag of ideas to 

satisfy each strategic objective (Gering & Venkatraman, 2000:17). 

• The BSC also fails when it focuses on trying to balance stakeholder conflict or when it 

acts as a management scorecard (Gering & Mhtambo, 2000:19). 

• BSC does not take into account competitor actions, developments in technology, 

unexpected events and fails to establish a basis of continuous improvements (Norreklit, 

2000:78). 

Gering and Rosmarin (2002:19) however stated that some of these limitations can be overcome 

by following some of these recommendations: 

• To use BSC as a centralized control. 

• Do not try and balance the scorecard with financial and non-financial measures. 

• Do not use the BSC as a direct incentive system. 

• Allow middle management to participate and contribute in selecting the appropriate 

technology with appropriate cost. 

The problem in bank branches is to construct the balance sheets. The reason is that it is difficult 

to determine the amount of equity that must be assigned to each branch (Koch & MacDonald, 

2003:175). Banks either did not allocate capital or allocated it on an undifferentiated basis 

according to the amount of assets employed, until the 1980s (Kimball, 1997:30). This led to the 

allocation of capital on a risk-adjusted basis and was the result of regulatory initiatives. The 
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failure to allocate capital based on the amount of risk involved can lead to serious performance 

measurement errors (Kimball, 1997:30). The expected proftit of each branch depends on the 

branch's preference towards risk, in other words, profit depends on risk (Pindyck & Rubinfeld, 

2005:159-161). The drawback of accounting ROE and ROA measures are that they do not 

include any risk adjustments (Bessis, 2005:10). 

In the next section (section 2.8) risk in bank performance evaluation is discussed, followed by 

the meaning of risk-adjusted measures, (section 2.9). 

2.8. Risk-adjusted measures 

Beaver et al. (1970:679) established the association between accounting-determined and 

market-determined measures of risk. A relationship was found between the measure of market-

determined risk and accounting risk measures, for example, dividend payout and financial 

leverage. Louge and Merville (1972:38-44) investigated the relationship between the measure 

of market-determined risk and nine-book-value-based financial ratios. They found that only 

return on assets, asset size and financial leverage was statistically significant and explained the 

variability in systematic risk. Gonedes (1973:435-436) found evidence on the relationship 

between the information content of accounting income and market-determined risk measures. It 

suggested that accounting income did reflect a statistically significant amount of information 

imbedded in market prices of securities. Jahankhani and Lynge (1980:169,172-175) studied the 

association between market-determined and accounting-determined measures of risk in the 

banking industry. Total risk as the dependent variable and seven other variables were used. 

These variables included dividend payout, variation of earnings per share, loan to deposit ratio, 

loan loss experience and liquidity ratio. By using total risk as the dependent variable all 

accounting risk measures except loan to deposits ratio were statistically significant. 
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Mansur et al. (1993:1505-1506) used the following financial ratios, which are explained as 

follows: 

• Stockholders' equity to total deposits ratio indirectly measures the effect of leverage 

on systematic and total risk. 

• Total loans to total deposits ratio, which is positively related to both systematic and 

total risk. 

• Net income to total assets ratio measures the bank's accrual income which reports 

all the managerial decisions and market events on the bank's profits. 

• Total loans to total assets ratio, which is positively related to systematic and total risk. 

• Total loan loss reserve to total loans ratio, which is positively related to both 

measures of risk. 

• Cash and due from banks to total assets ratio, which measures the liquidity position 

of a bank. 

• Coefficient of variation of deposits, which is positively related to market-determined 

risk. 

Mansur et al. (1993:1506-1508) failed to explain the variability of market-determined risk and 

stated that the association between accounting- and market-determined risk measures have 

weakened over time. 

Sinkey (1992:268-270) examined financial statements in an effort to analyze returns and risk. 

The main ratios reviewed were ROE, ROA, equity multiplier (EM), interest sensitivity ratios, 

liquidity ratios and the equity capital ratio. Managerial decisions are occupied with the balancing 

of returns against risk in reaching desired outcomes. To measure bank performance return and 

risk dimensions should therefore be examined (Avkiran, 2006:280). Returns can be measured 

by the ROE ratio, which can be decomposed into the equity multiplier (EM) and ROA. EM is the 
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ratio of average assets to average equity (Avkiran, 2006:280). Sinkey (1992:269-270, 2002:130) 

also decomposed ROA into controllable factors and non-controllable environmental factors that 

can influence risk and return, (Figure 2.3). The uncontrollable factors can be represented by the 

supply and demand conditions banks face. The controllable factors include business mix, 

income production, loan quality, expense control, tax management and the timing of maturities 

through asset-liability management (Sinkey, 1992:270). 

Figure 2.3: Framework of risk-return bank performance 

Overall Bank Performance 

Return to Equity 
(ROE) 

Return to Assets 
(ROA) 

/ N 

Controllable Factors 

1. Business Mix 
2. Income Production 
3. Loan Quality 
4. Expense Control 
5. Tax Management 

X 

7~^ 
Risk (Variability of 

ROE) 

Equity Multiplier of 
Leverage (EM) 

Non-controllable 
Environmental Factors 

1. Inflation 
2. Regulation 
3. Substitutes, and so on 

Source: Avkiran (2006:280). 

2.9. The meaning of risk-adjusted measures 

Risk-adjusted measures help financial managers to determine which lines of business are 

profitable, by comparing the risk-adjusted return against a measure of cost of capital (Geyfman, 

2006:1). These measures are guidelines for performance evaluation, efficient asset allocation 

and capital structure decisions in multidivisional financial institutions. Risk-adjusted measures 

are however difficult to construct, because of the lack of precise information on the profitability 

and risk of branches (Geyfman, 2006:4). The bank management's goal is to maximize risk-
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adjusted profitability to the bank capital constraint. In other words, which branch generates the 

highest risk-adjusted returns so that more of bank resources can be allocated to that branch 

(Geyfman, 2006:1). 

According to Geyfman (2006:7) the stand-alone approach and the portfolio approach can be 

used to measure risk-adjusted performance. Matten (2000:149-150), Landskroner et al. 

(2005:31) and Bodie et al. (2005:867-868) stated that the stand-alone risk-adjusted return on 

each activity / is based on total economic capital or Value at Risk (VaR). According to Geyfman 

(2006:8-9) this measure is also called the Sharpe ratio or the reward to variability ratio (RVAR): 

NIt -NIn RVARt=—- f- (2.11) 

where : 

m.-m^jJ^m^-KjE^ (2.12) 

where: 

• NIt and <r; are the average earnings and the standard deviation of earnings from the 

activity /'. 

• Eit is the average equity investment in activity /', measured as the total equity capital 

from the call reports. 

• Rf is the risk-free rate of return on U.S. Treasury bills. 

• NIfi is the average earnings in the risk-free activity derived from activity /, defined as 

RfEtt and can be used as the opportunity cost of capital invested in /'. 
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According to Geyfman (2006:9) the problem with the stand-alone approach is that the 

assumption is made that all the risks can be hedged in the capital market, leaving no reason for 

risk management. Another problem with this approach is the lack of consideration with the 

effects of spread that arise in situations when the returns on the individual business activities 

are less than perfectly correlated (Geyfman, 2006:9). To incorporate the effect of this spread the 

portfolio approach is used and Geyfman (2006:10-11) used the reward to volatility (RVOL) or 

the Treynor ratio measure. According to Geyfman (2006:10) this can be measured by the 

excess return evaluated against the portfolio's internal systematic risk: 

therefore: 

RVOLt =— f- (2.13) 
IVaR, 

where: 

dVaRD cjt n IVaRi=—^*ol=^ = Pipop (2.14) 
dai ap 

where: 

• IVaR is the incremental Value at Risk, which is defined as the marginal effect on VaR of 

adding a new instrument or business unit to an existing portfolio. 

• TVaRi = PipVaRp, where the coefficient fijp is the systematic risk of asset /' in the 

portfolio p. 

The portfolio approach on the other hand provides a better way to determine the capital 

necessary to support different branches, thereby increasing capital allocation efficiency 

(Cumming & Hirtle, 2001:7). 
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As mentioned prevously, there are some problems associated with the allocation of equity 

capital to branches. One solution is to allocate equity on the same basis as bank regulatory 

requirements. However, regulatory guidelines assigned capital on the basis of asset category 

(Kimball, 1997:31). This bias is therefore in favour of businesses that are not asset intensive, for 

example branch banking and mortgage servicing. The regulatory guidelines assigned equity on 

the basis of exposure to credit and counterparty risk (Kimball, 1997:31). It ignores other risks 

such as market risk, operation risk, prepayment risk and business risk. However, the regulatory 

guidelines may not accurately reflect the equity capital the market would require for an 

investment containing similar risk (Kimball, 1997:31). For example, the regulatory guidelines 

assigned an 8% Tier 1 capital requirement to credit card assets. However, the market-based 

capital requirement for credit card portfolios is 11% (Nash & Sinkey 1997:93). 

Most banks introduced a single hurdle rate as the appropriate measure to compare business 

return on equity. However, the single hurdle rate discriminated against low-risk businesses 

where high-risk ones benefited (Kimball, 1997:32). This means that if resources and strategic 

decisions were to be based on the return on equity of the branch relative to the bankwide hurdle 

rates, the high-risk businesses would receive a disproportionate share of the resources 

(Kimball, 1997:32). It will be harmfull to the bank as the bank will shift to a higher proportion of 

high-risk businesses not earning returns comparable to those of their stand-alone peers. To 

conclude, branches varied in their amount of capital allocated, therefore a hurdle rate will be 

applied to these branches based on the perceived riskiness of each line of business (Kimball, 

1997:32). 

The use of risk-adjusted hurdle rates includes that the target return on equity for the whole bank 

is a weighted average of the risk-adjusted hurdle rates for each of the branches, where the 

weights are the dollar amounts of capital assigned to each branch (Kimball, 1997:32). This 

means that the hurdle rate of a high-risk business will be above the bank's overall return on 
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earnings (ROE) target, while the hurdle rate of a low-risk business will be below the overall 

target (Kimball, 1997:32). Banks tend to move away from high-risk business because higher-

risk businesses need greater capital allocations and higher hurdle rates, where the earnings 

required to meet their hurdle (ROE) are greater than those of a low-risk business (Kimball, 

1997:32). 

Another problem with risk-adjusted measures is to combine the risks of a multidivisional 

financial services provider (Geyfman, 2006:4). To address this problem banks started to use 

risk-adjusted performance measures (RAPM) and risk-adjusted return on capital (RAROC) 

(Koch & MacDonald, 2003:175). 

2.9.1. Risk-adjusted performance measures (RAPM) 

These RAPMs compare the risk-adjusted return against a hurdle rate, which reflects the bank's 

cost of capital or the opportunity cost to stockholders (Geyfman, 2006:7). It allows comparison 

of profitability on the same basis (Bessis, 2005:124). Landskroner et al. (2005:31-32) named 

four commonly used RAPM models. They are RORAA (return on risk-adjusted assets), RAROA 

(risk-adjusted return on assets), RORAC (return on risk-adjusted capital) and RAROC (risk-

adjusted return on capital). In some models the hurdle rate is defined as the ROE while in 

others the hurdle rate is defined as the risk-free rate. It can also be defined as the measure of 

the weighted-average cost of capital (Saunders & Allen, 2002:202). 

RAROC, as one of the risk-adjusted accounting profitability measures, is derived by dividing 

risk-adjusted income by the total amount of economic capital (Geyfman, 2006:7). Risk-adjusted 

income contains All-in Spread (AIS), which is all the interest revenues and fees into an 

annualized average. The earnings are then adjusted with the Expected Loss (EL) function of 

capital, to contain market risk (Bessis, 2005:671): 
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RAROC = i l (2.15) 
Economic _ Capital 

Economic capital refers to the entire capital portfolio. It also refers to the risk contribution of the 

sub-portfolio, RC(K). Economic capital can be measured as the potential loss of value over a 

period of time at a certain confidence level, or the Value at Risk (VaR). The reason is that 

absolute and marginal risk are included in the model (Bessis, 2005:671): 

O A r , ^ (AIS-EL) .„,„. 
RAROC=-i ;- (2.16) 

RC(K) 

The RAROC analysis assists in risk management and the evaluation of branch performance 

(Koch & MacDonald, 2003:181). RAROC nets the expected losses from accrued revenues and 

using a capital allocation system to divide them by the capital allocated to the transaction. The 

RAROC ratio must be above the hurdle rate, which represents a minimum profitability (Bessis, 

2005:110). The hurdle rate is the minimum risk-adjusted return on a transaction. The following 

benchmarks are needed to set the hurdle rate, namely the required return on capital and the 

mean return of the bank portfolio. The required return on capital indicates whether a particular 

transaction creates or destroys value (Bessis, 2005:672). The mean return of bank portfolio 

indicates whether a transaction of a sub-portfolio improves or deteriorates this average. Bessis 

(2005:671-672) stated that the fully analytical formula for RAROC is as follow: 

RAROC = / + — x(r-i-EL-oc) (2.17) 
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where: 

• A = Exposure 

• r = Asset all-in return 

• i = Cost of debt 

• oc = Operation costs 

• EL = Expected loss 

• RC(K) = K = Allocated capital 

Another risk-adjusted accounting profitability measure is the so called shareholders value added 

(SVA). SVA adjusts the revenues with the expected loss (EL), then with the operation costs (oc) 

and then with the cost of unexpected loss. This is the cost of the required risk-based capital that 

is equal to the hurdle rate (k%) (Bessis, 2005:110): 

SVA = Earnings -EL- k% x capital (2.18) 

According to Bessis (2005:110) the SVA nets the expected loss from revenues and the cost of 

the required capital. It is then valued with a price in line with the shareholder's required return. A 

positive SVA implies creation of value. A negative SVA implies the destruction of value, 

according to the standpoint of the bank's shareholders (Bessis, 2005:110). 

Geyfman (2006:21) stated that RAPM in banking leads to more efficient asset allocation and 

capital charges, which reflect banks' true risk exposures better. Geyfman (2006:21-22) stated 

that the risk-adjusted measures are different from the traditional stand-alone performance 

metrics. They are consistent with the allocation of capital derived from the optimal portfolio 

theory. The Bank Holding Companies (BHCs) can take advantage of potential gains from 
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diversification by allocating their resources to non-traditional banking activities (Geyfman, 

2006:22). 

2.9.2. The concept of Value at Risk (VaR) 

According to Koch and MacDonald (2003:182) and Jorion (1997:19) the VaR model seeks to 

measure the minimum loss or the worst loss over a given time horizon, at a given confidence 

level. To explain this concept the following example of a tradable instrument will be used. First, 

the constructing of buckets ranging from the lowest to the highest number must take place 

(Jorion, 1997:19), where historic returns on this instrument are placed in different buckets, 

ranging from the highest to the lowest return. Then, by counting how many observations fall into 

each bucket creates a probability distribution. Then for each return the probability of observing a 

lower return can be computed (Jorion, 1997:19). 

Suppose the market price (P) of equity today is $80 and the daily standard deviation (a) is $10, 

(Figure 2.4). Assume the trader is concerned with the value loss on a bad day that occurs, once 

every 100 days and the daily return are normally distributed around the current equity value of 

$80. In other words, the one bad day has a 1% probability of occurring tomorrow. The area 

under the normal distribution carries information about probabilities (Saunders & Allen, 

2002:84). For example, 98% of the observations lie between +2.33 and -2.33 standard 

deviations from the mean. There is a 1% chance that the value of the equity will increase to a 

value of $80 + 2.33a or above, and a 1% chance that it will fall to a value of $80 - 2.33a or 

below. With the assumed deviation of $10, there is a 1% chance that the value of the equity will 

fall to $56.70 or below, and a 99% probability that the equity holder will lose less than $80 -

$56.70 = $23.30 in value. The $23.30 can therefore be viewed as the VaR on the equity at the 

99% confidence level. Remember that there is also a 1% chance of losing $23.30 or more 

tomorrow, because the returns (asset values) are normally distributed (Saunders & Allen, 

2002:84-85). 
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Figure 2.4: Example of the concept of VaR 

P = $80 

P = $56.70 

1 Day 
{To morrow) 

Source: Saunders & Allen (2002:85). 

As mentioned earlier, VaR can be used as a performance evaluation tool (Jorion, 1997:285). 

The risk-adjusted profits can be measured by using one of the following two measures. The 

Sharpe ratio, which measures the ratio of average return to the total volatility of returns (Jorion, 

1997:287). If the organization has two trading desks, a bond and future desk, it will be more 

appropriate to apply VaR separately to each unit, especially if the future desk would go short 

and the bond desk long. This will give the organization the ability to overstate their combined 

risk. This is where the second measure fits in, called the Treynor ratio. This ratio measures the 

average return to the trader's total profits (Jorion, 1997:288). 

2.9.3. Economic Value Added 

The drawback of accounting ROE and ROA measures is that they do not include any risk 

adjustment (see section 2.5.1.2). Traditional performance measurement does not consider the 
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cost of investment capital to generate profit (Kyriazis & Anastassis, 2007:72). ROA and ROE 

are criticized because they provide no information about how a bank's management is adding to 

shareholder value (Koch & MacDonald, 2003:185). If the objective of the firm is to maximize 

stockholders' wealth these measures do not indicate whether stockholders' wealth has 

increased over time. That is where the concept of market value added (MVA) and economic 

value added (EVA) were developed, attempting to link performance to shareholder wealth 

creation (Koch & MacDonald, 2003:170). 

MVA measures a firm's value as the present value of all future cash flows. This is equal to the 

sum of invested capital and the present value of future economic profit. 'MVA represent the 

increment to market value and is determined by the present value of current and expected 

economic profit' (Koch & MacDonald, 2003:186): 

MVA = Market Value at Capital - Historic Amount of Invested Capital (2.19) 

In practice MVA is difficult to measure, because market values can change for reasons 

unrelated to operating performance. Applying MVA to lines of business is also difficult with the 

absence of available market values or share prices (Koch & MacDonald, 2003:186). 

According to Pratt (2002:229) EVA can be calculated as follows: 

EVA = Net Operating Profit After Tax (NOPAT) - Capital Charge (2.20) 

The capital charge is the required rate to compensate all the shareholders, debt holders and 

investors of the firm for the investment risk (Pratt, 2002:229). Performance measurement gains 

a new meaning under the EVA approach (Kyriazis & Anastassis, 2007:72). EVA is a better 

performance measure to enhance shareholder value. It recognizes the revenues needed to 
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cover expenses, return to stockholders and interest payments on debt (Koch & MacDonald, 

2003:186). The EVA can lead to decentralized decision making (Kyriazis & Anastassis, 

2007:72). 

Pratt (2002:230) stated that EVA can increase shareholders' value in the following ways: 

• Increasing the return derived from assets, by running the income statement more 

efficiently, without additional capital investment on the balance sheet. 

• Continuously investing and building the business as long as the return earned exceeded 

the cost of new capital. 

• Decreasing sub-standard returns by turning working capital faster, selling assets worth 

more to others and increasing the speed of consolidating operations. 

Koch and MacDonald (2003:186) stated that the following three problems are encountered 

when calculating EVA: 

• When measuring the EVA of the entire bank it is often difficult to obtain the measure of 

the organization's cost of capital. The reason is that there are many models to estimate 

the cost of capital, each producing different estimates, for example, the capital asset 

pricing model (CAPM) and the dividend growth model. 

• The amount of bank capital includes various items like deferred tax credits, loan loss 

reserves, stockholders' equity and non-recurring items. 

• Net Operating Profit After Tax (NOPAT) lacks the ability to reflect operating profit of the 

current economics of the organization. The traditional GAAP-based accounting data 

must be modified to obtain economic profit estimates. 
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Progress has been made in measuring performance on a risk-adjusted basis for both the 

branches and the organization as a whole. However, there are still several important issues that 

remained unsettled (Kimball, 1997:35). The following sections will discuss the factors 

influencing bank performance evaluation and the unresolved problems. 

2.10. Factors influencing bank performance evaluation 

Landy and Zedeck (1983:1) stated that certain factors like unreliability, bias in instruments, 

changing definitions of success, bias in evaluators and the role of capitalism can cause 

problems during performance measurement. The following factors that may influence bank 

performance evaluation are discussed: 

2.10.1. Lack of understanding 

Goodman and Fichman (1983:71) stated that one critical problem in performance measurement 

is the understanding of the great variation in performance indicators. Uncontrollable factors, 

such as environmental changes, and controllable factors, such as role arrangement in the 

organization, may cause variation in performance (Goodman & Fichman, 1983:71). 

2.10.2. Communication 

McCormick and llgen (1980:38) stated that performance measurement will be more effective if 

more useful and valid information would be provided. It will assess the outcomes of evaluation 

guidance and motivation (Steers & Lee, 1983:77). 

2.10.3. Commitment 

The use of performance evaluation will decrease as the level of commitment in the organization 

increases (Cumming, 1983:91). 
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2.10.4. Participation 

Increased employee participation in the design and implementation of performance evaluation 

can lead to increased effectiveness (Steers & Lee, 1983:78). 

