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1. INTRODUCTION

Commercial banks play a vital role in the economic development of a country
by enhancing the productive capacity of the economy and by connecting investors
with savers. Evaluating economic performance of banks is important to society
because if the financial institutions operate more efficiently, they will earn greater
profit and increase liquidity into the economy (Nguyen, 2007). U.S. commercial banks
have experienced considerable change in recent years. These include changes in the
regulatory environment, the introduction of e-commerce and on-line banking, and
significant financial industry consolidation. All of these forces have made the U.S.
banking industry highly competitive (Barr et al., 2002).

Efficiency estimation of the banking industry has been of research interest for
a number of years. As efficient banking systems contribute to higher economic
growth, studies of this nature are very important for policy makers, industry leaders,
and other agents reliant on the banking sector.

This paper investigates the efficiency of 25 large U.S. banks (determined by
their total deposits) using Data Envelopment Analysis (DEA) and productivity change
using Malmquist index over the period 2004 to 2008. These methods have been
widely used to analyze productivity and efficiency in banking. The specific objectives
of this study are: (1) to determine the productivity and efficiency of commercial banks
operating in U.S.; (2) to examine the influence of different factors on commercial
bank’s performance and efficiency; and (3) to make suggestions for the improvement
of the efficiency of commercial banking.

In the literature, two different approaches can be used in measuring efficiency:
the non-parametric (or linear programming) and parametric (or stochastic frontier
production function) approaches. This paper uses the first approach, commonly known
as DEA. To measure productivity changes and to decompose the productivity changes
into technical efficiency and technological change, I will use the Malmquist total

factor productivity index to explore the differences in productivity between these

banks.



This paper follows a two-stage procedure to examine efficiency of commercial
banks. In the first stage, I employ simple input-oriented ' DEA to measure productive
efficiency of banks. In the second stage, I analyze a Tobit censored regression to
determine the impact of factors on banks’ efficiency. The results presented in this
paper might be helpful to bank managers in identifying their banks’ efficiency
performance and the underlying reasons for their successes or failures. It might also
help banks in strategic planning and help policy makers in their attempts to improve
the overall efficiency of the banking industry and identify the need for reform of the
banking industry.

In order to achieve this purpose, the remainder of the paper is organized as
follows. The next chapter provides review of relevant literature on measuring
efficiency of commercial banks with special emphasis on measurement of inputs and
outputs. Chapter 3 defines the Malmquist index as well as DEA methodology,
introduces the data and discusses the selection of the variables. The fourth chapter
deals with empirical findings from DEA analysis. It also introduces second-stage
regression and discusses the results from Tobit censored model. The final chapter

offers concluding remarks and directions for future research.

" DEA may be computed either as input- or output-oriented. Input-oriented DEA measures how much
input quantities can be reduced without varying the output quantities produced whereas output-oriented
DEA assesses by how much quantities can be increased without changing the input quantities used. The
two measures provide the same results under constant returns to scale but give slightly different values
under variable returns to scale technology.



2. LITERATURE REVIEW

2.1. MEASURING EFFICIENCY OF COMMERCIAL BANKS

The evaluation of commercial bank efficiency has been analyzed in various
ways. Parametric programming approaches have generally been concerned with the
estimation of production or cost functions. A host of studies have focused on
estimating characteristics of the cost function and measuring economies of scale and
scope by assuming that all banks were operating efficiently. These studies include Bell
and Murphy (1967), Longbrake and Johnson (1975), and Kolari and Zardkoohi
(1987). Banker and Maindiratla (1988) argue that the estimated cost using regression
analysis provides an estimate of the average technology. This technique can be
modified, however, to get a frontier estimate of the cost function.

The non-parametric efficiency approach was originally developed by Farrell
(1957) and further enhanced by Banker, Charnes and Cooper (BCC) (1984) and by
Fére, Grosskopf and Lovell (1985). The constructed efficiency frontiers are non-
parametric in the sense that they are constructed as the envelopment of the decision-
making units (DMUSs) best practice technology to form a non-parametric frontier. This
non-parametric technique was referred to as Data Envelopment Analysis (DEA) by
Charnes, Cooper and Rhoades (CCR) (1978).