2.10.5. Trust 

Cumming (1983:89) stated that if the trust in the organization increases the use of performance 

evaluation will also increase, therefore improving the planning and development purposes. 

2.10.6. Managerial support 

A lack of support by top management can decrease the demand for performance evaluation in 

the organization (Steers & Lee, 1983:78). 

2.10.7. Social psychological factors 

O'Leary and Hansen (1983:213) stated that the following social psychological factor can lead to 

biased performance evaluation, namely, the lack of self-fulfilling prophecies by the organization 

to use external resources to measure and improve performance. Another factor is the wrong 

perception towards the performance evaluator's abilities or towards characteristics such as the 

sex or race of the performance evaluator (O'Leary & Hansen, 1983:213). 

2.11. The unresolved problems of bank performance evaluation 

Staw (1983:37) stated that one of the problems with performance evaluation is the trade-off 

between efficiency and effectiveness. Efficient operations need short-term measures of 

performance to ensure that one stays on track. Effectiveness includes the entire organization, 

analyzing the organization regularly, giving guidance to future operations (Staw, 1983:37). The 

following unresolved problems were found: 
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2.11.1. The 'adding up' problem of bank capital 

In some cases the individual allocations of capital can reach a higher level than the 

organization's capital. This difference between the individual allocations and actual orgainzation 

capital is called the 'adding up' problem (Kimball, 1997:35). By looking at the bank as a portfolio 

of businesses, the risk of the businesses will be imperfectly correlated. The entire required 

capital therefore will be less than the sum of the capital allocated to the branches. The required 

capital is reduced because of diversification across multiple lines of businesses (Kimball, 

1997:35). 

2.11.2. The differences between market-based capital allocation and actual capital 

Downward pressure will be put onto the reported ROE of each branch if the capital allocated to 

the branches exceed the capital of the organization (Kimball, 1997:35-36). A branch can also 

leave the market in cases where its ROE is insufficient. This problem can be overcome by using 

a stand-alone, market-based method to allocate the capital to each branch and to adjust the 

capital allocations to reflect the actual capital of the organization (Kimball, 1997:36). 

It is also important to distinguish between the amount of risk capital required and the marginal 

risk capital required (Kimball, 1997:36). To calculate the amount of marginal risk capital required 

the following two steps should be followed. During the first step the risk capital is computed 

without the branches and during the second step the risk capital is calculated by adding the 

branches. Marginal risk capital can be used to indicate the cost of the bank's shareholders and 

to make marginal investment decisions (Kimball, 1997:36). 

The sum of the risk capital needed calculated by the stand-alone approach will be greater than 

the risk capital needed for the organization, with its imperfectly correlated branches. It is also 

greater than the aggregated marginal risk capital needed for each branch (Kimball, 1997:36). 

The bank will allocate all the capital to the branch if its ROE is lower than the marginal risk 
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capital allocated. The exit of markets will exceed the entry of new ones, with the use of marginal 

capital. The exit of markets will reduce the risk capital by an amount less than the capital 

allocated to the branches (Kimball, 1997:36-37). 

To continue allocating capital based on marginal risk capital will lead to higher ROE for each 

branch and lesser exits of markets and more enteries to new ones (Kimball, 1997:37). The use 

of the marginal capital allocation approach will therefore help the ROE of each branch to match 

or exceed the hurdle rate, whereas the organization will fall short of the hurdle rate (Kimball, 

1997:37). 

The lack of historical data on branches' ROE makes it difficult to calculate covariances across 

branches causing no widely accepted solution for these problems (Kimball, 1997:37). 

2.11.3. Valuing product and customer relationships 

Customer profitability based on the difference between revenues and expenses are difficult to 

measure. The reason is because of multiyear lives and the positive and negative cash flows 

being generated (Kimball, 1997:38). A 'snapshot' approach is therefore used to help predict the 

profitability. The value of customers are being misestimated, because many banks calculated 

customer profitability as the sum of a bundle of 'snapshots'. The importance of customer 

retention will be underestimated because of the overestimated customer profitability and by 

failing to include customer acquisition costs, where the need for new customers increased with 

the increase in marketing expenditures (Kimball, 1997:38-39). 

2.12. Summary 

Performance measurement is not an easy task because of the variety of performance indicators 

available. Financial ratio measures are not always appropriate to measure the bank's 

performance, because a bank may performe differently with different ratios. The ratios are also 
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not easy to interpret. It can be misleading if the product mix changes over time and in cross-

sectional analyses if the banks being compared have dissimilar product mixes. The drawback of 

accounting ROE and ROA measures is that they do not include any risk adjustment and this 

drawback is the origin of the concept of risk-adjusted performance measures. Financial 

measures are backward-looking and do not reflect the long-term and future consequences of 

managerial actions. 

Using financial indicators as the sole measure for incentive purposes may encourage 

managerial focus on the short-term and may distort the decision-making process. Ratios are not 

effective means of representing the many facets of performance. Ratios cannot capture the 

interplay among multiple resources and outputs. BSC also has its limitations. For example, it 

does not take into account competitor actions, developments in technology, especially not 

unexpected events and fails to establish a basis of continuous improvement. The required 

financial data are not always available or the required financial statements are impossible to 

obtain. There are other ways to overcome these limitations, which include the measuring of 

relative efficiency of banks. 

In the following chapters relative efficiency will be discussed as well as the different approaches 

available, which include Data Envelopment Analysis (DEA), Stochastic Frontier Analysis (SFA), 

the thick frontier and the Multilateral Total Factor Productivity (MTFP) indexes (also called the 

Malmquist Total Factor Productivity indexes). DEA was used in this study because of its 

flexibility and its ability to address quantitative and qualitative data, discretionary and non-

discretionary inputs. 
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Chapter 3: Bank Efficiency 

3.1. Introduction 

In the previous chapter it was stated that financial measures are not appropriate measures of 

performance evaluation for the following reasons. The bank may perform differently with each 

ratio used, ratios are not easy to interpret and can be misleading with the change of product 

mixes. Financial measures do not include risk adjustments; they are backward-looking and have 

a short-term focus. To overcome these shortfalls, other techniques must be adopted. In this 

chapter the necessary steps that must be followed to overcome these limitations associated 

with financial measures will be discussed. The meaning of efficiency will be discussed in section 

3.3; the components of efficiency, namely, scale efficiency (section 3.3.1), scope efficiency 

(section 3.3.2) and X-efficiency in section 3.3.3. Cost efficiency (section 3.3.4), profit efficiency 

(section 3.3.5), alternative profit efficiency (section 3.3.6) and the risk component of efficiency 

will be discussed in section 3.3.7. The process of measuring bank efficiency will be discussed in 

section 3.4 and the limitations of efficiency measurement will be discussed in section 3.5. 

3.2. Background 

Previous developments such as market deregulation, credit expansion, securitization, financial 

instability, intemationalisation and the growing importance of banks as financial service 

providers encouraged banks to sharpen their focus on improving their activities (Colwell & 

Davis, 1992:3). Customers have turned to commercial paper markets to access cheaper 

funding than loans and savers have turned to the mutual funds in order to get better rates. 

Banks will only remain dominant over competitors if they can produce outputs, like loans and 

deposits, more efficiently than competitors (Mester, 1994:3). Efficient banks will have the ability 

to offer more attractive deposit rates and loans to their customers, while inefficient banks will 

have to improve their efficiency otherwise they will be driven out of the market or will be 

acquired by other banks (Mester, 1994:3). Inefficient banks always appear to have lower levels 
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of equity/assets and higher levels of non-performing loans (Girardone et al., 2004:223). 

Inefficient banks cannot survive in the market (Mester, 1994:6). In the economic models of 

competitive markets, competitive forces drive such inefficient banks out of the market. Efficient 

banks are able to produce at a lower cost, attracting borrowers and depositors away from 

inefficient banks. The inefficient banks cannot match the lower prices without making a loss 

(Mester, 1994:6). However, the competitive pressures have not been strong enough. For 

example, the restriction of branching in other states in the 1980s made it easier for inefficient 

banks to survive (Calem & Mester, 1992:1327). The laws of taking over other banks made it 

less easy for efficient banks to gain control over less efficient banks. Customers found it also 

costly to switch banks, making it more difficult for efficient banks to attract customers with lower 

prices (Calem & Mester, 1992:1327-1329, 1333-1335). However, in the near future inefficient 

banks will find it less easy to survive as the entry barriers fall (Mester, 1994:5-6). 

According to Fama (1980:39-40) banks serve two key functions, namely, a transaction function 

and a portfolio function, and as a transaction function it serves as an accounting system of 

exchange for transferring wealth. As a portfolio function it makes loans, purchase securities and 

collect deposits. Modjgliani and Miller (1958:292-293) stated that in a competitive environment 

banks' portfolio activities need not to be externally regulated, because bank financing neither 

expands nor contracts the investment opportunity set. Fama (1980:45) stated that another 

argument is that the portfolio function is less important to bank management in a competitive 

environment. There are perfect substitutes for portfolio management activities in the form of 

other products and services. Fama (1980:46) therefore concluded that banks should focus their 

efforts on earning fees rather than managing their portfolio structures. Banks actively manage 

their assets and liabilities because they want to take advantage of market imperfections and 

enhance the efficiency of the transaction function (Fama, 1980:53-55). 
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3.3. What does efficiency mean? 

Gardner and Mills (1994:667) stated that the objective of performance evaluation and the 

information used depends on the perspective of the evaluator (see section 2.3). From the 

previous chapter (see section 2.3) Mester (2003:3) stated that company performance must be 

measured relative to an objective function. McDonell and Rubin (1991:56) also stated that: "The 

main purpose of performance measurement is to align the goals of individual employees and 

the bank as a whole." Mester (2003:3) stated that for a bank to achieve outstanding 

performance means that it must achieve in maximizing the shareholders' wealth, thus the 

market value of a firm's common stock (see section 2.3). Clark (1996:344) also stated that 

efficiency means that the bank maximizes the shareholders' wealth. 

Efficiency measurement is therefore one aspect of firm performance. It is measured with respect 

to an objective that can be measured with respect to the maximization of output, the 

maximization of profits or the minimization of costs (Mester, 2003:2). To measure efficiency the 

organization must be compared to a best practice organization, in other words, it must be 

benchmarked. The benchmark organization is according to the sample the most efficient 

organization (Yeh, 1996:980). Athanassopoulos (1998:174) stated that to make results 

comparable, homogeneous groups of Decision-making units (DMUs) must be established. 

When comparing one bank's efficiency to another, it means comparing each bank's cost of 

production to similar outputs (Mester, 1994:7). 

The maximization of shareholder wealth goes hand-in-hand with maximizing the total net 

present value of the bank. The bank should continue to undertake investment projects until the 

net present value (NPV) of the marginal investment project is equal to zero. The NPV of an 

investment project is equivalent to the discounted value of the economic rent produced by the 

project. Economic rent is defined as profit that exceeds the opportunity cost of capital (Clark, 

1996:345). Failing to choose the optimal combination of projects will lead to the failing of 
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minimizing production costs and the opportunity cost of capital. This will reduce economic rent 

and the shareholder wealth of the bank. This means that the economic cost must be minimized 

for shareholder wealth to be maximized (Clark, 1996:346). 

One needs to evaluate a bank's ability to use resources effectively in producing products and 

services (cost efficiency) and a bank's skills at generating income from these services (profit 

efficiency). That is why it is important to combine both cost efficiency estimates with profitability 

tests (Spong et al., 1995:5) that will result in a better view of the bank's overall efficiency 

measurement. When economists point to efficiency they focus on scale and scope efficiency. 

Scale economies, scope economies and X-efficiency are different aspects of performance 

(Mester, 2003:2). Scale and scope efficiency concerns a bank's choice of outputs and X-

efficiency measures a bank's use of inputs (Mester, 1994:3). 

3.3.1. Scale efficiency 

Scale efficiency determines if an organization is providing the most cost efficient level of outputs 

(Mester, 1994:3). Scale efficiency also refers to how the organization's operations in size are 

related to the organization's costs (Mester, 2003:2). For example, firms are demanding $200 

million of credit, which costs one bank $15 million to produce. It may be more efficient to supply 

the $200 million of credit if two banks each produce $100 million of the loans (Mester, 1994:3). 

A bank trying to produce the $200 million of loans will have a competitive disadvantage if 

another bank entered the market producing only $150 million of loans. The reason is that the 

second bank would be able to charge a lower interest rate. The reason for the lower interest 

rate is because the risk of default by the customer is lower, because the amount of credit is 

lower (Mester, 1994:4). 

According to Mester (1994:4) a bank operating at constant scale economies means that a 

proportionate increase in its outputs would lead to a less than proportionate increase in cost. 
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The bank could produce more efficiently by increasing its output level. A bank operating at scale 

diseconomies means a proportionate decrease in its outputs would lead to a more than 

proportionate decrease in costs (Mester, 1994:4). The bank could produce more efficiently by 

reducing its output level. For example, with increasing returns to scale the cost of the computers 

used for accounting can be spread over a larger number of accounts as the scale of operations 

increases, decreasing therefore the cost of production per unit (Mester, 1994:4). Another 

example is specialization, where larger firms may permit employees to specialize in one task, 

leading to more efficient production. Banks found that average cost stops declining at a certain 

output volume. For example, a certain production level can lead to insignificant fixed costs 

relative to the cost of producing additional units of output, indicating that the scale economies 

are exhausted (Mester, 1994:3-4). 

Not accounting for risk when specifying the production structure can lead to the obscuring of 

scale economies. The additional risk-taking is costly in terms of the higher risk premium that has 

to be paid to attract uninsured funding and the additional resources needed to manage the risk 

(Mester, 2003:7-8). 

3.3.2. Scope efficiency 

Scope efficiency determines if an organization is producing the most cost efficient combination 

of products. For example, commercial banks produce a variety of different loans, like student 

loans and residential mortgages, each having different characteristics and different default 

rates, which are not used to fund the same activities (Mester, 1994:4). In choosing the most 

cost efficient scale of operations the bank must choose the combination of products it will 

produce. The production cost per unit can be lower when a bank is producing all the products or 

it might be more efficient if the bank specializes. If the cost of producing a certain level of 

outputs is higher when a bank specializes compared to a scale of producing all the products, 

then the organization has scope economies. If the costs are lower when a bank specializes then 
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there are scope diseconomies in the organization (Mester, 1994:4-5). There is an 

interconnection between scale and scope economies. For example, it may take a more 

complicated management structure to produce different product lines which can result in higher 

production costs (Mester, 1991:4). 

3.3.3. X-efficiency 

X-efficiency determines if an organization is using its inputs, like capital and labour, in a cost 

effective way in order to produce its outputs as cheaply as possible (Mester, 1994:5). This 

means the organization is using the most effective production plan. Firms that exhibit X-

inefficiency are either using the wrong combination of inputs to produce outputs (allocative 

inefficiency), or wasting their inputs (technical inefficiency), or both (Mester, 2003:3). X-

efficiency can therefore be divided into two groups, namely, technical efficiency and allocative 

efficiency. The sum of allocative efficiency and technical efficiency provide an overall economic 

efficiency measure (Coelli et al., 1998:5). Thanassoulis (1999:4) stated that the efficiency of any 

firm in choosing the appropriate inputs consisted of two components, namely, production 

efficiency and intermediation efficiency, where production efficiency indicates technical 

efficiency and intermediation efficiency indicate technical and allocative efficiency. 

Intermediation efficiency also contains liquidity efficiency, which is measured at the bank level 

rather than branch level and reflects bank exposure to financial risk (Thanassoulis, 1999:4). 

3.3.3.1. Technical efficiency 

The organization is technically efficient when it delivers its output levels using the lowest levels 

of inputs (Farrell, 1957:254-255). Technical inefficiency refers to using proportionately too much 

of all inputs, for example, when a bank is using too many tellers and too many branches to 

produce its products (Mester, 1994:5). A bank operating in a technically inefficient manner is 

said to be operating within its production possibility frontier. The production possibility frontier 
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indicates the maximum amount of output that can be produced with a given amount of inputs 

(Mester, 1994:5). 

3.3.3.2. Allocative efficiency 

A unit is allocatively efficient if it delivers its output levels at minimum cost (Farrell, 1957:254-

255). To allocate inefficiently indicates that the organization is using the wrong combination of 

inputs to produce the given product mix given prevailing input prices. A bank that has allocative 

inefficiently may still be operating on its production possibility frontier (Mester, 1994:5). In other 

words, the organization is producing as much output as possible. However, the bank can still 

lower its costs of producing by selecting a different input mix (Mester, 1994:5). To determine the 

allocative efficiency of a branch helps management to see to what extent the branch can lower 

its resource levels and in the process lower their aggregated cost (Farrell, 1957:254-255). 

Allocative efficiency is also associated with market efficiency, which measures the extent to 

which the branch converts the potential in its environment into banking products sold 

(Thanassoulis, 1999:4). 

The firm can be allocatively inefficient by choosing the wrong mix of inputs. However, the firm 

can also be technically and allocatively efficient in production by choosing the wrong level of 

output in order to maximize profits (Mester, 2003:4). The source of X-inefficiency can be the 

inefficient manner in which the bank is run by the manager. It can also be caused by conflict 

between manager and shareholders, about the appropriate long-term goals for the bank 

(Mester, 1994:6). The shareholders might want to maximize its long-run profits through cost-

minimization, but the managers might think differently. For example, managers might want to 

increase its prestige within the banking community by increasing its staff. This can lead to the 

use of an inefficient combination of inputs (Mester, 2003:2-3). 
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Berger and Humphrey (1997:200) stated that both production efficiency and intermediation 

efficiency should be used in order to capture the dual role of the branch. Through these two 

approaches the following can be determined: The higher a branch's market efficiency the better 

it is at converting its resources into loans, deposits and other revenue-generating financial 

products. The higher the branch's production efficiency the lower the staff and other costs'. The 

combined effect of the two efficiencies determines the branch's profitability (Athanassopoulis & 

Thanassoulis 1995:22), (see Figure 3.1). 

Figure 3.1: The dual role of production efficiency and intermediation efficiency 
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Source: Thanassoulis (1999:6). 

To explain technical and allocative efficiency in more detail consider Figure 3.2. In Figure 3.2 

the two inputs (xi) and (x2) are utilized to produce a single output (y), under the assumption of 

constant returns to scale (Coelli et a/., 1998:134). Curve SS' is the unit isoquant, which indicate 

all possible relative input combinations that yield maximum outputs. Any point on this isoquant 

is technically efficient, where it is not possible to reduce the two inputs proportionately and still 

produce the same level of output. Firms Q and Q' are both technically efficient, while firm P is 

technically inefficient (Farrel, 1957:254). A firm that is operating at point P has technical 

efficiency, described by the ratio — , which is the proportional reduction in all inputs without 

any reduction in output. This ratio has a value that lies between zero (totally inefficient) and one 

(totally efficient) (Coelli etai, 1998:134-135). 
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Figure 3.2: Allocative efficiency and technical efficiency 
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Source: Farrell (1957:135) & Coelli etal. (1998:135). 

Line AA' is an isocost line that indicates all possible input combinations that have the same cost. 

The allocatively efficient point, that minimizes cost, is the tangent point between the isocost line 

AA' and the isoquant SS'. The optimal production point is at point Q'. The cost of inputs used at 

point Q' and point R is the same and is less than the cost of inputs used at points Q and P. 

Point Q is technically efficient, because it lies on the efficient isoquant (Coelli et ai, 1998:135; 

Farrell, 1957:135-136). Point Q is not on the isocost line and is therefore allocatively inefficient. 

OR 
Allocative efficiency at point P is the ratio — , where the distance RQ is the reduction in 

QQ 

production costs which would occur if production occurred at Q'. This ratio also has a value 

between zero and one. Economic efficiency is the sum of technical efficiency and allocative 

efficiency. Firm Q' is the only firm that is fully cost efficient (Coelli et ai, 1998:135-136; Farrel, 

1957: 136). 

The following sections will focus on the economic concepts of cost-minimization and profit-

maximization. These concepts are based on economic optimization, which is driven by 

competition and market prices (Mester, 2003:4). 
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3.3.4. Cost efficiency 

According to Mester (2003:5) cost efficiency measures how close a firm's cost is to a best-

practice firm's cost for producing the same output bundle under the same conditions. A cost 

function can be derived that has variable costs that depend on the environmental factors, prices 

of variable inputs, the quantities of variable outputs and any fixed inputs or outputs, random 

error and efficiency. The cost function can be given as follows (Mester, 2003:5): 

InC, =\nf(yt,wt,zt,ht) + ]nut +lnv, (3.1) 

where: 

• C, measures variable costs 

• yt is the vector of quantities of variable outputs 

• wi is the vector of prices of variable inputs 

• z, indicates the quantities of any fixed netputs (inputs or outputs, not capable of 

changing quickly) 

• ht is a set of environmental variables that may affect performance (for example, 

regulatory restrictions) 

• lnw, is an inefficiency factor that may raise costs above the best-practice level 

• lnv, is the random error or luck that may give temporary high or low costs 

The inefficiency factor (Inw;) includes both allocative inefficiencies and technical inefficiencies. 