A particular advantage of DEA relative to parametric techniques is that the
latter must assume a particular functional form to characterize the relevant economic
production function, cost function, or distance function. Hence, any resultant
efficiency scores will be partially dependent on how accurately the chosen functional
form represents the true production relationship (i.e., the relationship between
inputs/resources and outputs). As DEA is non-parametric and envelops the
input/output data of the DMUs under consideration, the derived efficiency results do
not suffer from this problem of functional form dependency. Examples of DEA
applied to the analysis of banking include Drake and Weyman-Jones (1996), Bauer et
al (1998), Tortosa-Ausina (2002), Drake and Hall (2003) and Maudos and Pastor
(2003).



In addition, there has been extensive research on the measurement of
efficiency of financial institutions in the European banking industry by using non-
parametric frontier models.”> Notable contributions include Berg et al. (1991) for
Norwegian banks, Pastor, Grifell-Tatje and Lovell (1996) for Spanish banks, Lang and
Welzel (1996) for German banks, Resti (1997), Angelidis and Lyroudi (2006) for
Italian banks, Gilbert and Wilson (1998) for Korean banks, Drake and Hall (2000) for
Japanese banks, Rebelo and Mendes (2000) for Portugese banks, and Sathye (2001)
for Australian banks (Nguyen, 2007).

Pastor et al. (1997) analyzed productivity and efficiency in banking for the
U.S. and seven European countries for the year 1992. Their study used the value added
approach. Deposits, assets and loans nominal values were selected as measurements of
banking output, under the assumption that these are proportional to the number of
transactions and the flow of services to customers on both sides of the balance sheet.
Similarly, personnel expenses, non-interest expenses, other than personnel expenses
were employed as a measurement of banking inputs. The results indicate that France
had the highest efficiency, followed by Spain, and the U.K. had the lowest level of
efficiency.

Berger and Humphrey (1997) evaluated 130 international studies from more
than 20 countries that applied efficiency analysis to financial institutions. They find
that from during 1992 to 1997 that 116 out of 130 studies applied the cost frontier
approach. Fernandez et al. (2002) studied the economic efficiency of 142 financial
intermediaries from eighteen countries over the period 1989-1998, focusing on the
relationship between efficiency, productivity change and shareholders’ wealth
maximization. The authors applied DEA to estimate the relative efficiency of
commercial banks in North America, Japan and Europe.

Most DEA studies of bank efficiency use cross-section data from on a year
and, therefore, cannot measure productivity change. Elyasiani and Mehdian (1990)
consider technological change for large U.S. commercial banks between 1980 and
1985 and they find that banks achieved a high rate of technological advancement,
about 12.98% over the five year period. Berg et al. (1991) present perhaps the first

? Non-parametric models do not require a priori specification of a production and/or cost function.



application of the Malmquist index to measure productivity growth in banking. They
study regulation in Norwegian banking and find that productivity declined prior to
deregulation and productivity growth after deregulation.

Finally, Wheelock and Wilson (1999) examine productivity growth using the
Malmquist productivity index. They find negative productivity growth for large
commercial banks. First, they consider banks of all sizes; I focus on large banks. In
addition, my sample of banks remains invariant over time; their sample changes over
time. Finally, I provide second-stage regressions of the possible determinants of the

Malmquist productivity index; they do not.

2.2 SPECIFICATION OF INPUTS AND OUTPUTS

The first step in applying efficiency analysis involves selecting appropriate
inputs and outputs.” Considerable disagreement exists in prior studies concerning the
definition of outputs and inputs in banking. Benston et al. (1982:10) have concisely

described the problem in the following manner:

One's view of what banks produce depends on one's interest.
Economists who are concerned with economy-wide (macro) issues
tend to view the banks' output as dollars of deposits or loans.
Monetary economists see banks as producers of money-demand
deposits. Others see banks as producing loans, with demand and time
deposits being analogous to raw materials.