Allocative inefficiencies result from failing to react to prices of inputs (w,) and technical 

inefficiencies result from employing too much input to produce (y). The function ( / ) indicates 

the functional form and represents the best-practice frontier (Mester, 2003:5). lnw, +lnv, is 
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treated as a composite error term, where lnv, is a two-sided error, because the random error 

can be positive or negative, lnw. is a positive one-sided error, because inefficiency means 

higher costs. Different X-efficiency measurement techniques identify the inefficiency term lnw, 

in different ways (Mester, 2003:5). 

Figure 3.3: Cost efficiency 
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Source: Mester (2003:30). 

Figure 3.3 indicates to what extent firm i is cost efficient relative to the best-practice frontier. The 

best-practice frontier refers to the best-practice observed in the industry and not the true 

minimum cost. Cost inefficiency is the proportion of costs or resources that are used inefficiently 

or are wasted (Mester, 2003:5). Cost efficiency therefore measures the percentage increase in 

cost of firm i. It is also adjusted for the random error, relative to the cost needed to produce the 
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output vector. Firm i is facing the same exogenous variables (w^y^z^h^ as the best-practice 

firm. Firm j indicates the fully efficient firm (Mester, 2003:5-6). Firm j's actual cost lies below the 

frontier due to the random error. When firm i is inefficient, the difference in bank i's cost and the 

frontier value at the same 'y' is due to both the random error and inefficiency (Mester, 2003:6). 

3.3.5. Standard profit efficiency 

The firm's goals should be a combination of minimizing the cost of production and the 

maximizing of profits. Standard profit efficiency measures the possibility of producing the 

maximum possible profit with certain input and output prices. In the standard profit function the 

variable output prices are assumed to be known (Mester, 2003: 6). This function also specifies 

variable profits. All the revenues that can be earned by different levels of outputs and inputs are 

taken into consideration by the standard profit function. Output prices are taken as exogenous, 

therefore inefficiencies are caused by the choice of outputs when responding to different prices 

(Mester, 2003:6). 

The profit function can be shown as follows (Mester, 2003:6): 

ln(rc + 0), =ln(/?,,w,,z,,/z,)-lnwra. + lnvra (3.2) 

where: 

• n is the variable profits of the firm 

• G is a constant added to every firm's profit to give the natural log a positive value 

• pt is the vector of prices of the variable outputs 

• w, is the vector of prices of variable inputs 
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• zi indicates the quantities of any fixed netputs (inputs or outputs, not capable of 

changing quickly) 

• ht is a set of environmental variables that may affect performance (for example, 

regulatory restrictions) 

• lnw^ is the inefficiency that reduces profits 

• lnvOT is the random error 

Standard profit inefficiency can be defined as that amount of profit that is not being earned, 

because the firm is not as efficient as the best-practice firm (Mester, 2003:6). The following 

example can be used to explain standard profit efficiency. A firm that spends $2 additional to 

raise revenues by $4, while everything else is constant, would be regarded as being more profit 

efficient, but can be regarded as being less cost efficient (Berger & Mester, 1997:900). Standard 

profit efficiency is a more comprehensive measure than cost efficiency, because it accounts for 

errors on the output and input side. A firm that is cost efficient at the current output may not be 

cost efficient at its optimal output. This means the firm must use different scales and a different 

mix of outputs in the future. Standard profit efficiency includes both revenue inefficiencies and 

this cost inefficiency (Berger & Mester, 1997:901). This discussion on cost efficiency and profit 

efficiency will continue in chapter 4, when Data Envelopment Analysis (DEA) will be discussed. 

3.3.6. Alternative profit efficiency 

This alternative approach to standard profit efficiency can be used when some of the underlying 

assumptions of cost and standard profit efficiency are not met. Alternative profit efficiency 

measures how close a bank comes to earning maximum profits given its output levels and not 

its output prices (Berger & Mester, 1997:901). The alternative profit function has the same 

dependent variable as the standard profit function and the same exogenous variables 
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(w,y,z,h) as the cost function. The variable output is held constant, as in the cost function. The 

output prices are allowed to vary to affect profits (Berger & Mester, 1997:901). 

The alternative profit efficiency function can be shown as follows (Berger & Mester, 1997:901): 

In{n + B) = f(w,y,z,h) + lnuaK + Inem (3.3) 

where; 

• n is the variable profit of the firm 

• 9 is a constant added to every firm's profit to give the natural log a positive value 

• y replaces the term p in the function, y is the vector of quantities of variable outputs 

• w is the vector of prices of variable inputs 

• z indicates the quantities of any fixed netputs (inputs or outputs, not capable of 

changing quickly) 

• h is a set of environmental variables that may affect performance (for example, 

regulatory restrictions) 

• lnwajr the inefficiency that reduces profits 

• In eajr is the random error 

The function ( / ) yields different values for the inefficiency term \nuan and for the random error 

term In em. If the cost efficiency and standard profit efficiency assumptions hold there is no 

reason to estimate alternative profit efficiency. Alternative profit efficiency can provide useful 

information when some of the following conditions hold (Berger & Mester, 1997:901-902): 

• When substantial unmeasured differences in the quality of banking services are present. 

65 



CHAPTER 3 
BANK EFFICIENCY 

• Outputs are not completely variable, thus a bank cannot achieve every output scale and 

product mix. 

• Output markets are not perfectly competitive, thus banks have some market power over 

the prices they charge. 

• Output prices are not accurately measured. They do not provide accurate guidelines to 

earn revenues and profits in the standard profit function. 

It was stated that not accounting for risk when specifying the production structure can lead to 

the obscuring of scale economies (see section 3.1.1). The additional risk-taking is costly in 

terms of the higher risk premium that has to be paid to attract uninsured funding and the 

additional resources needed to manage the risk (Mester, 2003:7-8). In the next section the risk 

component of efficiency will be discussed. 

3.3.7. The risk component of efficiency 

According to Mester (2003:7) there exists a trade-off between return and risk, where the risk is 

the choice variable of the firm. The bank may increase its scale of operations to reduce its 

exposure to both credit and liquidity risk through better diversification. However, better 

diversification can decrease the marginal cost of risk-taking and lead banks to take on more risk 

to earn a greater return. Ignoring risk when specifying the production structure can offset scale 

economies. When the organization's exposure to risk influences its production decisions, the 

cost and profit functions may calculate inaccurate efficiency estimates (Mester, 2003:7-8). The 

reason is that the organization does not take into consideration the disadvantage of suboptimal 

choices of risk and quality, which affect prices, (Mester, 2003:8). 

Measures of efficiency based on the expected return-risk trade-off were developed by Hughes 

et al. (2001:2195-2199). Predicted profit was fitted as a quadratic function of risk. Consider the 

following equation: 
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ERt = T0 + r ^ , +T2RK?+vi-ui (3.4) 

where: 

• ERt is the firm's predicted profit 

• RKt is the standard error of predicted profit divided by equity 

• v; is a two-sided error term that represents the random error 

• ui is a one-sided error term that represents inefficiency 

• r o , r i 5 r 2 represents the gamma coefficients of the quadratic function 

ER and RK can be used to derive market return efficiency measures, because ER and RK are 

related to the market value of equity (Mester, 2003:8). Different risk-return combinations can be 

considered by the bank. The bank with the risk-return combination closest to the efficient 

frontier is more efficient (Hughes et al., 2001:2197). 

Pastor (2002:895) stated that when analyzing bank performance it is important to consider other 

factors. In banking one of the most important factors is risk. In other words, it is desirable for a 

bank to be efficient but also to be secure. Berger and De Young (1997:853) found that there 

was a negative relationship between cost efficiency and risk in failed banks. The reasons for 

this negative relationship are as follows: 

• Inefficient banks may have problems controlling their internal costs or in the assessment 

of the credit risk. Berger and De Young (1997:852-853) called this situation the 'bad 

management hypothesis', where both bad management of costs and greater credit risk 

are simultaneously experienced. 
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• Bad loans may be caused by adverse economic circumstances beyond the banks' 

control. This may cause banks to spend more resources to recover from these bad 

loans. The credit risk developed here is called the 'bad luck hypothesis' (Berger & De 

Young, 1997:852). 

Berger and De Young (1997:853-854) also stated that there can be a positive relationship 

between credit risk and cost efficiency when banks decide not to spend resources on analyzing 

and monitoring loan applications. In other words, the bank has a trade-off between short-term 

operating cost and long-term loan performance problems (Berger & De Young, 1997:853). To 

maximize long-term profit the bank can use resources, which must be used for analyzing and 

monitoring loans, to accomplish short-term operating cost. This means that banks appear to be 

efficient but with the consequence of having a high level of bad loans. This situation is called the 

'skimping hypothesis' (Berger & De Young, 1997:853). Pastor (2002:897) stated that the 

evaluation of bank efficiency must be accompanied by the controlling of risk. Pastor (2002:897) 

continued stating that the best way of introducing credit risk into the model is by using 

provisions for loan losses, rather than loans, as the risk variable. Toevs and Zizka (1994:11-12) 

stated that a bank can reduce its production costs and improve its efficiency ratios by moving 

into higher-risk activities, for example, commercial real estate that has lower functional costs. 

Resti (1997:242) indicated that there is a relationship between cost efficiency and loan quality. 

This can include the 'bad luck hypothesis', where the loan quality problems may be caused by 

an exogenous event, for example, a recession that can lead to extra costs, causing the 

deterioration of cost-efficiency (Resti, 1997:243). The relationship between cost efficiency and 

loan quality can also include the 'skimping hypothesis'. The bank managers may decide to save 

on short-term monitoring costs that can lead to loan performance problems in the future (Berg et 

a/., 1992:S225). 
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Resti (1997:246-247) pointed out that there js also a direct relationship between productive 

efficiency and asset quality. In other words, a bank may be classified as inefficient even with 

fewer bad loans. The reason for this is that fewer bad loans lead to lower operating expenses. 

Using better analyzing and monitoring techniques for loan applications may, however, lead to 

higher costs. Better analyzing and monitoring techniques may not lead to lower credit risk, but 

by improving the loan quality banks will succeed in minimizing credit risk (Resti, 1997:246-247). 

The following section will now introduce the first steps that must be followed to measure bank 

efficiency. 

3.4. The measuring of bank efficiency 

Hartle (1997:65) stated that effective performance management has some of the following 

phases, namely, planning, managing and reviewing performance. These phases help the 

organization to analyze performance trends and to plan for the future (Hartle, 1997:66). Verma 

(1992:279) stated that performance measurement contributes to management control, where it 

evaluates whether results from planned actions were realized. According to Verma (1992:279) 

traditional measures of profit were no longer appropriate for the motivation of desired behaviour 

such as greater productivity and focus on customers. This resulted in the redesign of 

performance systems, taking new categories into consideration for measuring productivity, 

quality and customer satisfaction (Berliner & Brimson, 1988:62). Davenport and Sherman 

(1987:35) also stated that: 'Ratios cannot capture the interplay among multiple resources and 

outputs. BSC also has its limitations as mentioned in the previous chapter. For example, it does 

not take into account unexpected events and fails to establish a basis of continuous 

improvement (Norreklit, 2000:78). 

Kimball (1997:33) stated that banks began to build systems where they were able to calculate 

profitability by line of business. The problem however, is to provide enough information about 

the relationship between revenues and expenses (Kimball, 1997:32). To overcome this 

69 



CHAPTER 3 
BANK EFFICIENCY 

limitation relative efficiency measures are used. DEA, as a relative efficiency measure, is used 

in this paper because of its flexibility and its ability to address quantitative and qualitative data, 

as well as discretionary and non-discretionary inputs (Golany & Storbeck, 1999:15). 

As can be seen in section 3.4.1, limited agreement exists in the banking literature on defining 

bank inputs and bank outputs. The following section will discuss the different approaches 

available for defining bank inputs and bank outputs. 

3.4.1. Inputs and Outputs 

According to Mlima and Hjalmarsson (2002:12) a major problem with the estimation of efficiency 

is to define inputs and outputs in the banking industry. With the multi-product nature of a 

banking firm there is still no agreement as to the definition and measurement of banks' inputs 

and outputs. This means that each definition of input and output carries with it a particular set of 

banking concepts. This influences and limits the analysis of the production characteristics of the 

industry (Girardone etal., 2004:217). 

The role of deposits is a major issue in the banking literature and one line of reasoning is that 

deposits are an input to the production of loans (intermediation approach or asset approach). 

Another line of reasoning (value added approach or user cost approach) suggests that deposits 

are an output, involving the creation of value added and opportunity cost to the customer (Resti, 

1997:224). Berg et al. (1991:132) argued that deposits should be treated as an output because 

they represent a resource consuming activity. Berger et al. (1993:332) argued that deposits 

should be treated as an input in a model that takes account of interest paid on purchased funds. 

One of the problems in the selection of bank outputs has been due to the implicit pricing of bank 

services (Berger & Humphrey, 1992:252). For example, most deposits imply that interest is 

effectively paid at below-market rates and that revenues are earned on the compensating 
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deposit balances. Revenues can therefore become an unreliable indicator of service flows or 

outputs (Avkiran, 2006:284). The production approach addresses this problem by measuring 

outputs as the number of accounts or transactions. However, it is becoming more difficult to 

identify compensating deposit balances in an environment of competition (Avkiran, 2006:284). 

Colwell and Davis (1992:5) stated that it is difficult to measure outputs because most outputs 

are 'multi-products', when some services cannot be separated or priced individually, for 

example, the safekeeping and accounting services in a current account. 

This definitional problem of inputs and outputs make it virtually impossible to compare the 

results from different studies (Mlima & Hjalmarsson, 2002:12). Thanassoulis (1999:4) stated 

that efficiency of any firm consisted of two components, namely, production efficiency and 

intermediation efficiency (see section 3.3.3). Production efficiency and intermediation efficiency 

entails technical and allocative efficiency, the sum of which is economic efficiency. It is therefore 

important to choose the right combination of inputs and outputs to embrace both technical and 

allocative efficiency. Coelli et al. (1998:139) stated that Data Envelopment Analysis (DEA) 

measure profit efficiency along with a hyperbolic measure of technical efficiency. The difference 

between the two measures can then be interpreted as allocative efficiency. 

Berger and Humphrey (1997:200) stated that both approaches, the production approach and 

the intermediation approach, should be used in order to capture the dual role of the branch (see 

section 3.3.3). Through these two approaches the following can be determined: 'The higher a 

branch's market efficiency is the better the branch is at converting its resources into loans, 

deposits and other revenue-generating financial products. The higher the branch's production 

efficiency is the lower the staff and other costs'. It can be seen that the combined effect of the 

two efficiencies determines the branch's profitability (Athanassopoulis & Thanassoulis 1995:22). 
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However, Berg et al. (1991:134-135) found that efficiency scores are highly dependent on the 

choice of inputs and outputs. Efficiency scores are generated from the different relative 

efficiency measures, like Data Envelopment Analysis (DEA) and Stochastic Frontier Analysis 

(SFA), which will be discussed in chapter 4. 

The following approaches can be used to identify inputs and outputs: the intermediation 

approach, the asset approach, the production approach, the value-added approach and the 

user-cost approach or the profit approach. Each approach will be discussed in order to 

demonstrate the different definitions of inputs and outputs. A brief discussion of each approach 

will now follow. 

3.4.1.1. The production approach 

The production approach focuses on the bank's operating costs, in other words, the costs of 

labour and physical capital (Colwell & Davis, 1992:6). The objective of banks is to minimize the 

use of scarce resources that is used to provide various products and services or to maximize 

products and services utilizing a given level of resources. In other words, the purpose of this 

approach is to identify those resource inputs that are the key to producing the main outputs 

(Avkiran, 2006:285). The bank's outputs are measured by the number of each type of account 

per period, like mortgages and deposits. This approach allows the numbers of accounts and the 

average size of accounts to have different effects on costs (Colwell & Davis, 1992:7). 

This approach however, has some shortfalls. This approach lacks the ability to indicate the 

contribution that each service has as part of the total output. This approach also ignores interest 

costs, which contributes a great portion of a bank's total costs (Colwell & Davis, 1992:7). Towey 

(1974:58-59) introduced the production approach and regarded demand deposits as the main 

output of commercial banks. 
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Ferrier and Lovell (1990:237) identified the following inputs and outputs under the production 

approach: 

Inputs Outputs 
• Labour • Number of deposit accounts 

• Expenditures on materials (demand and time) 

• Occupancy costs and • Number of loans (real estate, 

expenditure on furniture and commercial and instalment) 

equipment 

3.4.1.2. The intermediation approach 

Sealey and Lindley (1977:1251-1253, 1255-1258) introduced the intermediation approach. The 

intermediation approach focuses on total costs, operating expenses and interest. Berger and 

Humphrey (1997:34) pointed out that the intermediation approach may be more appropriate for 

evaluating the entire financial institution, because this approach includes interest expense, 

which accounts for up to two-thirds of total costs. The intermediation approach may also be 

superior for evaluating frontier efficiency and is used because it views financial institutions as 

mediators between the supply of and the demand for funds (Molyneux et al., 1996:152; Mester, 

1996:1033-1034). Elyasiani and Mehdian (1990:543) stated that the intermediation approach is 

preferred to the production approach for the following reasons: 

• The intermediation approach is more inclusive with total banking costs, because it does 

not exclude interest expenses. Ignoring interest expenses can distort the empirical 

results, because it contributes a large portion of the bank's total costs. 

• Deposits are better categorized as inputs than as outputs. The reason is that banks buy 

deposits rather than sell them. Another reason is that deposits are used with other funds 

to make investments and loans. 

• The quality of data benefits the intermediation approach. 
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A criticism of the intermediation approach is that deposits are considered as inputs and interest 

on deposits as a component of total costs (Elyasiani & Mehdian, 1990:543). Avkiran (2006:286) 

stated that inputs can be represented by interest expense and non-interest expense, while 

outputs can be represented by interest income and non-interest income. This can be done in 

situations where disaggregated data are not available or variable parsimony is important in 

designing a discriminating DEA efficiency model with a small sample size' (Avkiran, 2006:286). 

Inputs and outputs can be selected with the help of a correlation analysis, favouring high 

correlation between inputs and outputs when building an efficiency model. However, to reduce 

redundancy low correlation within inputs (outputs) are needed (Avkiran, 2006:286). 

Favero and Papi (1995:390) suggested that the following inputs and outputs should be used 

under the intermediation approach: 

Inputs Outputs 
• Capital (book value of fixed 

assets and premises) 

• Loanable funds 

• Loans to other banks and non-

financial institutions 

• Investments in securities and 

bonds 

• Non-interest income 

• Current accounts and savings 

deposits 
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Kaparakis et al. (1994:884-885) identified the following inputs and outputs to be used under the 

intermediation approach: 

Inputs Outputs 
• Deposits • Loans 

• Debentures • Securities 

• Other liabilities • Deposits with other banks, except 

• Shareholders equity the central bank 

• Full-time equivalent number of • Non-interest income (proxy for 

employees fee-based products/services) 

• Physical capital 

• Other non-interest expenses 

According to Wheelock and Wilson (1995:693) the following should be used as inputs and 

outputs under the intermediation approach: 

Inputs Outputs 
• Interest-bearing deposits 

• Purchased funds 

• Number of employees 

• Premises and fixed assets 

• Loans to individuals, real estate 

loans, commercial and industrial 

loans 

• Federal funds sold, securities 

purchased under agreements to 

resell and total securities held in 

trading accounts 

According to Rangan et al. (1988:172) the following inputs and outputs may be used under the 

intermediation approach: 

Inputs Outputs 
• Labour 

• Capital 

• Purchased funds 

• Loans 

• Deposits (demand and time) 
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Yue (1992:36) used the intermediation approach where the following inputs and outputs were 

considered in evaluating a bank's performance: 

Inputs Outputs 
• Interest expenses • Interest income 

• Non-interest expenses • Non-interest income 

• Transaction deposits • Total loans 

• Non-transaction deposits 

Yue (1992:36) stated that interest income includes interest and fee income on loans, interest 

and dividend income on securities, income from lease-financing receivables and other income. 

Non-interest income includes income from fiduciary activities, service charges on deposit 

accounts and other non-interest income (Yue, 1992:36). Total loans consist of loan and leases 

net of unearned income. Interest expenses include sale of securities, expenses for federal funds 

and purchases, the interest on demand notes and other borrowed money. Non-interest 

expenses include taxes, salaries expenses associated with premises and fixed assets and other 

expenses (Yue, 1992:36). These measures represent the bank's capital, labour and operational 

cost. Deposits and funds purchased, measured by their interest expenses, are the source of 

loanable funds to be invested in assets (Yue, 1992:36). 

Kao and Liu (2004:2355-2356) used the following inputs and outputs under the intermediation 

approach: 

Inputs Outputs 
• Total deposits 

• Interest expenses 

• Non-interest expenses 

• Total loans 

• Interest income 

• Non-interest income 
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Kao and Liu (2004:2355) stated that total deposits include checking accounts and time deposits. 