Thus, the definition and measurement of inputs and outputs in banking remains
a controversial issue. To determine what constitutes inputs and outputs, one should
first decide on the nature of banking technology. In the banking theory literature, there
are two main approaches competing with each other in this regard: the production and

intermediation approaches (Sealey and Lindley, 1977)."

? Different approaches in choosing the inputs and outputs are presented in Berger and Humphrey
(1997). A comparative analysis of assets and value-added approaches is conducted in Tortosa-Austin
(2002).

* This section is based on Yue (1992). See Berger et al. (1987) for further discussion of the two
approaches.



The production approach, introduced by Benston (1965), defines a financial
institution as a producer of services for account holders. That is, they perform
transactions on deposit accounts and process documents such as loans. In this
approach, the number of accounts opened or transactions processed is the best measure
output, while the number of employees, physical capital and other operating costs used
to perform those transactions are considered as inputs. Previous studies that adopted
this approach are, among others, Sherman and Gold (1985), Ferrier and Lovell (1990),
and Fried et al. (1993).

The intermediation or asset approach on the other hand views financial
institutions as intermediaries between savers and borrowers that channel funds from
depositors to borrowers. In this approach, bank outputs are treated as earning assets
such as loans and investments, all measured in monetary units. Their inputs are
interest expense, deposits, labor and physical capital. Previous banking efficiency
studies that adopted this approach are, among others, Charnes et al. (1990),
Bhattacharyya et al. (1997), and Sathye (2001).

In the study of Australian banking, Wu (2007) summarizes the problem with
the production approach, arguing that the production approach neglects banks role as
financial intermediaries to transfer funds by defining inputs as labor and physical
capital only. It ignores interest expenses even though these account for a major portion
of bank costs. Based on this, the intermediation approach seems to have dominated
empirical research in this area.

In the banking literature, another discrepancy comes from the role of deposits
as inputs or outputs. Some studies treat them as inputs (Mester, 1989; Elyasiani and
Mehdian, 1990), as outputs (Berger and Humphrey, 1993; Berg et al., 1992; Ferrier
and Lovell, 1990; Rangan et al., 1988), or simultaneously as inputs and outputs
(Humphrey, 1992; Aly et al., 1990). However, the specification of deposits as inputs is
a common practice, as this specification is favored on statistical grounds (Alam,
2001). Table 2.1 summarizes the information pertaining to inputs and outputs used in

various research studies relating to the efficiency of banks.



Table 2.1. Summary of Inputs and Outputs in Banking Industry

Authors (date) Method Study (Country) Inputs Outputs
English et al. (1993) DEA Efficiency (USA) | Labor, capital deposits, Investment income, real estate loans,
borrowing, occupancy expenses | consumer loans, commercial loans
Aly et al. (1990) DEA Efficiency (USA) | Labor, capital, loanable funds Real state loans, commercial industrial
loans, consumer loans, demand
deposits
Berg et al. (1993) DEA Efficiency and Labor, capital (book value of Business loans, consumer loans
Productivity machinery and equipment)
(Nordic)
Brockett et al. (1997) DEA Performance Interest expenses on deposits, Income on federal funds sold and
(USA) expenses for federal funds repurchase in domestic offices.
purchased and repurchased in Allowances for loan losses, loans, net
domestic offices, salaries, of unearned income
buildings, furniture and
equipment, total deposits
Berg et al. (1991) DEA Technical Labor, machine, material, Demand deposits, time deposits, short-
Efficiency buildings term loans, long-term loans, other
(Norway) services
Bukh et al. (1995) DEA Efficiency Capital (as a book value of Total deposits, total loans, number of
(Nordic) machinery and equipment) branches, guaranteed given to
customers
Elyasiani and Mehdian DEA Efficiency (USA) | Labor, physical capital, demand | Securitas held, real estate loans,
(1990) deposits, time and saving commercial loans, all other loans
deposits
Alam (2001) DEA Efficiency (USA) | Equity, capital, labor, purchased | Securities, total loans (real estate loans

funds, core deposits (demand
deposits + retail+ time)

+ commercial and industrial loans +
installment loans)

Source: Extracted from Mlima and Hjalmarsson (2002: 21); Author’s compilations




For the purpose of this study, the intermediation approach is used. Consistent
with the intermediation approach, the outputs measure the desired outcome or revenue
of banks (measured in dollars), while the inputs represent resources used and costs
required to the operate banks. I determine the appropriate number of inputs and
outputs in light of the available data and based on previous DEA studies. Accordingly,
this study specifies four inputs (labor, interest expenses, non-interest expenses and
deposits) and three outputs (net interest income, non-interest income and net loans).’

A description of inputs and outputs are presented in Table 2.2.

Table 2.2. Definitions of Inputs and Outputs used in the DEA model

Variables Definition
Inputs
1 Deposits (x;) transaction accounts, demand deposits, non

transaction accounts, money market deposit
accounts, other saving deposits and total time

deposits.

2 Labor (x;) the number of full-time equivalent staff employed
by the bank.

3 Interest expenses (x3) domestic office deposits, foreign office deposits,

federal fund purchase, trading liabilities and other
borrowed money, and subordinated notes and

debentures.

4 Non-interest expenses (x,) salaries and employee benefits, expenses associated
with premises and fixed assets and other noninterest
expenses.

Outputs

1 Net interest income (y;) the difference between total interest income and
total interest expense.

2 Non-interest income (y,) income from fiduciary activities, service charges on
deposit accounts, trading account gains and fees,
and additional interest income.

3 Net loans and leases (y;) total loans and leases minus loan loss allowance.

> Under the non-parametric approach which will be implemented in the empirical analysis, increasing
the number of variables reduces the number of technically inefficient observations [see Coelli et al.
(1998)]. Therefore, in order to minimize this possible drawback of the methodology, I restricted the
choice of variables to a four-input, three-output model.



3. METHODOLOGY AND BANK DATA

I first explain the methodology used in this paper, and then discuss details of
the data. This chapter ends with a brief outline of the DEA and the Malmquist

methodology of measuring bank efficiency.

3.1 DATA ENVELOPMENT ANALYSIS

The historical origin of an increasingly popular tool for estimating efficiency,
DEA, originates with path breaking work of CCR in 1978. DEA allows the
decomposition of technical efficiency into pure technical efficiency (PTE) and scale
efficiency (SE).°

DEA generalizes the Farrell (1957) single-output single-input technical
efficiency measure to the multiple output/multiple input case. DEA is a mathematical
programming approach that maps a piecewise linear convex isoquant (a non-
parametric surface frontier) over the data points to determine the efficiencies of each
decision-making unit (DMU) relative to the isoquant (Nguyen, 2007: 63).” One of its
well-known advantages is that DEA works well with small samples and multiple
outputs. As Maudos et al. (2002: 511) point out,

Of all the techniques for measuring efficiency, the one that requires the
smallest number of observations is the non-parametric and deterministic
DEA, as parametric techniques specify a large number of parameters,
making it necessary to have available a large number of observations.

Another advantage of DEA is that it does not require any assumption to be
made about the distribution of (in)efficiency and that it does not require a particular

functional form on the data (Pasiouras, 2007).

® Pure-technical Inefficiency results from using more inputs than necessary (input waste),while scale-
inefficiency occurs if the bank does not operate at CRS. Note that the relationship between efficiency
(E) and inefficiency (IE) is E = 1/(1-IE).