Interest expenses include expenses for deposits and other borrowed money. Non-interest 

expenses include expenses of general management affairs, service charges and commissions, 

salaries and other expenses (Kao & Liu, 2004:2355). Total loans consist of medium-term and 

short-term loans. Interest income includes income from government bonds and corporate 

bonds, interest and dividend income on securities and interest on loans. Non-interest income 

includes income from renting and fiduciary activities, service charges on loans and transactions, 

commissions and other operating income (Kao & Liu, 2004:2356). 

To summarize, both Rangan et al. (1988:172), Kaparakis et al. (1994:884), Favero and Papi 

(1995:390) and Wheelock and Wilson (1995:693) included capital as an input. Rangan et al. 

(1988:172) and Wheelock and Wilson (1995:693) included purchased funds as an input. 

Rangan et al. (1988:172) included labour as an input, while Kaparakis et al. (1994:884) and 

Wheelock and Wilson (1995:693) used the number of employees as an input for labour. Both 

Yue (1992:36) and Kao and Liu (2004:2355) included non-interest expenses and deposits as 

inputs, while, Rangan et al. (1988:172) and Kaparakis et al. (1994:884) included deposits as an 

output. All the authors mentioned above included loans as an output. Kaparakis et al. 

(1994:884), Favero and Papi (1995:390) and Wheelock and Wilson (1995:693) included 

securities as an output. Yue (1992:36) and Kao and Liu (2004:2355) included interest income 

as an output. Kaparakis et al. (1994:884), Favero and Papi (1995:390), Yue (1992:36) and Kao 

and Liu (2004:2355) included non-interest income as an output. 

3.4.1.3. The asset approach 

Under the asset approach banks are considered to be only intermediaries between liability 

holders and receivers of bank funds (Berger & Humphrey, 1992:247). Favero and Papi 

(1995:390) suggested that the following should be identified as inputs and outputs under the 

asset approach: 
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Inputs Outputs 
• Labour 

• Capital (book value of fixed 

assets and premises) 

• Loanable funds, including current 

accounts and savings deposits 

• Loans to other banks and non-

financial institutions 

• Investments in securities and 

bonds 

• Non-interest income 

According to Elyasiani and Mehdian (1990:543-544) the following can be used as inputs and 

outputs under the asset approach: 

Inputs Outputs 
• Deposits (demand, time and large • Investments 

certificate deposits) • Loans (real estate, commercial, 

• Capital (fixed assets and industrial and other) 

premises) 

• Labour 

Berger and Humphrey (1992:247) stated that one of the shortfalls of the asset approach is that 

it does not include services to deposits. Berger and Humphrey (1992:247) also stated that using 

the asset approach under the current institutional arrangements can lead to contradictions. For 

example, bank A provides interbank loans and bank B provides commercial loans. To consider 

both commercial loans and interbank loans as outputs can lead to the diminishing of the 

interbank loans, when banks A and B merge. However, if only commercial loans are considered 

as an output then the bank that sells funds will have no measured output (Berger & Humphrey, 

1992:247). Milima and Hjalmarsson (2002:13) stated that the asset approach has two major 

sub-groups, namely, the profit approach or the user-cost approach and the risk management 

approach. 
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3.4.1.4. The profit approach or user-cost approach 

Under the profit approach the bank manager's purpose is to maximize the bank's profit function 

(Milima & Hjalmarsson, 2002:13). The profit approach measures the inefficiency in the inputs 

and in the outputs simultaneously, reducing therefore the problem of misspecification and mis-

measurement (Berger et al., 1993:226). With the use of the profit function approach Berger et 

al. (1993:229) found that to fail in producing the optimal levels of outputs can be a greater 

source of inefficiency than inefficiency in production. Berger et al. (1993:229) also concluded 

that the traditional profit approach may understate bank inefficiency. It shows inefficiencies in 

the form of deficient revenues rather than excessive costs. 

Hancock (1986:2-3) is known for introducing the user-cost approach. According to Hancock 

(1986:27) the user-costs can be calculated for all the assets and liabilities on the balance sheet. 

The assignment of assets and liabilities, as inputs and outputs, may however change with 

movements in service charges and interest rates. A problem with this approach, according to 

Avkiran (2006:284) is that it remains difficult to use and most countries lack the specific data 

required. According to Hancock (1991:33-34) some other problems also include the 

depreciation rate, the unobservable asset and capital prices in the next period and the choice of 

discounting rate. Under the user-cost approach an asset is assigned as an output if the financial 

returns are greater than the opportunity cost of funds. A liability item is assigned as an output if 

the financial costs are less than the opportunity cost. However, neither of these conditions are 

satisfied if the asset or the liability is classified as an input (Berger & Humphrey, 1992:248). 

3.4.1.5. The risk management approach 

The risk management approach is used to evaluate the risk that is attached to different forms of 

assets in a bank. A bank's valuation in the market can affect its performance and its ability to be 

funded by deposits and in the financial markets (Mester, 1996:1026-1027). The risk-

management approach classifies the management decision making process and its 
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implementation as inputs and shareholders value and bank profit as outputs (Mlima & 

Hjamarsson, 2002:13). 

3.4.1.6. The value added approach 

Under the value added approach high value creating activities require large expenditures on 

labour and physical capital. For example, making loans and taking deposits are classified as 

outputs and is measured in dollar terms. However, labour, physical capital and purchased funds 

are classified as inputs (Berger & Humphrey, 1992:250). The value-added approach can be 

regarded as a variation of the production approach (Avkiran, 2006:284). The value added 

approach differ from the user-cost approach in the following way: The value added approach 

uses operating cost data rather than determining these costs. Operating cost can be calculated 

by the difference in financial flows and marginal opportunity costs (Berger & Humphrey, 

1992:250). Grifell-Tatje and Lovell (1996:1289) also followed the value added approach where 

they treated deposits and loans as outputs. 

Sealey and Lindley (1977:1255-1256) stated that the following should be identified as inputs 

and outputs under the value added approach: 

Inputs Outputs 
• Labour • Loans 

• Purchased funds • Securities 

• Deposits 

• Other non-deposits 

There is another approach that can be used to measure efficiency, namely, the asset utilization 

approach. Under this approach services are offered more efficiently and can therefore be priced 

more competitively (Mester, 1994:7). The asset utilization approach compares total operating 

income to average total assets, where the increase in productivity means a higher profit for the 
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bank (Mester, 1994:7). Outputs are measured in dollar volumes and the inputs are labour, 

deposits, physical capital and other borrowed funds (Mester, 1994:7). 

Like all measures there are some weaknesses in measuring bank efficiency that must be 

discussed in order to help future researchers to become aware of these shortfalls. The 

problems that have been encountered in the past with measuring bank efficiency will be 

discussed in the next section. 

3.5. Problems associated with the measurement of bank efficiency 

Measuring the efficiency of a bank is difficult for the following reasons: 

• Tannenwald (1995:42) stated that a bank's inputs and outputs are hard to identify. A 

bank has several inputs and outputs whose quantities are difficult to compare 

(Tannenwald, 1995:43). For example, a bank provides a large number of saving 

accounts, loans, checking accounts and other financial services. In rendering these 

services banks utilize their deposits, labour, machinery, land and equipment. These 

outputs and inputs are not comparable and for this reasons analysts measure total bank 

outputs and inputs in terms of their monetary value (Tannenwald, 1995:43). 

• The most effective input/output ratio that a bank could achieve is difficult to determine. 

To determine this input/output ratio a best-practice must be used as a benchmark 

(Tannenwald, 1995:43). Yeh (1996:980) and Van der Westhuizen (2006:3) stated that 

these efficiency measures are only meaningful when compared to a benchmark and to 

find a suitable benchmark is difficult. Just by picking a bank with the highest value of 

output per dollar of input is not logical (Tannenwald, 1995:43). The reason is that the 

best-practice ratio is also determined by factors other than efficiency, such as input and 

output prices and the output mix (Tannenwald, 1995:43). 

• Another problem is that each performance measure is calculated using only a subset of 
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data available on the firm. This causes banks to perform well in one measure but badly 

in another. One single measure is therefore needed to measure the total performance 

using all the input and output data available on the firm (Van derWesthuizen, 2006:4). 

3.6. Summary 

For a bank to achieve outstanding performance means that the bank was successful in 

maximizing the shareholders' wealth, and thus the market value of the firm's common stock. 

Efficiency measurement is always related to an objective that can be measured with respect to 

the maximization of output, the maximization of profits or the minimization of costs. The 

efficiency estimates of the organization must always be compared to a best practice 

organization, in other words, it must be benchmarked. The benchmark organization is according 

to the sample the most efficient organization. 

One needs to evaluate a bank's ability to use its resources effectively in producing products and 

services (cost efficiency) and a bank's skills at generating income from these services (profit 

efficiency). It is therefore important to combine the cost efficiency estimates with the profitability 

estimates to gain an overall view of the organization's efficiency level. When economists point 

to efficiency some focus on scale and scope efficiency, while other economists regard X-

efficiency as the most important element. Scale economies, scope economies and X-efficiency 

are different aspects of performance. 

It was stated that the efficiency of any firm in choosing the appropriate inputs consisted of two 

components, namely, production efficiency and intermediation efficiency. Production efficiency 

and intermediation efficiency indicate technical and allocative efficiency. Intermediation 

efficiency also contains liquidity efficiency, which is measured at the bank level rather than 

branch level and reflects bank exposure to financial risk. The higher a branch's market 

efficiency the better it is at converting its resources into loans, deposits and other revenue-
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generating financial products. The higher the branch's production efficiency the lower the staff 

and other costs. The combined effect of the two efficiencies determines the branch's 

profitability. The economic concepts of cost efficiency, standard profit efficiency and alternative 

profit efficiency were also discussed. The risk component in efficiency was also discussed, 

because when the organization's exposure to risk influenced its production decisions, the cost 

and profit functions may calculate inaccurate efficiency estimates. 

The different approaches that can be applied to choose the appropriate input and output 

combinations were discussed as the first step to measure bank efficiency. The next step is to 

establish the available techniques to actually measure efficiency and generate efficiency 

estimates. This will be done in the next chapter, where Data Envelopment Analysis (DEA) will 

be discussed. The advantages and disadvantages, the influential factors and the different 

methods used to overcome these influential factors will also be discussed. 
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Chapter 4: Data Envelopment Analysis 

4.1. Introduction 

It is now known that financial indicators alone cannot be used as the sole measure for decision-

making purposes, because it may lead to distortions. Some of the other popular performance 

measures also have their limitations, for example the BSC, as shown in chapter 2. The required 

financial data are not always available or the required financial statements are hard to get hold 

of. To overcome these limitations relative efficiency measures will be used. Chapter 3 discussed 

the different approaches available in order to choose the appropriate input and output 

combination to be allocatively and technically efficient. The next step is to choose the most 

appropriate technique to measure the bank's efficiency. This chapter will discuss Data 

Envelopment Analysis (DEA), as one of the relative efficiency measures. 

This chapter starts with the average cost function (section 4.3). The shortfalls of the average 

cost functions will then be discussed and how it led to the use of parametric and non-parametric 

approaches (section 4.3). Section 4.4 describes DEA, followed by the factors that influence the 

development of a DEA model: This will then be followed by a discussion on input- and output-

orientation (section 4.4.1 and 4.4.2); slacks (section 4.4.3); returns to scale properties the 

organization follows (section 4.4.4 and 4.4.5); cost minimization approach and a profit 

maximization approach (section 4.4.6); how to allow for environmental factors (section 4.4.7) 

and congestion (section 4.4.8). A discussion of the Malmquist index will then follow (section 

4.4.9). Section 4.4.10 discusses the advantages and disadvantages of DEA. Other methods 

that will briefly be discussed include SFA (section 4.5), the thick frontier (section 4.6) and the 

Malmquist Total Factor Productivity (MTFP) index (section 4.4.9). A discussion on efficiency 

scores will then follow in section 4.7. 
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4.2. Background 

Brumbrack (1988:387) stated the following: 'Performance includes both behaviour and results. 

Behaviours emanate from the performer and transform performance from abstraction to action. 

Not just the instruments for results, behaviours are also outcomes in their own right, the product 

of mental and physical effort applied to tasks, and can be judged apart from results'. The 

conclusion can be made that when managing the performance of branches, both the inputs 

(behaviour) and outputs (results) need to be considered. 

Figure 4.1: The production frontier 

Source: Coelli etal. (1998:4). 

Looking at inputs and outputs, one is looking at the level of productivity of a firm, which means 

one is looking at the ratio of outputs that is produced with the inputs used. Productivity is better 

described by the term total factor productivity, which measures all factors of production (Coelli 

ef a/., 1998:2-3). A production frontier is used to indicate the relationship between inputs and 

Y 
outputs. The ratio — in figure 4.1 provides the measure of productivity. If the branch moves 

Ji. 

from point A to point B, the branch will be more technically efficient. Point B is higher, which 

85 



CHAPTER 4 
DATA ENVELOPMENT ANALYSIS 

means higher productivity at point B (Coelli et al., 1998:4). The question is how are inputs and 

outputs measured? This is done by measuring the prices of each input and output (Mester, 

1994:7). This led to the use and development of cost functions that will be discussed in the 

following section. 

4.3. The average cost function 

In the estimation of scale and scope economies an average cost function is estimated, which 

relates a bank's cost to its output levels and input prices. This technique assumes that all banks 

use their inputs efficiently. There is no X-inefficiency and the same production technology is 

being used (Mester, 1994:8). 

An important issue in bank efficiency analysis is the choice of the functional form for the cost 

function. Berger and De Young (1997:859-860), Berger and Mester (1997:907-908) and 

Altunbas et al. (2001:1936) all have abandoned the typical U-shaped translog for the Fourier-

flexible function. The Fourier function is preferred because it combines the stability of the 

translog specification, near the average of the sample data, with the flexibility of the Fourier 

specification, for observations far from the averages. The Fourier functional form also delivers 

better approximations of the underlying cost function (Girardone et al., 2004:216). 

The relationship between costs, input prices and output quantity has been investigated in the 

past. This relationship is based on the concept between production functions and cost functions 

(Girardone et al., 2004:217). The production function,Q = Q(X), of the organization 

summarizes its technology, which is the relationship between outputs (Q) and inputs (X). The 

cost function, TC = TC(Q,P), indicates the relationship between the prices of variable inputs 

and the total production costs (TC) (Girardone et al., 2004:217). The duality condition between 

the production function and the cost function ensures the correspondence between 
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both functions and that they contain the same information about production (Girardone et a/., 

2004:217). 

Factors such as distorted communications, errors, lags between the choice of the plan and its 

implementation, uncertainty and inertia in human behaviour cause X-inefficiencies to drive real 

data away from the optimum (Resti, 1997:223-224). Pulley and Braunstein (1992:225-229) were 

one of the first to use total economic costs (EC) and costs of production (PC) as dependent 

variables in a cost function. Allen (1994:77-80) stated that re-engineering the bank's cost 

structure can lead to greater benefits in terms of efficiency analysis. 

In an analysis by Mester (1996:1043) he found that there is a negative relationship between 

inefficiency and the capital-asset ratio. Mester (1996:1043) stated that this negative relationship 

does not necessarily mean that if a bank increases its capital-asset ratio its efficiency will, but 

may be an indication that higher capital ratios may prevent moral hazard. However, the capital-

asset ratio might be related to inefficiency, because inefficient banks have lower profits which 

can lead to a lower future capital-asset ratio (Mester, 1996:1043). Hughes and Mester (1994:20-

21) stated that banks exhibited non-neutrality towards risk and did not choose the cost-

minimizing level of financial capital. Mester (1996:1026) therefore included the level of financial 

capital in the cost function. There was a shortfall in efficiency analysis because of the absence 

of the level of capital and loan losses in the cost function. The level of capital and loan losses is 

included to control for risk of default and output quality (Mester, 1996:1026). A new approach 

was introduced to include the measures of output quality and default risk. To leave output 

quality and default risk out of the cost function may lead to the miscalculation of economies 

scale and bank levels of X-efficiencies (Berger & Mester, 1997:908-909; Mester, 1996:1026). 
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Mester (1994:8) stated that it was soon recognized that there might have been unpredicted 

factors that affected a bank's cost over the period when data were collected, for example, the 

possibility of measuring the data with error. More focus was therefore placed on the degree of 

X-inefficiency in banking. The technique required was to estimate the best-practice cost function 

that predicted the cost function of banks that were X-efficient (Mester, 1994:9). The required 

technique also had to measure the degree of inefficiency relative to best-practice, chosen as the 

appropriate benchmark (Mester, 1994:9). The following techniques can be used to measure the 

degree of inefficiency, they are Data Envelopment Analysis (DEA), Stochastic Frontier Analysis 

(SFA), the thick frontier and the MTFP index. 

4.4. Data Envelopment Analysis (DEA) 

The proposal by Farrell (1957:264-265) for frontier estimation was ignored until a paper by 

Charnes et al. (1978:432) was published that used the term Data Envelopment Analysis. DEA 

determines the bank (best-practice) that produces outputs with the least inputs by using data on 

input prices, costs, and outputs. If the sample contains no bank that produces a particular 

combination, then the best-practice bank for the combination is based on a best-practice bank 

producing similar combinations outside the sample (Mester, 1994:9). The inefficiency ratio of 

the bank is then measured by comparing its own cost with the cost of the best-practice bank, 

which has the same input prices and produces the same output mix. This ratio lies between 

zero (total inefficient) and one (total efficient) (Mester, 1994:8). 'DEA involves solving linear 

programming problems that generate a non-parametric, piecewise linear convex frontier that 

envelops the input and output data relative to which cost is minimized' (Fare et al., 1985b: 193). 

Coelli et al. (1998:140) stated that DEA involves the use of linear programming methods to 

construct a non-parametric piecewise frontier across the data. This frontier is therefore used to 

measure the relative efficiency or productivity in terms of the inputs and outputs selected by the 

organization (Avkiran, 1999:206). In the past, DEA has been used for evaluating bank 
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efficiency, however, according to Kao and Liu (2004:2354) DEA might be unable to determine 

the weaknesses of an unsuccessful unit, thus decreasing the possibility of improvement. 

This technique is called Data Envelopment Analysis because the data on the best-practice 

banks cover or envelop the data completely from the rest of the banks in the sample (Avkiran, 

1999:207). According to Sherman and Ladino (1995:63) DEA determines the following: 

• The best-practice and most productive group of service units. 

• The less-productive service units compared to the best-practice units. 

• The amount of excess resources used by each of the less-productive units. 

• The ability to increase service outputs in less-productive units without utilizing added 

resources or the amount of excess capacity. 

• The set of best-practice service units most similar to the less-productive units. 

According to Sherman and Ladino (1995:61) 'DEA is a powerful tool for service businesses', 

which is why more focus will be shed on the DEA method in the following sections. Service 

organization's productivity/efficiency and service quality are affected by the following factors: 

access, communication, availability, aesthetics, comfort and reliability (Fitzgerald et al., 

1993:46-47). The reason for the use of DEA is that it helps the user to identify the best-practices 

that are too complex to be identified through traditional analytical techniques and observation. 

DEA can help the organization's management to determine the best-practices in complex 

service operations. This is based on the organization's objectives and goals (Sherman & 

Ladino, 1995:62). 

The problem with measuring bank efficiency is data availability. The databases of banks 

accommodate only accounting procedures and not combined analysis of operational, marketing 

and financial data. Competitor banks are also not eager to share comparative data. Vassiloglou 
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and Giokas (1990:591-592) found that DEA was an appropriate method for overcoming these 

problems. The reason for this is the modelling flexibility of DEA and its ability to address 

qualitative and quantitative data, as well as non-discretionary and discretionary inputs (Golany 

& Storbeck, 1999:15). Golany and Storbeck (1999:16) stated that the following three steps must 

be followed in order to construct a DEA model: First, the selection of decision-making units 

(DMU) must take place. In other words, choosing the banks that will be used as comparators. 

Second, choosing the appropriate input and output combination. Thirdly, to choose a 

mathematical formulation for the DEA model (Golany & Storbeck, 1999:16). 

DEA ratio analysis can be used to measure operational performance, and this is done by 

combining financial ratios with DEA. The financial performance of a branch is therefore 

measured and the allocation of resources between branches, in order to achieve higher 

profitability and higher productivity, can be determined (Oral et a/., 1992:174). Profitability 

measures should therefore be compared with DEA results to achieve a sound managerial 

practice. In order to separate efficient from inefficient banks a rule of thumb to follow is that the 

researcher must ensure that the sample size is at least three times larger than the sum of the 

number of inputs and outputs (Stern et a/., 1994:545). Athanassopoulos (1998:174) stated that 

to make the DEA results comparable a homogeneous group of DMUs must be used. For 

example, branches of an electronics retail business cannot be joined by ordinary branches, 

because they are subject to different production and operational variables. 