’ This approach allows the decomposition of technical efficiency into pure technical efficiency and
scale efficiency. See Fire et al. (1994) for extensive discussion on the topic.
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In their original paper, CCR (1978) proposed a model that had an input
orientation® and assumed constant returns to scale (CRS). Thus, this model identifies
inefficient units regardless of their size. As a result, the use of the CRS specification
when some DMUs are not operating at optimal scale will result in measures of
technical efficiency which are confounded by scale efficiencies. Later studies have
considered alternative sets of assumptions. The assumption of variable returns to scale
(VRS) was first introduced by BCC (1984). The CRS assumption is only appropriate
when all DMUs are operating at an optimal scale. However, factors like imperfect
competition and constraints on finance may cause a DMU to operate at increasing or
decreasing returns to scale at increasing not to be operating at optimal scale.” BCC
(1984) suggested the use of VRS that allows the calculation of pure technical
efficiency (PTE) devoid of scale efficiency (SE) effects.

The input-oriented VRS linear programming problem can be written formally

as: miny zy = 0,
n
leyrjzyro’ T=112l"'-'5
=1

0o xiy — Ljmi4jxy; 20, i=1,2,...,n (3.1)

220, j=1,2,.,n

where 0 is technical efficiency of DMUj to be estimated
A; is a n-dimensional constant to be estimated
Yy, is the observed amount of output of the r'™ type of the j'" DMU
Xi; is the observed amount of input of the i type of the ] DMU

r, i and j indicate the different s outputs, m inputs and n DMUSs respectively.

8 As Coelli et al. (1998) point out the input-oriented technical efficiency measures address the question:
“By how much can input quantities be proportionally reduced without changing the output quantities
produced?” (p. 137). In contrast, the output-oriented measures of technical efficiency address the
question: “By how much can output quantities be proportionally expanded without altering the input
quantities used?” (p. 137).

? The useful feature of VRS models as compared to CRS models is that they report whether a DMU is
operating at increasing, constant or decreasing returns to scale.
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Many studies have tended to select input-orientated measures because the input
quantities appear to be the primary decision variables, although this argument may not
be valid in all industries. However, some research has pointed out that restricting
attention to a particular orientation may neglect major sources of technical efficiency
in another direction (Casu and Molyneux, 2003). To date, the theoretical literature is
inconclusive as to the best choice among the alternative orientations of measurement.
It is necessary to point out that output- and input-orientated models will estimate
exactly the same frontier and, therefore, by definition, identify the same set of efficient
DMUs. It is only the efficiency measures associated with the inefficient DMUs that
may differ between the two methods. "

3.2 The Malmquist Productivity Index Approach

Recently, the Malmquist index has gained substantial recognition in the
measurement of total factor productivity (TFP). In this regard, Fére, et al. (1994)
applied the DEA approach to calculate distance functions that formulate the
Malmquist index. Researchers have been using the Malquist index not only because
the index relies exclusively on the quantity of information but also it requires neither
price information nor cost minimization or profit maximization assumptions (Kirikal
et al., 2004). The Malmquist index has many advantages over other indices. The index
is commonly used to assess banks’ productivity changes. In order to identify the
possible causes behind productivity changes, the Malmquist index is usually
decomposed into technical efficiency and technological progress changes.

Another feature of the Malmquist index is that it decomposes technical
efficiency (‘catching up’) and technical change (Fire et al., 1990)."' Following Fire et
al (1991), we use DEA to construct Malmquist TFP index. According to Wheelock

and Wilson (1999), the output-oriented Malmquist index M (t;,t;) estimator for two

1% An input orientation was chosen for the model to measure the efficiency of banks in terms of their
potential to reduce inputs given the same level of outputs.

"' The first component captures the convergence of firms toward the existing technology; this
phenomenon is also called efficiency change or ‘catching up’. The second component, also called
technological change, captures any expansion of production possibilities frontier (Alam, 2001:122)
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input-output pairs (xi", yi') and (x{% yi”) for periods 1 and 2, respectively, is

analogous to the input-oriented estimator used by Fére et al (1991) and is written as

A i x,yy Dy
J[/L(tl,tz):[ LSl % — J

Dl (xityl) T DR(xtyh) (3.2)

~ ~ 1/2

eoye)) | (Dhesity) | Do)
Dl (x;!,y") Di*(x.y?) D (xi'.yi)

w “

=AEff =ATech

where AEff is change in efficiency and ATech is a measure of change in
technology. The notation D represents the distance function and M is the Malmquist
productivity index. Here the subscript ¢ under the distance function denotes that it is
measured with reference to CRS technology.