Athanassopoulos (1998:174) stated that: 'the primary objective of a bank branch is to penetrate 

its market by selling financial products to new customers while delivering services to existing 

customers'. Avkiran (1997:225) stated that by developing the performance models one can 

identify performance variables (outputs) that reflect the objectives and strategies of an 

organization. The main shortcomings of most branch performance models are the over use of 

management accounting and financial statement analysis (Avkiran, 1997:225). The input and 
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output variables used in DEA also depend on whether one want to assess the unit's production 

efficiency or its intermediation efficiency (see section 3.3.3). One advantage of DEA is that it 

works with variables of different units without the need for standardization, like the number of 

staff, dollars or the number of transactions (Avkiran, 1999:207). 

Figure 4.2 shows a DEA model, with a line passing through the efficient DMUs L, M and N that 

represent achieved efficiency. For example, DMU K is classified as inefficient and needs to 

move to K' on the frontier before it can be classified as efficient. DMU K will be compared to 

units M and N on the efficient frontier with the calculating of its efficiency score (Avkiran, 

1999:207). If one compares the efficiency of one bank to that of another, one must compare 

each bank's cost of producing the same outputs (Mester, 1994:7). 

The final step in constructing a DEA model is to determine and construct the mathematical 

formulation of the model (Golany & Storbeck, 1999:16). The factors that influence this final step 

will now be discussed. 

Output y 
per u»it of 
input 2 

Output x per unit of input z 

Source: Avkiran (1999:207). 
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4.4.1. Input-orientated 

Input-orientated characterizes the production technology of the organization, for producing a 

given output mix with the minimum inputs (Coelli et a/., 1998:62). Farrell (1957:264) illustrated 

an input-orientated organization, with two inputs (x1 and x2) and an output (y). In Figure 4.3, the 

fully efficient firms are shown on the curve SS'. If a firm P uses a quantity of inputs to produce 

an output, the technical inefficiency will be shown as the distance QP. This is the amount of 

OP inputs that can be reduced without reducing output. The ratio ^— is therefore the percentage 

that the input must decrease to be become efficient. The technical efficiency (TE) of the firm can 

be shown as the ratio TE< = —. The value of the ratios will lie between one and zero, with 

OP 

one being fully technically efficient and zero being fully technically inefficient. Point Q in Figure 

4.3 is technically efficient, because it lies on the efficient isoquant (Coelli et a/., 1998:134-135). 

If the input price ratio is known, shown by the isocost line (AA'), the allocative efficiency can 

A D 
also be measured. The allocative efficiency (AE) of the firm is measured by the ratio AEt = — . 

The distance RQ is the amount of production costs that will be saved if the firm increases its 

allocative efficiency from point Q to point Q'. Total economic efficiency (EE), the sum of TE and 

OR 
AE, can be measured by the ratio EEl =— (Coelli et a/., 1998:135-136). Farrell (1957:263) 

stated that in these cases the production function is assumed to be known, but in reality this is 

not true. This problem can be overcome by using a non-parametric piece-wise-linear convex 

isoquant or a parametric function to estimate an efficient isoquant from the sample data (Coelli 

etal., 1998:136). 
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Figure 4.3: Illustration of an input-orientated organization 

Source: Farrell (1957:135) & Coelli et al. (1998:135). 

4.4.2. Output-orientated 

Output-orientated characterizes an organization in pursuit of producing the maximum output 

bundle with the given inputs mix (Coelli et al., 1998:62). Coelli et al. (1998:138-139) illustrated 

an output-orientated organization with two outputs (y1 and y2) and one input (x1), see Figure 

4.4. If the input is to be fixed, technology can be shown in a production possibility curve. In 

Figure 4.4 the line ZZ' is the production possibility curve and point A represents an inefficient 

firm. Point A is below the curve, where line ZZ' represent the upper bound of the production 

possibilities. The distance AB indicates technical inefficiency, which is the amount that outputs 

can increase without the increase in input (Coelli et al., 1998:138). Technical efficiency can also 

OA 
be shown by the ratio TEn = — . With price information the isorevenue line DD' can be 

0 05 

constructed in order to measure allocative efficiency. This can be shown by the ratio, 

A D 

AE0 = — . The overall economic efficiency can be shown by the ratio, EE0 - TE0 x AE0. The 

estimates of the ratios are bounded by zero and one (Coelli et al., 1998:138-139). 
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Figure 4.4: Illustration of an output-orientated organization 
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Source: Coelli et al. (1998:138) 

4.4.3. Slacks 

Slacks are a phenomenon that is present when an efficient organization still has the ability to 

reduce its inputs to produce its given outputs (input slack) (Coelli et al., 1998:142), or has the 

ability to continue increasing its outputs with the given inputs (output slack) (Coelli et al., 

1998:159). Slacks are present because sections of the piece-wise linear frontiers run parallel to 

the axes. Slacks are not normally present in most parametric functions. To illustrate an input 

slack Figure 4.5 is used. 

Figure 4.5: Illustration of an input slack 

Source: Coelli et al. (1998:143). 
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In Figure 4.5 the two efficient firms are C and D and the two inefficient firms are A and B. The 

question now is, is point A and B an efficient point or not? The reason for the question is that 

input (x2) can be reduced with the distance CA' without reducing the output. This is known as 

an input slack (Coelli etal., 1998:142). 

To illustrate an output slack Figure 4.6 is used. Figure 4.6 illustrates an output-orientated DEA 

model, where the observations lie below the curve. An output slack is present when a 

production point can be projected onto parts of the curve by an expansion in output. Point P is 

projected to point P', which is on the frontier but not on the efficient frontier. The reason is that 

the production of (y1) can be increased with distance AP' without using additional inputs (Coelli 

etal., 1998:159). 

Figure 4.6: Illustration of an output slack 

Source: Coelli etal. (1998:159). 

To identify all the slacks, Ali and Seiford (1993:290-293) identified a second-stage linear 

approach. The problem with this approach is that the sum of the slacks are maximized rather 

than minimized. This mean that it does not identify the nearest efficient point, but the furthest 

one. The second problem is that it is not invariant to units of measurement. This can lead to 
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different efficiency boundary points and therefore different slacks and A-values (Coelli et al., 

1998:175). 

Slacks only exit because of the absence of an infinite sample size and an alternative frontier 

construction method (Coelli et al., 1998:176). Ferrier and Lovell (1990:235) stated that slacks 

may be viewed as allocative inefficiency. The next section describes the returns to scale 

properties of an organization. 

4.4.4. Constant returns to scale (CRS) 

Constant returns to scale (CRS) is the proportional increase in outputs because of an increase 

in inputs (Avkiran, 1999:211). Charnes et al. (1978:437) proposed a model where input-

orientation and constant returns to scale (CRS) were introduced. Coelli et al. (1998:141) stated 

that by using duality in linear programming the following equivalent envelopment can be 

constructed for the CRS DEA model: 

trine,*. 9, 

st -yi + Yk>0, 

%Xi - XX > 0, 

X>0 , (4.1) 

where 9 is a scalar and A is a (N x 1) vector of constants. This envelopment form has fewer 

constraints than the multiplier form (K+M < N+1). This equation is the preferred one to solve. 

The value 9 will be the efficiency score for the i-th firm. It will satisfy: 9 < 1, where a value of 1 

will indicate a point on the frontier and thus a technically efficient firm. This problem has to be 

solved N-times, one for each firm and a value of 9 is obtained for each DMU (Farrell, 1957:258-

259). 
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Assume branches operate under constant returns to scale and that the interpolation between 

two or more observed correspondences of input and output levels lead to a correspondence of 

input and output levels that could be observed at an operating unit (Thanassoulis, 1999:2). The 

following production possibility set (PPS) can therefore be generated, which is a space that 

contains all the feasible combinations of for example labour and floor space, as shown in Figure 

4.7. 

Figure 4.7: Illustration of a production possibility set 

Production Possibility 
Set 

Floor Space 

Source: Thanassoulis (1999:3). 

Using the PPS the estimation of radial DEA efficiency of any branch can be determined 

(Thanassoulis, 1999:2). For example, B2 is on the efficient frontier and is DEA efficient. In other 

words, the firm cannot reduce level of its input without increasing some other input level or 

lowering the output levels. The radial efficiency of branch B1 is measured relative to branches 

B3 and B4 (Thanassoulis, 1999:2). By using this method as a guideline inefficient branches can 

determine the right production mix to improve their performance (Thanassoulis 1997:254-255). 
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When a branch is using a single resource, DEA can be used to calculate marginal resource 

levels (MRLs) (Thanassoulis, 1999:8). MRLs help the organization to operate more efficiently, 

because MRLs reflect the resource requirements of efficient units (Thanassoulis, 1996:464). 

MRLs also make it possible for each branch to monitor its efficiency against its costs 

(Thanassoulis 1997:259). 

4.4.5. Variable returns to scale (VRS) 

Constant returns to scale will not function under conditions such as imperfect competition and 

constrains on finance. Firms may therefore be unable to operate at an optimal scale (Coelli et 

al., 1998:150). Banker et al. (1984:1086-1088) introduced variable returns to scale (VRS) as the 

answer to this problem. VRS are the disproportional increase or decrease in outputs when the 

inputs are increased (Avkiran, 1999:211). The best approach may be to run the DEA model 

under constant returns to scale (CRS) and variable returns to scale (VRS) separately and then 

to compare the efficiency scores (Coelli et al., 1998:150). The CRS efficiency score represents 

technical efficiency that measures the inefficiencies due to the size of operations and the 

organization's input/output combination. The VRS efficiency score represents pure technical 

efficiency that measures efficiency without scale efficiency (Avkiran, 1999:211). The constant 

returns to scale linear programming problem (equation 4.1) can be modified to account for 

variable returns to scale by adding the convexity constraint: NT A =1 (Coelli et al., 1998:150). 

N1 is a (N x 1) vector of ones. This approach envelops the data points more tightly than the 

constant returns to scale, which provides technical efficiency scores that are greater/equal to 

those of the constant returns to scale model. The convexity constraint (N1 'A=1) ensures that 

an inefficient firm is only benchmarked to a firm of similar size. However, under the constant 

returns to scale model inefficient firms are sometimes benchmarked against firms larger than 

themselves (Coelli et al., 1998:150). 
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Scale efficiency can be measured by measuring TE scores from both CRS and VRS DEA 

models. The difference between the two indicates the potential scale inefficiency. Figure 4.8 

illustrates the measuring of scale efficiency, where, under CRS, the input-orientated technical 

inefficiency of point P is the distance PPc (Coelli et a/., 1998:150-151). Under VRS the technical 

inefficiency is the distance PPv. The difference between PcPv is due to scale inefficiency. 

However, the shortcoming of this scale efficiency measure is that it does not indicate if the firm 

is operating at increasing returns to scale or decreasing returns to scale. This problem can be 

overcome by running an additional model with non-increasing returns to scale. This can be 

done by substituting N1'A=1 with N1'A < 1 in equation 4.1 (Coelli et a/., 1998:151). By looking 

at Figure 4.8 one can determine if the branch is operating at increasing returns to scale or 

decreasing returns to scale by comparing the non-increasing returns to scale (NIRS) TE scores 

with the VRS TE scores. If these scores are unequal then increasing returns to scale exist and 

when they are equal then decreasing returns to scale exist. For example, point P is unequal and 

point Q is equal (Coelli et a/., 1998:151-152). 

Figure 4.8: Calculating scale economies in DEA 

Source: Coelli etal. (1998:152). 
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The following model is an output-orientated VRS DEA model: 

max^ cp, 

st -(fait + YX. > 0, 

Xi - XX > 0, 

N1'X=1 

X>0 ? (4.2) 

1 <0 <oo and 0 — 1 is the proportional increase in output that the i-th firm can achieve. Input 

quantities are held constant. — shows a TE score that is between one and zero (Coelli et al., 
<t> 

1998:158-159). 

The difference between input- and output-orientated measures are illustrated in Figure 4.9(a), 

for decreasing returns to scale and 4.9(b), for constant returns to scale. In Figure 4.9(a) TE has 

AB CP 
a ratio of — , if input-orientated and a ratio of , if output-orientated (Coelli et al., 

AP CD 

1998:137). Fare and Lovell (1978:152-155) stated that under constant returns to scale the 

output- and input-orientated measures are equivalent measures of technical efficiency. In Figure 
AT) (~<p 

4.9(b) the inefficient firm is at point P, with — = . The selection of the type of orientation 
AP CD 

depends on which quantities the managers have more control over (Coelli et al., 1998:137). 
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Figure 4.9: The difference between input- and output-orientated technical efficiency measures 

and returns to scale 

Source: Coelli etal. (1998:137). 

Another factor that should be considered in using the DEA model is to determine whether the 

firm follows the cost minimization or the revenue maximization approach. 

4.4.6. Cost minimization and profit maximization 

If one has the price information and follows either the cost minimization approach or the profit 

maximization approach, both technical efficiency and allocative efficiency can be estimated. For 

example, by following the input-orientated VRS DEA model with a cost minimization approach, 

the following equation will be used in order to measure technical efficiency (Coelli et al., 

1998:161-162): 
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nrin^ri* Wi'xj*, 

st -yi + YX > 0, 

X!* - X?. > 0, 

N1'X=1 

X > 0, (4.3) 

where wi is a vector of input prices for the i-th firm and JC. * is the cost-minimization vector of 

input quantities for the i-th firm. Input prices are w, and output levels are yi. The total cost 

efficiency (CE) or economic efficiency (EE) can therefore be calculated for the i-th firm as 

follows (Coelli etal., 1998:162): 

W.'JC * 
CE= ' ' (4.4) 

Allocative efficiency is then calculated as follows: 

CF 
AE = — (4.5) 

TE 

However, in the VRS, revenue maximization model, technical efficiency is measured by solving 

the output-orientated DEA model (equation 4.2) with the following adjustments. 

^AXx,yp-piy* replaces MAX^ and st_-yi * +7A > 0 replaces st_-(jfyi + 7 A > 0 . 

Where Pl is a vector of input prices for the i-th firm and yt * is the revenue-maximizing vector of 

output quantities for the i-th firm. The output prices are Pt and the input levels are xt (Coelli e£ 
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al., 1998:162-163). The total revenue efficiency or economic efficiency (EE) of the i-th firm is 

therefore calculated as follows: 

EE = ^ ^ - (4.6) 
P.'y,* 

Allocative efficiency is then calculated as follow: 

AE = — (4.7) 
TE 

The conclusion can be made that profit maximization is the sum of cost minimization plus 

revenue maximization. Very few authors have used profit efficiency in the DEA model (Coelli et 

al., 1998:163). Fare et al. (2004:1734-1737) suggested the use of two linear programs to 

overcome this problem. In the first one a profit maximizing DEA is used to measure profit 

efficiency and in the second one a directional distance function is used to measure technical 

efficiency. 

4.4.7. Environmental factors 

When using DEA models, (uncontrollable) environmental variables must be taken into account. 

Environmental variables are factors that could influence the efficiency of a firm. These factors 

are not traditional inputs and are not under the control of management (Fried et al., 1999:251-

252). These factors are for example location characteristics, ownership differences and 

government regulations. There are six ways to accommodate these factors in the DEA model 

(Coelli et al., 1998:167): 
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4.4.7.1. Method 1 

In this method the environmental factors are ordered from the least to the most detrimental 

effect upon efficiency. The approach introduced by Banker and Morey (1986:519) is then 

followed. The efficiency of the i-firm is compared with a firm with more or less the same 

environmental variables in the same sample (Coelli et al., 1998:167). 

4.4.7.2. Method 2 

This method follows the approach of Charnes et al. (1981:676) where the method contains 

three stages. They are: 

• Divide the sample into private/public samples and solve a DEA for each sub-sample. 

• Project all observed data points onto their frontiers. 

• The last stage is to solve a single DEA using the projected points, assessing any 

difference in the mean efficiency of the two sub-samples (Coelli et al., 1998:167). 

However the problems with method 1 and method 2 are the following: 

• The comparison set can be reduced causing firms to be found efficient, thereby reducing 

the discriminating power of the analysis. 

• Another problem is that only one environmental variable can be considered by method 1 

and method 2. 

• The additional problem with method 2 is that it requires the environmental variables to 

be a categorical variable. 

• Method 1 has the additional problem that it requires that the direction of the influence of 

the environmental variable to be known a priori (Coelli et al., 1998:167). 
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4.4.7.3. Method 3 

This method is where environmental variables are directly included into the linear programming 

formulation. Here the environmental variables are included as inputs, outputs or neutral 

variables. The environmental variables are classified as discretionary and non-discretionary 

factors. Discretionary inputs are inputs like operating expenses or teller hours. Non-

discretionary inputs are variables like competitive activity, market size and economic status of 

the area. They are the factors that influence the activity of the branch, but are not under the 

direct control of the branch (Golany & Storbeck, 1999:17-18). 

The rapidly changing nature of branch operations are due to unprecedented leaps in 

technology. More financial services are marketed through computer, phone and facsimile lines 

(Holland & Melcher, 1995:66-67). Golany & Storbeck (1999:25-26) stated that DEA is the right 

tool to use in the present dynamic environment. The reason is that it can be modified to address 

the changing needs of management. The DEA forces managers also to define the way they 

view their business. Management can therefore decide on an appropriate way to measure 

operating branches according to their strategy (Golany & Storbeck, 1999:25-26). Method 3 can 

be divided into the following 3 options (Coelli et a/., 1998:168): 

Method 3A: If unsure about the environmental variable's direction of influence, one can 

include it in the linear program problem. Equation 4.8 illustrates a VRS input-orientated 

linear program problem (Coelli et a/., 1998:168): 
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mine.a. 9, 

st -yi + YX > 0, 

0Xi - XX > 0, 

N1'A,=1 

^ ^ 0 , (4.8) 

By using equation 4.8 one can now have L-environmental variables to add to the model 

and they are denoted by the (Lx1) vector z, for the i-th firm and by the (LxN) matrix Z for 

the full sample. By adding z; -ZX = 0 to equation 4.8, the new equation will be able to 

accommodate the L-environmental variables (Coelli et a/., 1998:168). The i-th firm will 

therefore only be compared to a benchmark firm which has the same environment. The 

restriction scores inflate the efficiency scores and reduce the reference set. It will be 

unfair to compare the i-firm with a firm that has a more favourable environment (Coelli et 

a/., 1998:168). 

Method 3B: The environmental variables can be included as discretionary inputs. 

Equation 4.8 will therefore be used and by adding 6zj-ZA,>0 additionally to the 

equation. Method 3B treats the environmental variables as normal inputs. The 

advantage of this approach is that the i-th firm is only compared with a firm with a similar 

environment (Coelli et a/., 1998:169). However, the disadvantage is that method 3B 

requires that the direction of the influence of the environmental variable be known. 

Method 3B therefore stated that these environmental variables can be reduced, by 9, 

just like a normal input, however this is not always true. It is recommended that variables 

must be treated as non-discretionary variables (fixed variables) (Coelli et al., 1998:169). 
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Method 3C: When the environmental variables are included as non-discretionary inputs 

equation 4.8 will be used, but by adding z, - Z A > 0 to the equation (Coelli et al., 

1998:169). The i-th firm is compared with a firm with a similar environment. The 

environment can not be altered and the environmental variables are not calculated in the 

efficiency scores. 

One disadvantage of method 3A and method 3C are that the environmental variables 

must be continuous. Another disadvantage of method 3A and method 3C is that one 

must decide a priori whether the environmental variable has a positive or a negative 

influence upon the efficiency of an organization. To determine the direction of influence 

a two-stage procedure is recommended (Coelli et al., 1998:170). 

4.4.7.4. Method 4 

By following the so-called Two-Step approach (Coelli et a/., 1998:170) the environmental factors 

can be accommodated in a DEA analysis. Grosskopf (1996:163-165) stated that one can 

overcome the problem of drawing statistical inference when using a non-parametric methods, 

with the help of the Two-Step approach. In this approach efficiency scores are treated as 

indices or data and a linear regression is used to explain the variation of the efficiency scores. 

The Two-Step approach involves taking only the traditional inputs and outputs into account in 

the first stage (Coelli et al., 1998:170). In the second stage the efficiency scores, obtained from 

the first stage, are regressed upon environmental variables. The signs of the coefficients of the 

environmental variables indicate the direction of influence and by using a standard hypothesis 

the strength of the relationship can be tested (Coelli's et al., 1998:170). 

The fact that the efficiency scores are censored was also introduced by Lovell and Pastor 

(1995:149) and Bhattacharyya et al. (1997:336). Ordinary Least Squares (OLS) was used, 
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because the dependent variable was found to be limited. However, the OLS does have its 

disadvantages. If the variables, used in specifying the original efficiency, are correlated with the 

explanatory variables, used in the second stage, the second stage estimates can be 

inconsistent and biased (Deprins & Simar, 1989:86). 

Efficiency scores can be corrected for environmental factors by using the second-stage 

regression, and using the estimated regression coefficients to adjust all the efficiency scores to 

correspond to the environment factors, for example the sample means (Coelli's et al., 

1998:170). Bhattacharyya (1997:336) pointed out that the included explanatory variables can 

fail to explain the entire variation in the calculated efficiencies. Bhattacharyya (1997:336) also 

stated that the statistical inference is adversely affected by the unexplained variation mixes with 

the regression residuals. This is why the Tobit regression is recommended, because it can 

account for truncated data (Coelli et al., 1998:170). Xue and Harker (1999:5-6) pointed out that 

efficiency scores, generated by DEA models, were dependent on each other. The reason is that 

the DEA efficiency scores are not an absolute efficiency index, they are a relative efficiency 

index. Bootstrapping is recommended to overcome this problem. The bootstrap method is a 

computer-based method for assigning measures of accuracy to statistical estimates (Efron, 

1979:19). 

Simar (1992:183-186) was the first to introduce the bootstrap method for computing confidence 

intervals for efficiency scores derived from non-parametric frontier methods. Bootstrapping has 

been used to provide an empirical distribution of efficiency scores for each observation in the 

sample (Atkinson & Wilson, 1995:141-142). It also has been used to derive the confidence 

intervals and a measure of bias for DEA efficiency scores (Ferrier & Hirschberg, 1997:21-23). 

Simar and Wilson (1998:56-57) stated that bootstrapping is also used to analyze the sensitivity 

of efficiency scores to the sampling variations of the estimated frontier. See Efron (1979:3-4) for 

more detail on bootstrapping. 
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One disadvantage of method 4 is that biased estimates can be generated if the variables used 

in the first stage are highly correlated with the second stage variables. Another disadvantage of 

method 4 is that it only considers radial inefficiency and ignores the slacks (Coelli et al., 

1998:171). A solution to this problem has been introduced by Fried et al. (1999:251) and 

involves estimating a Seemingly Unrelated Regression (SUR) system of equations for the 

slacks. 

4.4.8. Congestion 

An isoquant is a negative sloped graph that indicates all the combinations of inputs to produce a 

particular quantity of outputs (Coelli et al., 1998:16-17). However, a positive sloped isoquant 

would mean that the organization can reduce the quantities of both inputs and still produce the 

same quantity of output. Congestion is therefore present in the use of one of the inputs, 

because its marginal product (MP) is negative (Coelli et al., 1998:17). 

Figure 4.10: Illustration of an isoquant reflecting input congestion 

X2 

X1 

Source: Coelli et al. (1998:18). 
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Some factors like labour unions, preventing a reduction in staff and governments that control 

the input levels causes the isoquant to bend backwards (see Figure 4.10), resulting in a positive 

slope, (this is called input congestion). These factors are in contrast with the assumption that is 

made with the building of a DEA model and can not be controlled by the firm. The assumption is 

that all inputs are disposable (Coelli et al., 1998:172-173). 

Fare et al. (1985b:67-71) proposed that an input-orientated VRS DEA model (equation 4.8) 

should be used, but with an adjustment. To introduce the 8 parameter into the input restrictions 

will replace the strong disposability with a weak disposability. The new equation can be 

illustrated as follows (Coelli et al., 1998:173): 

st -yi + YX > 0, 

£6x£-xX=G, 

N1'A,=1 

1 > 0 , 0 < C 5 < 1 (4.9) 

Congestion inefficiency has therefore been removed from the technical efficiency measure. This 

will cause the technical efficiency scores obtained from equation 4.9 to be greater or equal than 

the scores obtained from the input-orientated VRS DEA model (equation 4.8) (Coelli et al., 

1998:173). 

Input congestion efficiency (CE) can be measured by measuring the difference in the TE scores 

from both a strong disposability and a weak disposability DEA. This can also be illustrated by 

Figure 4.11, where the strong disposability (SSs) and the weak disposability (SSw) are shown. 
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Figure 4.11: Illustration of input congestion and efficiency measurement 

x2 

x1 

Source: Coelli etal. (1998:174). 

The curve is bending backwards and is passing through point A. The congestion inefficiency for 

the firm at point P is equal to PwPs. The ratio of the input congestion efficiency can therefore be 

expressed as follows (Coelli etal., 1998:173-174): 

CE OPs 
OPw 

(4.10) 

The TE measure under the strong disposability (TEs) can be measured by using the following 

equation (Coelli etal., 1998:173-174): 

TEs = CEx TEw (4.11) 

where 

TEs is the TE measure under the strong disposability 

TEw is the TE measure under the weak disposability 

CE is the input congestion efficiency 
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Fare et al. (1985a:91-92, 94-95) stated that the technical efficiency scores calculated from a 

CRS DEA can be split into scale efficiency, congestion efficiency and technical efficiency. This 

can be done by solving three DEA models, one with VRS assuming weak disposability, one with 

VRS assuming strong disposability and one with CRS assuming strong disposability. 

(Congestion can be considered with both inputs and outputs) (Coelli et al., 1998:174-175). 

All the factors that influence the DEA model was described and the appropriate DEA model and 

equation can now be estimated. However, there is still one aspect called the Malmquist index to 

consider. With new products and new product mixes the bank will want to determine whether it 

has improved its productivity or not. This can be done with the help of the Malmquist index, 

which will be discussed in the following section. 

4.4.9. The Malmquist index 

The DEA-based Malmquist index of total factor productivity change (TFP), which was developed 

by Fare et al. (1994:68-75), can be used to study the impact of operation changes and product 

changes on productivity. Management can identify which managerial changes can increase 

productivity effectively and whether such effectiveness differs in different environments 

(Thanassoulis, 1997:262). The Malmquist index is defined by using distance functions. A 

distance function describes a multi-output, multi-input production technology. A behavioural 

objective does not need to be explained, for example, cost minimization or profit maximization 

(Coelli et al., 1998:222). The production technology is characterized by an input distance, by 

looking at a minimal proportional contraction of the input vector. An output distance function 

looks at a maximal proportional expansion of the output vector (Coelli et al., 1998:222). 

The Malmquist TFP index therefore measures the TFP change between two data points. This is 

done by calculating the ratio of the distance of each data point relative to a technology (Coelli et 

al., 1998:223). This index also contains the catch-up and boundary-shift factor. The catch-up 
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factor measures how much closer the unit is to the period 2 boundary relative to the period 1 

boundary. The distance between the two boundaries, at the output mixes of the operating unit at 

the two periods, is reflected by the boundary shift (Thanassoulis, 1997:256). Figure 4.12 

illustrates the branch's input and output before and after the changes. Period 1 is the period 

before the change and period 2 is the period after the change. For example, if a branch was 

operating at point F during period 1 and at point G during period 2, by measuring the DEA 

efficiencies of the branch at point F and at point G, their respective ratios will reveal the change 

in the branch's productivity between the two periods (Thanassoulis 1997:256). 

Figure 4.12: Illustrating the catch-up and boundary-shift factor 

Period 2 
Boundary 

2 4 6 
Output 1 

Source: Thanassoulis (1999:10). 

10 

Fare et al. (1994:70) showed that the Malmquist output-orientated TFP index change between 

period (s) (defined as the base period) and period (t), and can be illustrated by the following 

equation: 
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m0(y. s'xs>yt>xt)' 
do(ys,*s) d'0(ys,xs) 

1/2 

(4.12) 

Notation d^(xt,yt) represents the distance from the period (t) to the period (s) technology. If the 

value of m0 is greater than one then it indicate a positive TFP growth from period (s) to period 

(t), while a value less than one indicates a TFP decline (Coelli et al., 1998:223). 

Equation 4.12 is the geometric mean of two TFP measures. The first TFP period is evaluated 

with respect to period (s) technology and the second TFP period with respect to period (t) 

technology (Coelli et al., 1998:223). Fare et al. (2004:1734-1735) stated that both these 

periods/indices, (t) and (s), are only equivalent if the technology is Hicks output neutral. In other 

words, the distance functions may be presented as d'0(x,y) = A(t)d0(x,y) for all the (t) values. 

Equation 4.12 can be divided into two other equations: 

Efficiency change = d°(y"x'^ 
<(ys,xs) 

(4.13) 

Technical change = 
ds

0(yt,xt) ,d;(ys,xs) 
d'o(y„xt) d'0(ys,xs) 

1/2 

(4.14) 

Equation 4.13 and equation 4.14 are illustrated in Figure 4.13. Figure 4.13 exhibits constant 

returns to scale technology with a single input and single output used. Both firms D and E in 

Figure 4.13 operate below the technology in each period. This indicates that there is technical 

inefficiency in both periods (Coelli et al., 1998:224). Diewert (1992:240) suggested an 

alternative to the Malmquist TFP index, the so-called Hicks-Moorsteen 
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TFP index. Coelli et al. (1998:224) stated that it is important which returns to scale properties 

will be chosen in the Malmquist TFP index. Grifell-Tatje and Lovell (1995:171-174) stated that 

using the non-constant returns properties will generate incorrect TFP change measurements. It 

is therefore recommended to use constant returns to scale properties when estimating distance 

functions for the calculation of a Malmquist TFP index (Coelli et al., 1998:224). 

Figure 4.13: The Malmquist productivity periods 

Frontier in period (t) 

Frontier in period (s) 

Source: Coelli ef al. (1998:225). 

4.4.10. Advantages and disadvantages of DEA 

One benefit of DEA is that it is more flexible and does not posit a particular functional form for 

the best-practice banks' cost function (Mester, 1994:9). This technique however does not allow 

for any error in the data, causing banks that's costs have been underestimated to be labelled as 

most efficient and other banks labelled as less efficient in comparison (Mester, 1994:9). Another 
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disadvantage is that DEA claims all deviations from the frontier to be attributed to inefficiency 

(Eisenbeis et a/., 1999:6; Maundos, 1998:194). 

DEA identifies inefficiency in a particular decision-making unit (DMU) by comparing it to a 

similar DMU. An improvement to this technique would be to associate a DMU's performance 

with statistical averages that may not be applicable to that DMU (Avkiran, 1999:207). Another 

problem is that the DMUs classified as efficient are only efficient in relation to the other units in 

the sample. Another unit outside the sample can achieve a higher efficiency than the best-

practice DMU in the sample (Avkiran, 1999:207). In other words, an efficient unit does not 

necessarily produce the maximum output feasible for a given level of input (Miller & Noulas, 

1996:500). Benchmarking branches with the best-practice branch in the sample however, leads 

to less resource intensive audits. This can generate information about how to improve 

productivity (Schaffnit et a/., 1997:271,287). 

Mester (1996:1026-1027) stated that DEA does not take risk factors into account. It is therefore 

assumed that all banks are risk neutral and ignores risk-taking (World Bank, 2005:8). The World 

Bank (2005:8) pointed out that the technical efficiency measure did not take into account the 

loan growth and that it indicated excessive risk-taking instead of increased bank performance. 

DEA is also sensitive to unreliable data. The reclassification of efficient units could lead to the 

recalculation of efficiency scores of the inefficient units (Avkiran, 1999:207). This problem can 

be addressed through stochastic DEA to account for random disturbances (Li, 1998:544; 

Sengupta, 1998:19-23). 

There are also other methods that can be used to measure efficiency. These methods include 

the Stochastic Frontier Analysis (SFA), the thick frontier and the MTFP index. The next two 

sections will briefly describe the SFA and the thick frontier. 
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4.5. Stochastic Frontier Analysis (SFA) 

SFA was developed independently by Aigner et a/. (1977:22-29) and Meeusen and Van den 

Broeck (1977:436-438). Data does not have to be assumed to be measured without error 

(Mester, 1994:9). Banks are labelled as inefficient if their costs are higher than the costs 

predicted for an efficient bank or because of statistical noise (Berger & Mester, 1997:906; 

Mester, 1996:1029). Park and Weber (2006:227) stated that there are two stochastic 

approaches to measuring efficiency, they are the distribution-free approach and the distribution-

specific approach. SFA also includes both standard profit efficiency, alternative profit efficiency 

and cost efficiency (Berger & Mester, 1997:905). The drawback of SFA compared with DEA is 

that SFA requires the researcher to make more assumptions about the form of the frontier and 

the errors, making the cost frontier therefore less flexible (Berger & Humphrey, 1991:119-120; 

Mester, 1994:10). 

4.6. The thick frontier 

The thick frontier uses both elements of DEA and SFA (Berger & Humphrey, 1991:121-122). 

The thick frontier assumes that deviations of actual cost from predicted cost are caused by the 

random error or by X-inefficiency (Berger & Humphrey, 1997:11). Its uses accounting cost ratios 

to separate banks into low cost and high cost groups. A cost function is then developed for each 

group. Cost inefficiency is measured by the difference between the two cost functions (De 

Young, 1997:25). One benefit of the thick frontier is that it requires less statistical assumptions 

(Berger & Humphrey, 1991:122). This approach is however impractical, because it estimates 

cost inefficiency for the banking industry but not for individual banks (De Young, 1997:25; 

Berger & Humphrey, 1997:11). 

Resti (1997:246) stated that different efficiency measurements generate efficiency scores that 

do not differ much from each other. Bauer et a/. (1998:110) stated that parametric methods and 

non-parametric methods are consistent when generating efficiency scores. However, parametric 
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and non-parametric methods are not consistent with one another (Bauer et al., 1998:110). 

Eisenbeis et al. (1999:3) stated that efficiency scores from SFA and DEA are also not the same. 

Hjalmarsson et al. (1996:321) stated that DEA, SFA and the thick frontier generate different 

efficiency estimates. In the next section efficiency scores are discussed. 

4.7. Efficiency scores 

Schaffnit et al. (1997:284) stated that efficiency scores can be helpful in exploring effects and 

causes of performance. Efficiency scores can also be used to investigate which factors, not 

outputs or inputs, explain the level of performance. Berg et al. (1991:138-140) stated that 

efficiency scores are also sensitive to changes in the sample size. The rankings of branches 

within the sub-sample will change when the total sample size expands. Bauer et al. (1998:87-

88) proposed a set of conditions that would make it possible for efficiency estimates, generated 

from different efficiency measurements, to correspond with one another. They are: 

• The efficiency scores generated should have comparable standard deviations, means 

and other distributional properties. 

• The different efficiency measurements should rank organizations in approximately the 

same order. 

• The different efficiency measurements should identify the same organizations as the 

best-practice or worse-practice. 

• All the efficiency measurements should demonstrate reasonable stability over time. In 

other words, consistently identify the same organizations as efficient or inefficient. 

• The efficiency scores generated by the different measurements should be consistent 

with competitive conditions in the market. 

• The measured efficiencies from all the efficiency measurements should be consistent 

with standard non-frontier performance measures, for example, the ROA. However, 
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standard non-frontier performance measures fail to be effective in differentiated markets. 

Mlima and Hjalmarsson (2002:14) stated that the following limitations of the proposed 

conditions are: 

• A non-parametric approach, such as DEA, does not require price data and it can also be 

performed using cross-section data. 

• It is difficult to define inputs and outputs in the banking industry. Berg et al. (1991:134-

135) found that efficiency scores are highly depended on the choice of inputs and 

outputs. 

4.8. Summary 

Average cost functions were first used to measure inputs and outputs. The average cost 

function relates the bank's cost to its output levels and input prices. It was recognized that there 

might have been unpredicted factors that affected a bank's cost over the period when data were 

collected. There was also the possibility that the data were measured with error. A new 

technique was therefore required, to estimate the best-practice cost function that predicted the 

cost function of banks that were X-efficient. The required technique also had to measure the 

degree of inefficiency relative to best-practice. The common methodologies developed were the 

Data Envelopment Analysis (DEA), the Stochastic Frontier Analysis (SFA), the thick frontier and 

the MTFP index. 

DEA was chosen as the most appropriate method, because it is a powerful tool for service 

businesses; DEA helps to identify best-practice in complex service operations and because of 

the flexibility of DEA. DEA involves the solving of linear programming problems that generate a 

non-parametric, piecewise linear convex frontier. DEA envelops the input and 
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output data relative to which cost is minimized. In other words, DEA measures the relative 

efficiency or productivity in terms of inputs and outputs that were selected by the management. 

The factors that influence the DEA model were also discussed. These factors included the 

following: input- and output-orientation (section 4.4.1 and section 4.4.2) and slacks (section 

4.4.3); if the organization exhibited constant returns to scale (section 4.4.4) or variable returns 

to scale properties (section 4.4.5); if the organization were focused on cost minimization or profit 

maximization (section 4.4.6); and environmental factors (section 4.4.7) and congestion (section 

4.4.8). 

This chapter also discussed the Malmquist index (section 4.4.9) and the advantages and 

disadvantages of DEA (section 4.4.10). Other efficiency measurements were briefly discussed 

in section 4.5 and 4.6. Efficiency scores were also discussed in section 4.7. 

The next chapter involves DEA analyses of a South African bank. Scale efficiency and technical 

efficiency of different branches of this bank will be measured. The intermediation approach was 

chosen as the most appropriate approach for specifying outputs and inputs. Both the input-

orientated and output-orientated approaches were used. The variable returns to scale model 

was also used. 
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Chapter 5: Analyzing the efficiency of a South African Bank 

5.1. Introduction 

The DEA method was used in this chapter to estimate efficiency of one of the largest banks in 

South Africa. The lack of data about each individual branch led to the use of districts. Data from 

37 districts were collected covering a period of 22 months. Scale efficiency and technical 

efficiency of each district will be estimated for the period from July 2005 to April 2007. The 

DEAP (version 2.1) program developed by Coelli (1998) will be used to measure both scale 

efficiency and technical efficiency. The intermediation approach was chosen as the most 

appropriate approach and this approach will be used for both input- and output-orientation. The 

variable returns to scale approach was used, because it has fewer restrictions than constant 

returns to scale (Van der Westhuizen, 2006:9). Section 5.2 describes the intermediation 

approach and why it was chosen. Section 5.3 shows the efficiency estimates for each district 

over the 22 month period. The 37 districts were also grouped into 10 provinces. Efficiency 

analyses were done on these provinces to determine whether there is any synergy when the 

data from a number of districts are aggregated (section 5.3). 

5.2. The intermediation approach 

To define inputs and outputs in the banking industry may be the greatest problem associated 

with efficiency measurement (Mlima & Hjalmarsson, 2002:12). With the multi-product nature of a 

banking firm there is still no agreement as to the definition and measurement of a bank's inputs 

and outputs (Girardone et a/., 2004:217). As stated in section 3.4.1.2, Berger and Humphrey 

(1997:34) pointed out that the intermediation approach is the most appropriate approach for 

evaluating the entire financial institution. The reason is because this approach includes interest 

expenses, which account for up to two-thirds of total costs. Molyneux et al. (1996:152) and 

Mester (1996:1033-1034) stated that the intermediation approach is used because it views 

financial institutions as mediators between the supply of and the demand for funds. Elyasiani 
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and Mehdian (1990:543) also stated that the intermediation approach is preferred because the 

quality of data benefits the intermediation approach. 

There were numerous debates about deposits, whether deposits should be classified as an 

input or an output (Resti, 1997:224). Elyasiani and Mehdian (1990:543) stated that deposits are 

better categorized as inputs than as outputs. The reason is that banks buy deposits rather than 

sell them. Another reason is that deposits are used with other funds to make investments and 

loans (Elyasiani & Mehdian, 1990:543). 

The following inputs and outputs were used to analyze the 37 districts and the 10 provinces: 

Inputs Outputs 
• Deposits 

• Interest expenses 

• Non-interest expenses 

• Total loans 

• Interest income 

• Non-interest income 

Interest expenses include cost of funds (COF) charges, which are interest the branch must pay 

for loans. Non-interest expenses include operating expenses, labour and fixed asset costs. 

Operating expenses include maintenance costs and service level agreement (SLA) 

expenditures. SLA expenditures are for example cost for moving money from one branch to 

another. Total loans include mortgage loans, agricultural loans, business loans, commercial 

loans and consumer loans. Non-interest income includes sales commission and other non-

interest income. 

Yue (1992:36) and Kao and Liu (2004:2355) included deposits and non-interest expenses as 

inputs. Rangan et a/. (1988:172) included labour as an input. Yue (1992:36) stated that non-

interest expenses include taxes, salary expenses associated with premises and fixed assets 

and other expenses. Yue (1992:36) also stated that these measures represent the bank's 

capital, labour and operational cost. Berger and Humphrey (1997:34) and Elyasiani and 
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Mehdian (1990:543) stated that to leave interest expenses out of the model can distort the 

empirical results, because it accounts for up to two-thirds of total costs. Both Kao and Liu 

(2004:2355), Wheelock and Wilson (1995:693), Favero and Papi (1995:390), Kaparakis et al. 

(1994:884), Rangan et al. (1988:172) and Yue (1992:36) used total loans as an output under 

the intermediation approach. Yue (1992:36) and Kao and Liu (2004:2355) included interest 

income as an output. Kaparakis et al. (1994:884), Favero and Papi (1995:390), Yue (1992:36) 

and Kao and Liu (2004:2355) included non-interest income as an output. 

5.3. Efficiency estimates 

The efficiency estimates of all 37 districts and 10 provinces are available from the author. Only 

a number of results will be presented in this dissertation. Each table represents a broad 

spectrum of results, namely the maximums, the minimums and the averages. 

Table 5.1 presents the efficiency estimates for district 2. The input-orientated technical 

efficiency for district 2 ranged from 64.8% to 78.7%, with an average of 72.9%. District 2 was 

not at any one time fully technically efficient during the 22 months. The efficiency estimates from 

table 5.1 indicated that on average, district 2 could increase its technical efficiency by 27.1% 

(100% - mean) by changing its input levels. The output-orientated efficiency estimates ranged 

from 67.8% to 88.3%, with an average of 81.2%. District 2 was not at any one time fully 

technically efficient during the 22 months. The efficiency estimates indicated that on average, 

district 2 could increase its technical efficiency by 18.8% by utilizing its inputs more efficiently. 

There was not one occasion during the 22 months where district 2 was operating at the optimal 

scale. District 2 was operating at increasing returns to scale for 9 months (input-orientated), 

indicating that the district was operating at a scale that was too small. District 2 was also 

operating at decreasing returns to scale for 13 months, indicating that the district was operating 

123 



CHAPTER 5 
ANALYZING THE EFFICIENCY OF A SOUTH AFRICAN BANK 

at a scale that was too large. The average scale efficiency was 98.7%, indicating that the district 

could improve its scale efficiency by 1.3% by changing the scale of its operations. 

From table 5.1 it is shown that district 2 (output-orientated) was operating at decreasing returns 

to scale for the entire 22 months, indicating that the district was operating at a scale that was 

too large. The average scale efficiency was 88.8%, meaning that the district could improve its 

scale efficiency by 11.2% by scaling down its operations. 
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Table 5.1: Efficiencv estimates for district 2 

Period 

Technical 
efficiency 

(TE) 
Input-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

Technical 
efficiency 

(TE) 
Output-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

1 0.648 0.969 irs 0.678 0.926 drs 

2 0.658 0.957 irs 0.697 0.904 drs 

3 0.661 0.965 irs 0.703 0.908 drs 

4 0.693 0.974 irs 0.739 0.914 drs 

5 0.694 0.994 irs 0.774 0.891 drs 

6 0.751 0.996 drs 0.849 0.881 drs 

7 0.692 0.984 irs 0.767 0.887 drs 

8 0.709 0.986 irs 0.796 0.879 drs 

9 0.737 0.997 irs 0.833 0.881 drs 

10 0.714 0.994 irs 0.810 0.876 drs 

11 0.763 0.996 drs 0.855 0.889 drs 

12 0.752 0.996 drs 0.864 0.866 drs 

13 0.739 0.998 drs 0.831 0.887 drs 

14 0.747 0.992 drs 0.869 0.853 drs 

15 0.763 0.990 drs 0.864 0.875 drs 

16 0.776 0.988 drs 0.859 0.893 drs 

17 0.742 0.991 drs 0.845 0.871 drs 

18 0.782 0.987 drs 0.883 0.874 drs 

19 0.772 0.998 drs 0.846 0.910 drs 

20 0.699 0.996 drs 0.816 0.853 drs 

21 0.787 0.987 drs 0.867 0.895 drs 

22 0.759 0.989 drs 0.815 0.922 drs 

Mean 0.729 0.987 0.812 0.888 

Min 0.648 0.957 0.678 0.853 

Max 0.787 0.998 0.883 0.926 

125 



CHAPTER 5 
ANALYZING THE EFFICIENCY OF A SOUTH AFRICAN BANK 

Table 5.2 presents the efficiency estimates for district 4. The input-orientated technical 

efficiency of district 4 ranged from 91.6% to 100%, with an average of 96.8%. District 4 was 5 

times fully technically efficient during the 22 months, during the 9th, 11th, 12th, 20th and 21s t 

month. The efficiency estimates from table 5.2 indicate that, on average, district 4 can increase 

its technical efficiency by 3.2% by changing its input levels and by changing its input mix. 

The output-orientated technical efficiency estimates ranged from 89.5% to 100%, with an 

average of 96.3%. District 4 was 5 times fully technically efficient during the 22 months, during 

the 9th, 11th, 12th, 20th and 21st months. The efficiency estimates indicated that on average, 

district 4 could increase its outputs by 3.7% without increasing its input levels, but by utilizing 

them more efficiently. 

The scale efficiency estimates show that district 4 was 4 times operating at the optimal scale, 

during the 9th, 11th, 20th and 21st month (input-orientated). The scale efficiency estimates also 

show that district 4 was 4 times operating at the optimal scale, during the 9th, 11th, 20th and 21st 

month (output-orientated). District 4 was operating at increasing returns to scale for 15 months 

(input-orientated), indicating that the district was operating at a scale that was too small. District 

4 was also operating at decreasing returns to scale for 3 months, indicating that the district was 

operating at a scale that was too large. The average scale efficiency was 98.7%. 

District 4 showed (output-orientated) that branches were operating at increasing returns to scale 

for 8 months. Indicating that the district was operating at a scale that was too small. District 4 

was also operating at decreasing returns to scale for 9 months. Indicating that the district was 

operating at a scale that was too large. The average scale efficiency was 99.3%. 
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Table 5.2: Efficiency estimates for district 4 

Period 

Technical 
efficiency 

(TE) 
Input-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

Technical 
efficiency 

(TE) 
Output-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

1 0.997 0.979 irs 0.995 0.980 irs 

2 0.916 0.975 irs 0.895 0.998 drs 

3 0.945 0.980 irs 0.927 0.999 drs 

4 0.934 0.984 irs 0.921 0.997 drs 

5 0.982 0.988 drs 0.986 0.984 drs 

6 0.932 0.975 irs 0.916 0.993 irs 

7 0.932 0.978 irs 0.916 0.994 irs 

8 0.986 0.994 drs 0.989 0.991 drs 

9 1.000 1.000 _ 1.000 1.000 _ 

10 0.998 0.989 irs 0.997 0.990 irs 

11 1.000 1.000 _ 1.000 1.000 _ 

12 1.000 0.998 drs 1.000 0.998 drs 

13 0.991 0.976 irs 0.986 0.982 irs 

14 0.972 0.982 irs 0.963 0.991 irs 

15 0.926 0.983 irs 0.912 0.998 drs 

16 0.955 0.987 irs 0.946 0.996 irs 

17 0.953 0.988 irs 0.942 0.999 _ 

18 0.936 0.990 irs 0.928 0.999 drs 

19 0.978 0.978 irs 0.969 0.987 irs 

20 1.000 1.000 _ 1.000 1.000 _ 

21 1.000 1.000 _ 1.000 1.000 _ 

22 0.963 0.997 irs 0.988 0.972 drs 

Mean 0.968 0.987 0.963 0.993 

Min 0.916 0.975 0.895 0.972 

Max 1.000 1.000 1.000 1.000 
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Table 5.3 presents the efficiency estimates for district 12. The input-orientated technical 

efficiency of district 12 ranged from 80% to 94.2%, with an average of 85.2%. District 12 was 

not at any one time fully technically efficient during the 22 months. The efficiency estimates from 

table 5.3 indicated that on average, district 12 could improve its technical efficiency by 14.8% 

without reducing its outputs. 

The output-orientated technical efficiency estimates ranged from 77.5% to 94.9%, with an 

average of 85.4%. District 12 was not at any one time fully technically efficient during the 22 

months. The efficiency estimates indicated that on average, district 12 could increase its 

technical efficiency by 14.6% by better utilizing its inputs, without any increase in inputs. 

The scale efficiency estimates show that district 12 operated 1 time at optimal scale, during the 

10th month (input-orientated). The scale efficiency estimates also show that district 12 was not 

any one time operating at optimal scale during the 22 months (output-orientated). District 12 

was operating at increasing returns to scale for 8 months (input-orientated), indicating that the 

branches were operating on a scale that was too small. District 12 was also operating at 

decreasing returns to scale for 13 months, indicating that braches were operating on a scale 

that was too large. The average scale efficiency was 99%. 

District 12 showed (output-orientated) that branches were operating at decreasing returns to 

scale for 22 months, indicating that branches were operating on a scale that was too large. The 

average scale efficiency was 98.8%, which means that scale efficiency can be improved by 

1.2% if the district operates at the correct size. 
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Table 5.3: Efficiency estimates for district 12 

Period 

Technical 
efficiency 

(TE) 
Input-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

Technical 
efficiency 

(TE) 
Output-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

1 0.826 0.967 irs 0.800 0.999 drs 

2 0.821 0.972 irs 0.800 0.997 drs 

3 0.805 0.961 irs 0.775 0.999 drs 

4 0.819 0.972 irs 0.799 0.997 drs 

5 0.818 0.976 irs 0.803 0.995 drs 

6 0.859 0.998 drs 0.880 0.974 drs 

7 0.825 0.998 irs 0.832 0.990 drs 

8 0.800 0.981 irs 0.804 0.976 drs 

9 0.863 0.996 irs 0.864 0.995 drs 

10 0.814 1.000 _ 0.822 0.990 drs 

11 0.857 0.998 drs 0.866 0.988 drs 

12 0.842 0.999 drs 0.856 0.982 drs 

13 0.862 0.999 drs 0.868 0.992 drs 

14 0.859 0.994 drs 0.875 0.976 drs 

15 0.836 0.998 drs 0.848 0.984 drs 

16 0.882 0.998 drs 0.889 0.990 drs 

17 0.853 0.997 drs 0.864 0.985 drs 

18 0.942 0.988 drs 0.949 0.982 drs 

19 0.913 0.994 drs 0.916 0.991 drs 

20 0.825 0.997 drs 0.842 0.977 drs 

21 0.925 0.993 drs 0.934 0.984 drs 

22 0.889 0.993 drs 0.896 0.986 drs 

Mean 0.852 0.990 0.854 0.988 

Min 0.800 0.961 0.775 0.974 

Max 0.942 1.000 0.949 0.999 
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Table 5.4 presents the efficiency estimates for district 13. The input-orientated technical 

efficiency of district 13 ranged from 77.4% to 94.4%, with an average of 83.8%. District 13 was 

not at any one time fully technically efficient during the 22 months. The efficiency estimates from 

table 5.4 indicated that on average, district 13 could improve its technical efficiency by 16.2% 

without reducing its outputs. 

The output-orientated technical efficiency estimates ranged from 71.3% to 94.5%, with an 

average of 81%. District 13 was not at any one time fully technically efficient during the 22 

months. The efficiency estimates indicated that on average, district 13 could increase its 

technical efficiency by 19% by better utilizing its inputs, without any increase in inputs. 

The scale efficiency estimates show that district 13 operated only at optimal scale during the 

19th month (input-orientated). The scale efficiency estimates also show that district 13 operated 

6 times at optimal scale, during the 2nd, 4th, 5th, 6th, 8th and 17th months (output-orientated). 

District 13 was operating at increasing returns to scale for 18 months (input-orientated), 

indicating that the district was operating at a scale that was too small. District 13 was also 

operating at decreasing returns to scale for 3 months. Indicating that the district was operating 

at a scale that was too large. The average scale efficiency was 96.2%. 

District 13 showed (output-orientated) that branches were operating at increasing returns to 

scale for 4 months. Indicating that the district was operating at a scale that was too small. 

District 13 was also operating at decreasing returns to scale for 10 months, indicating that the 

district was operating at a scale that was too large. The average scale efficiency was 99.7%. 
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Table 5.4: Efficiency estimates for district 13 

Period 

Technical 
efficiency 

(TE) 
Input-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

Technical 
efficiency 

(TE) 
Output-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

1 0.791 0.925 irs 0.739 0.991 irs 

2 0.775 0.944 irs 0.732 1.000 _ 

3 0.774 0.918 irs 0.713 0.997 irs 

4 0.780 0.942 irs 0.735 1.000 _ 

5 0.796 0.928 irs 0.739 1.000 _ 

6 0.851 0.955 irs 0.813 1.000 . 

7 0.800 0.955 irs 0.766 0.998 drs 

8 0.787 0.913 irs 0.718 1.000 _ 

9 0.817 0.959 irs 0.784 0.999 drs 

10 0.813 0.941 irs 0.766 0.999 _ 

11 0.801 0.968 irs 0.777 0.998 drs 

12 0.790 0.967 irs 0.766 0.996 drs 

13 0.863 0.945 irs 0.826 0.988 irs 

14 0.855 0.979 irs 0.839 0.998 drs 

15 0.875 0.965 irs 0.848 0.996 irs 

16 0.897 0.982 irs 0.881 0.999 « 

17 0.888 0.979 irs 0.870 1.000 _ 

18 0.922 0.999 drs 0.924 0.996 drs 

19 0.899 1.000 _ 0.902 0.997 drs 

20 0.836 0.994 irs 0.835 0.995 drs 

21 0.944 0.999 drs 0.945 0.997 drs 

22 0.891 0.997 drs 0.895 0.993 drs 

Mean 0.838 0.962 0.810 0.997 

Min 0.774 0.913 0.713 0.988 

Max 0.944 1.000 0.945 1.000 
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Table 5.5 presents the efficiency estimates for district 25. The input-orientated technical 

efficiency of district 25 ranged from 89.9% to 100%, with an average of 96.5%. District 25 was 4 

times fully technically efficient, during the 1st, 2nd, 9th and 11th months. The efficiency estimates 

from table 5.5 indicated that on average, district 25 could change the level and mix of its inputs 

by 3.5% without reducing its outputs. 

The output-orientated technical efficiency estimates ranged from 83.3% to 100%, with an 

average of 93.5%. District 25 was 4 times fully technically efficient, during the 1st, 2nd, 9th and 

11th month. The efficiency estimates indicated that on average, district 25 could increase its 

outputs by 6.5% by better utilizing its inputs, without increasing its inputs. 

The scale efficiency estimates show that district 25 was not at any one time operating at optimal 

scale during the 22 months, both under input- and output-orientation. District 25 operated at 

increasing returns to scale for 22 months (input-orientated and output-orientated). This means 

that the district was operating at a scale that was too small. The average scale efficiency was 

83.1% for input-orientation and 85.8% for output-orientation. 
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Table 5.5: Efficiency estimates for district 25 

Period 

Technical 
efficiency 

(TE) 
Input-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

Technical 
efficiency 

(TE) 
Output-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

1 1.000 0.767 irs 1.000 0.767 irs 

2 1.000 0.782 irs 1.000 0.782 irs 

3 0.995 0.769 irs 0.981 0.781 irs 

4 0.991 0.787 irs 0.976 0.798 irs 

5 0.991 0.815 irs 0.979 0.825 irs 

6 0.970 0.838 irs 0.931 0.873 irs 

7 0.973 0.791 irs 0.914 0.842 irs 

8 0.979 0.809 irs 0.942 0.841 irs 

9 1.000 0.828 irs 1.000 0.828 irs 

10 0.971 0.803 irs 0.931 0.837 irs 

11 1.000 0.840 irs 1.000 0.840 irs 

12 0.956 0.861 irs 0.922 0.893 irs 

13 0.959 0.826 irs 0.916 0.865 irs 

14 0.937 0.855 irs 0.887 0.903 irs 

15 0.937 0.851 irs 0.898 0.888 irs 

16 0.972 0.853 irs 0.947 0.875 irs 

17 0.913 0.871 irs 0.873 0.910 irs 

18 0.952 0.885 irs 0.931 0.905 irs 

19 0.952 0.867 irs 0.912 0.905 irs 

20 0.899 0.831 irs 0.833 0.897 irs 

21 0.956 0.887 irs 0.934 0.908 irs 

22 0.918 0.863 irs 0.872 0.909 irs 

Mean 0.965 0.831 0.935 0.858 

Min 0.899 0.767 0.833 0.767 

Max 1.000 0.887 1.000 0.910 
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Table 5.6 presents the efficiency estimates for district 26. The input-orientated technical 

efficiency of district 26 ranged from 94.9% to 100%, with an average of 98.9%. District 26 was 

13 times fully technically efficient, during the 1st, 2nd, 4th to 9th, 11th, 13th, 16th, 19th and 21st 

months. The efficiency estimates from table 5.6 indicate that, on average, district 26 could 

improve its technical efficiency by 1.1% by changing its input levels and input mix and still 

produce the same output. 

The output-orientated technical efficiency estimates ranged from 92.1% to 100%, with an 

average of 98.2%. District 26 was 13 times fully technically efficient, during the 1st, 2nd, 4th to 9th, 

11th, 13th, 16th, 19th and 21st months. The efficiency estimates indicate that, on average, district 

26 could increase its outputs by 1.8% by better utilizing its inputs and changing its input mix. 

The scale efficiency estimates show that district 26 was not at any one time operating at the 

optimal scale during the 22 months, both under input- and output-orientation. District 26 

operated at increasing returns to scale for 22 months (input-orientated and output-orientated), 

indicating that the district was operating at a scale that was too small. The average scale 

efficiency was 86.6% for input-orientation and 87.3% for output-orientation. 
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Table 5.6: Efficiencv estimates for district 26 

Period 

Technical 
efficiency 

(TE) 
Input-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

Technical 
efficiency 

(TE) 
Output-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

1 1.000 0.824 irs 1.000 0.824 irs 

2 1.000 0.845 irs 1.000 0.845 irs 

3 0.990 0.832 irs 0.974 0.845 irs 

4 1.000 0.857 irs 1.000 0.857 irs 

5 1.000 0.874 irs 1.000 0.874 irs 

6 1.000 0.878 irs 1.000 0.878 irs 

7 1.000 0.865 irs 1.000 0.865 irs 

8 1.000 0.858 irs 1.000 0.858 irs 

9 1.000 0.875 irs 1.000 0.875 irs 

10 0.971 0.822 irs 0.939 0.850 irs 

11 1.000 0.825 irs 1.000 0.825 irs 

12 0.949 0.874 irs 0.926 0.896 irs 

13 1.000 0.837 irs 1.000 0.837 irs 

14 0.962 0.880 irs 0.946 0.894 irs 

15 0.996 0.858 irs 0.992 0.861 irs 

16 1.000 0.890 irs 1.000 0.890 irs 

17 0.961 0.882 irs 0.942 0.899 irs 

18 0.993 0.915 irs 0.990 0.918 irs 

19 1.000 0.902 irs 1.000 0.902 irs 

20 0.954 0.867 irs 0.921 0.898 irs 

21 1.000 0.920 irs 1.000 0.920 irs 

22 0.979 0.872 irs 0.963 0.887 irs 

Mean 0.989 0.866 0.982 0.873 

Min 0.949 0.822 0.921 0.824 

Max 1.000 0.920 1.000 0.920 
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Table 5.7 presents the efficiency estimates for district 31. The input-orientated technical 

efficiency of district 31 ranged from 89.4% to 100%, with an average of 96.5%. District 31 was 6 

times fully technically efficient, during the 1st, 5th, 8th, 11th, 16th and 21st months. The efficiency 

estimates from table 5.7 indicate that, on average, district 31 could improve its technical 

efficiency by 3.5% by changing the level and mix of its inputs. 

The output-orientated technical efficiency estimates ranged from 87.9% to 100%, with an 

average of 96%. District 31 was 6 times fully technically efficient, during the 1st, 5th, 8th, 11th, 16th 

and 21st month. The efficiency estimates indicated that on average, district 31 could increase its 

outputs by 4% without increasing its inputs, but by better utilizing its inputs and changing its 

input mix. 

The scale efficiency estimates show that district 31 was 6 times operating at the optimal scale, 

during the 5th, 11th, 12th, 16th, 21st and 22nd months (input-orientated). District 31 was operating 

also at optimal scale during the 5th, 10th, 11th, 12th, 16th and 21st month (output-orientated). 

District 31 operated at increasing returns to scale for 14 months and decreasing returns to scale 

for 2 months (input-orientated). This means that for 14 months the district was operating at a 

scale that was too small and for 2 months at a scale that was too large. The average scale 

efficiency was 98.3% for input-orientation and 98.8% for output-orientation. 

District 31 showed (output-orientated) that branches were operating at increasing returns to 

scale for 10 month and decreasing returns to scale for 5 months. This means that for 10 months 

the district was operating at a scale that was too small and for 5 months at a scale that was too 

large. 
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Table 5.7: Efficiency estimates for district 31 

Period 

Technical 
efficiency 

(TE) 
Input-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

Technical 
efficiency 

(TE) 
Output-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

1 1.000 0.961 irs 1.000 0.961 irs 

2 0.985 0.963 irs 0.981 0.967 irs 

3 0.985 0.955 irs 0.970 0.970 irs 

4 0.965 0.966 irs 0.954 0.978 irs 

5 1.000 1.000 _ 1.000 1.000 _ 

6 0.984 0.990 irs 0.982 0.992 irs 

7 0.911 0.938 irs 0.885 0.967 irs 

8 1.000 0.950 irs 1.000 0.950 irs 

9 0.979 0.999 drs 0.980 0.998 drs 

10 0.931 0.993 irs 0.925 1.000 _ 

11 1.000 1.000 _ 1.000 1.000 _ 

12 0.969 1.000 _ 0.969 1.000 _ 

13 0.894 0.982 irs 0.879 0.999 irs 

14 0.924 0.989 irs 0.915 0.999 _ 

15 0.948 0.976 irs 0.929 0.995 irs 

16 1.000 1.000 _ 1.000 1.000 _ 

17 0.949 0.998 irs 0.951 0.995 drs 

18 0.964 0.999 drs 0.971 0.991 drs 

19 0.977 0.991 irs 0.971 0.997 irs 

20 0.909 0.973 irs 0.888 0.995 drs 

21 1.000 1.000 _ 1.000 1.000 . 

22 0.962 1.000 . 0.971 0.991 drs 

Mean 0.965 0.983 0.960 0.988 

Min 0.894 0.938 0.879 0.950 

Max 1.000 1.000 1.000 1.000 
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Table 5.8 presents the efficiency estimates for district 34. The input-orientated technical 

efficiency of district 34 ranged from 66.6% to 87.6%, with an average of.76.3%. District 34 was 

not at any one time fully technically efficient during the 22 months. The efficiency estimates from 

table 5.8 indicated that on average, district 34 could improve its technical efficiency by 23.7% 

without reducing the level of outputs. 

The output-orientated technical efficiency estimates ranged from 50.9% to 70.9%, with an 

average of 62.4%. District 34 was not at any one time fully technically efficient during the 22 

months. The efficiency estimates indicated that on average, district 34 could increase its 

technical efficiency by 37.6% without increasing its inputs. 

The scale efficiency estimates show that district 34 was at not one time operating at optimal 

scale during the 22 months (input-orientated). District 34 operated at optimal scale during the 

19th month (output-orientated). District 34 operated at increasing returns to scale for 22 months 

(input-orientated), indicating that the district was operating at a scale that was too small. The 

average scale efficiency was 79.7%. 

Table 5.8 showed that district 34 was operating at increasing returns to scale for 15 months and 

at decreasing returns to scale for 6 months (output-orientated). This means that for 15 months 

the district was operating at a scale that was too small and for 6 months at a scale that was too 

large. The average scale efficiency was 97.1%. 
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Table 5.8: Efficiency estimates for district 34 

Period 

Technical 
efficiency 

(TE) 
Input-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

Technical 
efficiency 

(TE) 
Output-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

1 0.876 0.654 irs 0.688 0.833 irs 

2 0.777 0.697 irs 0.586 0.924 irs 

3 0.831 0.661 irs 0.621 0.884 irs 

4 0.829 0.714 irs 0.655 0.903 irs 

5 0.717 0.777 irs 0.568 0.980 irs 

6 0.753 0.825 irs 0.630 0.986 irs 

7 0.808 0.747 irs 0.621 0.972 irs 

8 0.682 0.742 irs 0.509 0.995 irs 

9 0.762 0.771 irs 0.596 0.986 irs 

10 0.788 0.745 irs 0.600 0.977 irs 

11 0.741 0.786 irs 0.588 0.990 irs 

12 0.745 0.772 irs 0.582 0.989 irs 

13 0.801 0.766 irs 0.634 0.968 irs 

14 0.666 0.863 irs 0.578 0.994 drs 

15 0.699 0.865 irs 0.608 0.995 drs 

16 0.768 0.830 irs 0.640 0.997 irs 

17 0.739 0.856 irs 0.634 0.998 drs 

18 0.756 0.924 irs 0.700 0.997 drs 

19 0.775 0.884 irs 0.685 1.000 _ 

20 0.726 0.847 irs 0.616 0.998 drs 

21 0.761 0.927 irs 0.708 0.997 drs 

22 0.786 0.875 irs 0.689 0.999 irs 

Mean 0.763 0.797 0.624 0.971 

Min 0.666 0.654 0.509 0.833 

Max 0.876 0.927 0.708 1.000 
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The next analyses were used to determine if synergy is present in the 10 provinces into which 

the 37 districts are grouped into. Synergy refers to the phenomenon where individuals, acting as 

a group, create a greater affect than the sum of the separate individuals (Anon, 2006c: 1). In 

other words, do branches generate a greater efficiency estimate as a group (province) than as a 

district? If the efficiency scores of the provinces are higher than the average efficiency scores of 

the districts then synergy is present. The 37 districts are grouped into the following 10 

provinces: 

Table 5.9: Districts and provinces 

District Province 
District 1-3 Province 1 

District 4-6 Province 2 

District 7-12 Province 3 

District 13-15 Province 4 

District 16-20 Province 5 

District 21-22 Province 6 

District 23-24 Province 7 

District 25-26 Province 8 

District 27-31 Province 9 

District 32-37 Province 10 

The inputs and outputs of the districts were aggregated as indicated in table 5.9. Synergy was 

found in provinces 2, 6, 7, 8 and 9 (input- and output-orientated). Synergy was also present in 

province 1, but only under the output-orientated approach. The efficiency estimates for province 

2, 6 and 9 will follow with an interpretation of each of them. Because of volume constraints all 

10 provinces' efficiency estimates are not presented in this dissertation. The efficiency 

estimates of all 10 provinces are available from the author. 
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Table 5.10 presents the efficiency estimates for province 2. The input-orientated technical 

efficiency of province 2 ranged from 93.2% to 100%, with an average of 98.6%. Province 2 was 

fully technically efficient during the 1st, 5th, 10th, 11th, 12th, 15th, 16th, 17th, 20th and 21st months. 

The efficiency estimates from table 5.10 indicated that on average, province 2 could improve its 

technical efficiency by 1.4% by changing its input levels and input mix. 

The output-orientated technical efficiency estimates ranged from 93.1% to 100%, with an 

average of 98.6%. Province 2 was fully technically efficient during the 1st, 5th, 10th, 11th, 12th, 

15th, 16th, 17th, 20th and 21st months. The efficiency estimates indicated that on average, 

province 2 could increase its technical efficiency by 1.4% without increasing its inputs. 

The scale efficiency estimates show that province 2 was operating at the optimal scale during 

the 1st, 5th, 6th, 9th, 11th, 12th, 14th, 15th, 16th, 17th, 20th, 21st and 22nd months (input-orientated). 

Province 2 was also operating at optimal scale during the 1st, 5th, 6th, 7th, 9th, 11th, 12th, 14th, 15th, 

16th, 17th, 20th and 21st months (output-orientated). Province 2 operated at increasing returns to 

scale for 9 months (input-orientated), indicating that the province was operating at a scale that 

was too small. The average scale efficiency was 99.7%. 

Province 2 operated at increasing returns to scale for 8 months (output-orientated), indicating 

that the province was operating at a scale that was too small. Province 2 operated also at 

decreasing returns to scale for 1 month. Indicating that the province was operating at a scale 

that was too large. The average scale efficiency was 99.8%. 
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Table 5.10: Efficiency estimates for province 2 

Period 

Technical 
efficiency 

(TE) 
Input-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

Technical 
efficiency 

(TE) 
Output-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

1 1.000 1.000 _ 1.000 1.000 _ 

2 0.956 0.989 irs 0.952 0.994 irs 

3 0.963 0.993 irs 0.958 0.998 irs 

4 0.977 0.987 irs 0.975 0.990 irs 

5 1.000 1.000 _ 1.000 1.000 _ 

6 0.977 1.000 _ 0.977 1.000 _ 

7 0.932 0.998 irs 0.931 1.000 . 

8 0.988 0.996 irs 0.986 0.998 irs 

9 0.996 1.000 _ 0.996 1.000 _ 

10 1.000 0.993 irs 1.000 0.993 irs 

11 1.000 1.000 _ 1.000 1.000 _ 

12 1.000 1.000 _ 1.000 1.000 _ 

13 0.987 0.988 irs 0.985 0.990 irs 

14 0.975 1.000 _ 0.975 1.000 _ 

15 1.000 1.000 _ 1.000 1.000 _ 

16 1.000 1.000 _ 1.000 1.000 _ 

17 1.000 1.000 _ 1.000 1.000 _ 

18 0.985 0.997 irs 0.984 0.998 irs 

19 0.973 0.998 irs 0.972 0.999 irs 

20 1.000 1.000 _ 1.000 1.000 _ 

21 1.000 1.000 . 1.000 1.000 _ 

22 0.988 1.000 _ 0.992 0.995 drs 

Mean 0.986 0.997 0.986 0.998 

Min 0.932 0.987 0.931 0.990 

Max 1.000 1.000 1.000 1.000 
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Table 5.11 presents the efficiency estimates for province 6. The input-orientated technical 

efficiency of province 6 ranged from 88.8% to 100%, with an average of 95.5%. Province 6 was 

fully technically efficient during the 6th, 9th and 21st months. The efficiency estimates from table 

5.11 indicated that on average, province 6 could improve its technical efficiency by 4.5% by 

changing the input levels and input mix. 

The output-orientated technical efficiency estimates ranged from 87.9% to 100%, with an 

average of 95.3%. Province 6 was fully technically efficient during the 6th, 9th and 21st months. 

The efficiency estimates indicated that on average, province 6 could increase its efficiency by 

4.7% by better utilizing its current inputs. 

The scale efficiency estimates indicate that province 6 was operating at the optimal scale during 

the 6th, 8th, 9th, 11th, 12th, 20th and 21st months (input-orientated) and at the optimal scale during 

the 6th, 8th, 9th, 11th and 21st months (output-orientated). Province 6 operated at increasing 

returns to scale for 13 months and decreasing returns to scale for 2 months (input-orientated). 

This means that for 13 months the province was operating at a scale that was too small and for 

2 months at a scale that was too large. The average scale efficiency was 99.5% for input-

orientation and 99.7% for output-orientation. 

Table 5.11 indicate that province 6 was operating at increasing returns to scale for 13 months, 

indicating that the province was operating at a scale that was too small. Province 6 operated 

also at decreasing returns to scale for 4 months, indicating that the province was operating at a 

scale that was too large. 
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Table 5.11: Efficiency estimates for province 6 

Period 

Technical 
efficiency 

(TE) 
Input-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

Technical 
efficiency 

(TE) 
Output-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

1 0.888 0.981 irs 0.879 0.990 irs 

2 0.898 0.980 irs 0.889 0.990 irs 

3 0.899 0.985 irs 0.889 0.996 irs 

4 0.933 0.991 irs 0.927 0.997 irs 

5 0.956 0.997 irs 0.956 0.998 irs 

6 1.000 1.000 _ 1.000 1.000 _ 

7 0.934 0.995 irs 0.932 0.998 irs 

8 0.947 1.000 _ 0.948 1.000 _ 

9 1.000 1.000 _ 1.000 1.000 _ 

10 0.938 0.999 drs 0.939 0.999 drs 

11 0.996 1.000 _ 0.996 1.000 _ 

12 0.959 1.000 _ 0.960 0.999 drs 

13 0.941 0.997 irs 0.939 0.999 irs 

14 0.963 0.993 irs 0.961 0.995 irs 

15 0.960 0.993 irs 0.958 0.995 irs 

16 0.988 0.993 irs 0.987 0.994 irs 

17 0.954 0.995 irs 0.953 0.997 irs 

18 0.992 0.999 drs 0.992 0.999 drs 

19 0.965 0.997 irs 0.963 0.999 irs 

20 0.914 1.000 _ 0.917 0.997 drs 

21 1.000 1.000 _ 1.000 1.000 . 

22 0.986 0.999 irs 0.985 0.999 irs 

Mean 0.955 0.995 0.953 0.997 

Min 0.888 0.980 0.879 0.990 

Max 1.000 1.000 1.000 1.000 
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Table 5.12 presents the efficiency estimates for province 9. The input-orientated technical 

efficiency of province 9 ranged from 93.2% to 100%, with an average of 98.1%. Province 9 was 

fully technically efficient during the 1st, 4th, 5th, 6th, 11th 12th 16th, 19th, 21st and 22nd months. The 

efficiency estimates from table 5.12 indicated that on average, province 9 could change the 

level and mix of the inputs, and increase its efficiency by 1.9%, without reducing the outputs. 

The output-orientated technical efficiency estimates ranged from 92.3% to 100%, with an 

average of 98%. Province 9 was fully technically efficient during the 1st, 4th, 5th, 6th, 11th, 12th 

16th, 19th, 21st and 22nd months. The efficiency estimates indicated that on average, province 9 

could increase its outputs by 2%, but by better utilizing its inputs. 

The scale efficiency estimates show that province 9 was operating at the optimal scale during 

the 4th, 5th, 6th, 11th, 12th, 16th, 17th, 19th and 21st months (input-orientated). Province 9 was also 

operating at the optimal scale during the 4th, 5th, 6th, 11th, 12th, 14th, 16th, 19th and 21st months 

(output-orientated). Province 9 operated at increasing returns to scale for 10 months (input-

orientated), indicating that the province was operating at a scale that was too small. Province 9 

operated also at decreasing returns to scale for 3 months, indicating that the province was 

operating at a scale that was too large. The average scale efficiency was 99.4% for input-

orientation and 99.5% for output-orientation. 

Province 9 operated at increasing returns to scale for 9 months and at decreasing returns to 

scale for 4 months. Indicating that for 9 months the province was operating at a scale that was 

too small and for 4 months on a scale that was too large. 
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Table 5.12: Efficiency estimates for province 9 

Period 

Technical 
efficiency 

(TE) 
Input-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

Technical I 
efficiency 

(TE) 
Output-

orientated 

Scale 
efficiency 

(SE) 
Return to 

scale 

1 1.000 0.980 irs 1.000 0.980 irs 

2 0.967 0.986 irs 0.961 0.991 irs 

3 0.996 0.988 irs 0.994 0.990 irs 

4 1.000 1.000 _ 1.000 1.000 _ 

5 1.000 1.000 _ 1.000 1.000 _ 

6 1.000 1.000 _ 1.000 1.000 _ 

7 0.932 0.981 irs 0.923 0.990 irs 

8 0.943 0.985 irs 0.934 0.995 irs 

9 0.993 0.995 irs 0.991 0.997 irs 

10 0.944 0.983 irs 0.936 0.992 irs 

11 1.000 1.000 _ 1.000 1.000 _ 

12 1.000 1.000 _ 1.000 1.000 _ 

13 0.958 0.989 irs 0.952 0.995 irs 

14 0.979 0.999 irs 0.978 1.000 _ 

15 0.978 0.995 irs 0.975 0.997 irs 

16 1.000 1.000 _ 1.000 1.000 _ 

17 0.957 1.000 _ 0.959 0.998 drs 

18 0.981 0.999 drs 0.986 0.994 drs 

19 1.000 1.000 _ 1.000 1.000 _ 

20 0.963 0.994 drs 0.976 0.981 drs 

21 1.000 1.000 _ 1.000 1.000 _ 

22 1.000 0.983 drs 1.000 0.983 drs 

Mean 0.981 0.994 0.980 0.995 

Min 0.932 0.980 0.923 0.980 

Max 1.000 1.000 1.000 1.000 
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5.4. Summary 

DEA was used to estimate the technical efficiency and scale efficiency of one of the largest 

banks in South Africa. The estimates were done under variable returns to scale and included 

input- and output-orientation. The intermediation approach was followed to identify the 

appropriate inputs and outputs. Efficiency estimates for 37 districts and 10 provinces over a 

period of 22 months were generated. The DEAP (version 2.1) program developed by Coelli 

(1998) was used. 

Under the input-orientated approach district 2 had the lowest average technical efficiency 

estimate of 72.9% and also had the lowest technical efficiency estimate of 64.8%. District 26 

had the highest average technical efficiency estimate of 98.9% and was the most times (13 

times) fully technically efficient during the 22 months. 18 districts out of the 37 districts were fully 

technically efficient at least once during the 22 months. 19 districts out of the 37 districts were 

never fully technically efficient during the 22 months. 

Under the output-orientated approach district 34 had the lowest average technical efficiency 

estimate of 62.4% and had the lowest technical efficiency estimate of 50.9%. District 26 had the 

highest average technical efficiency estimate of 98.2% and was the most times (13 times) fully 

technically efficient during the 22 months. 18 districts out of the 37 districts were at least once 

fully technically efficient, while 19 districts out of the 37 districts were never fully technically 

efficient during the 22 months. 

Under the input-orientated approach district 12 had the highest average scale efficiency 

estimate of 99%. 20 districts out of the 37 districts were scale efficient at least once. District 31 

was the most times scale efficient (6 times) during the 22 months. District 34 had the lowest 

scale efficiency average of 79.7%. 
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Under the output-orientated approach district 13 had the highest average scale efficiency 

estimate of 99.7%. District 25 had the lowest average scale efficiency of 85.8%. 18 districts out 

of the 37 districts were scale efficient at least once during the 22 months. Districts 13, 17, 19 

and 31 were scale efficient the most times (6 times) during the 22 months. 

Under the input-orientated approach more districts were operating under increasing returns to 

scale than decreasing returns to scale. This means that the scale they were operating at was 

most of the time too small. Under the output-orientated approach more districts were operating 

at decreasing returns to scale than increasing returns to scale, meaning that the scale they 

were operating at was most of the time too large. 

A further analysis was also performed to test if synergy is present in the 10 provinces. Province 

2 was the most times (10 times) fully technical efficient under both the input- and output-

orientated approach. Province 4 was not once fully technically efficient during the 22 months, 

under both input- and output-orientated approach. Province 2 was the most times (13 times) 

scale efficient under the input- and output-orientated approaches. During the period under 

investigation province 4 and province 10 were not once scale efficient, under the input-

orientated approach. Province 10 was also not once scale efficient under the output-orientated 

approach, during this period. 

Under the input-orientated approach the 10 provinces were operating most of the time at 

increasing returns to scale, indicating that these provinces were operating on a scale that was 

too small. Under the output-orientated approach the 10 provinces were operating most of the 

time at decreasing returns to scale, indicating that these provinces were operating on a scale 

that was too large. Province 7 had the highest scale efficiency average under the input-

orientated approach. Province 7 and province 2 had the highest scale efficiency average under 

the output-orientated approach. 

148 



CHAPTER 5 
ANALYZING THE EFFICIENCY OF A SOUTH AFRICAN BANK 

Synergy was found in provinces 2, 6, 7, 8 and 9 (input- and output-orientated). Synergy was 

also present in province 1, but only under the output-orientated approach. 
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Chapter 6: Conclusions and Recommendations 

6.1. Introduction 

South Africa has established a well-developed banking system over the past decade. South 

African banks are also well utilized and managed in sophisticated risk-management systems 

and corporate-governance structures. With the required systems available, why should South 

African banks not be efficient? 

Until the late 1980s the South African financial sector was dominated by five commercial banks, 

namely Standard Bank, First National Bank, Volkskas Bank, Nedbank and Trust Bank. During 

the 1990s the banking sector underwent re-organization and consolidation. Today the four 

largest banks in South Africa are First National Bank, Nedbank, Standard Bank and ABSA. 

These four banks also handle about 85% (March 2005) of the banking business in South Africa. 

When bank managers are asked about the performance of their banks, they usually quote ROE 

and ROA. Virtually all performance evaluators use accounting and other data to help in 

calculating the financial condition of an institution and the level of management. Financial 

measures alone have serious limitations, because of their backward-looking nature, their limited 

ability to measure operational performance and their tendency to focus on the short-term. There 

are ways to overcome the limitations of these financial measures. One way of dealing with 

these limitations is the use of non-financial measures. 

One of the methodologies developed is Data Envelopment Analysis (DEA). DEA involves 

solving linear programming problems that generate a non-parametric, piecewise linear convex 

frontier that envelops the input and output data relative to which cost is minimized. DEA is thus 

used to estimate the efficiency (inefficiency) of a bank or branches of a bank. The problem with 

150 



CHAPTER 6 
CONCLUSIONS AND RECOMMENDATIONS 

measuring bank efficiency is data availability. The databases of banks accommodate only 

accounting procedures and not combined analysis of operational, marketing and financial data. 

DEA is an appropriate method for overcoming these problems. The reason for this is the 

modelling flexibility of DEA and its ability to address qualitative and quantitative data, as well as 

non-discretionary and discretionary inputs. Data Envelopment Analysis (DEA) was chosen as 

the most appropriate method. 

DEA determines the following: the best-practice and most productive group of service units; the 

less-productive service units compared to the best-practice units; the amount of excess 

resources used by each of the less-productive units; the amount of excess capacity or ability to 

increase service outputs in less-productive units without utilizing added resources; the set of 

best-practice service units most similar to the less-productive units. 

6.2. Conclusion 

DEA analyses of a South African bank were performed to estimate the technical and scale 

efficiency of the 37 districts and 10 provinces of the bank. The DEAP (version 2.1) program was 

used. The intermediation approach was used and both the input- and output-orientated 

approach under the variable returns to scale approach was used. 

From the analyses it is clear that the bank districts are not as efficient as it can be. The 

analyses showed that 19 districts out of the 37 districts were not at least once fully technically 

efficient during the 22 months (input- and output-orientated). The same results were found with 

regard to scale efficiency: 17 districts out of the 37 districts were not at least once scale efficient 

(input-orientated) and 19 districts out of the 37 districts were not at least once scale efficient 

(output-orientated), during the 22 months. These inefficiencies can be the reason for bank 

districts to increase their bank costs to a higher level than of efficient bank districts. As 

mentioned earlier, four banks control over 85% of total deposits and assets in South Africa. This 
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is an indication of the high concentration and competition each bank faces every day, while 

competing for customers and scarce resources. 

It is recommended that banks focus more on how to measure efficiency as part of their 

objectives and strategies. Lack of clarity about which performance measures should be used 

limits the banks' ability to improve their performance. 
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