In equation (3.2) 4Eff is the ratio of two distance functions, which measures
the change in the output-oriented measure of the Farrell technical efficiency between
periods 1 and 2. The square root term (47ech) is a measure of technical change in
production technology which is greater than, equal to or less than one when the
technological best practice is improving, unchanged or deteriorating, respectively.
Fére et al. (1994) further decompose the first ratio in the right hand side of equation

(3.2), which measures changes in efficiency, by rewriting equation (3.2) as

A ﬁtz X2, ﬁz Dt2 X2, /ﬁt2 X2,y
M (1, 1) = -—7L-’—y—)- X t(’ yi') t(z yi*)
Dl( l’yl )J Dl(xl ’Yz)/Dl(Xl ,y,)

=APureEff =AScale (33)

B ‘ 1/2
x( (X,,y,)xD(X,,y,)
D2 (x!2,y2) DR (xi,yh)

=ATech

where APureEff X AScale = AEff. AScale is change in scale efficiency; subscript v
refers to VRS technology.



13

3.3 DESCRIPTIVE STATISTICS

All data was obtained from the FDIC Reports of Condition and Income (Call
Reports) year end data for U.S. commercial banks from 2004 to 2008. I omitted banks
with missing or no value(s) for any of the inputs and outputs. This four-input and
three-output model captures the essential financial intermediation functions of a bank
and uses variables employed in similar studies. Table 3.1 provides descriptive
statistics for all inputs and outputs, including their mean, standard deviation, minimum

and maximum values for the sample of 25 banks from the period 2004-2008.

Table 3.1. Descriptive Statistics of Inputs and Outputs (Pooled Sample)

Standard Minimum Maximum

Variables Mean .
Deviation value value
X; 118,713,649 135404707.1 15,774,305 642,252,215
X2 40,999 52580.01 914 209,774
X3 2,665,026  4034765.95 80,154 18,384,000
Xy 3,375,424  4559181.33 108,214 18,024,000
Vi 3,155,109 3895894.198 230,380 19,179,000
V2 2,438,113 3725372.4 2,735 17,535,000
V3 136,188,695 157498044 7,368,583 665,279,776

Note. Inputs: deposits (x;), labor (x,), interest expenses (x;), non-interest expenses (x,);
Outputs: net interest income (y;), non-interest income (y;), Net loans and leases (y;). All
variables except x, are measured in thousands of dollars. x; is measured in terms of number of
employees.
Source: Author’s calculations

The data reveal that U.S. commercial banks experience large fluctuations
which are evident by the large standard deviations. If we look at yearly data from 2004
to 2008, all values increased except the year 2008 when interest expenses and non-
interest income showed a declining trend'2. The possible explanation is the recent
economic recession. It is apparent that all inputs and outputs grew dramatically from
2004 to 2005 and increased at a decreasing rate thereafter. For example, net loans

increased at an annual rate of about 27 percent from 2004 to 2005 and then by only

11.5 percent in 2006.

12 Year-by-year description statistics for input and output variables is provided in Appendix A.
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4. EMPIRICAL RESULTS

The discussion of the empirical results on the efficiency of commercial banks
in U.S. is structured in two parts. First, I discuss the efficiency of the full sample of
banks obtained through an input-oriented approach with CRS. Then I investigate the

determinants of efficiency using Tobit regression.

4.1 DEA Efficiency Estimates

All empirical results on DEA scores and the input-oriented Malmquist Total
Factor Productivity (TFP) indices are derived from the OnFront DEA computer
program. Estimation is carried out assuming CRS. Estimation which is greater than 1
implies positive growth of TFP, while an estimate that is less than 1 means the TFP
declined. An index equal to unity implies no change in productivity. For this analysis,

2004 is used as the base year.

Fig 4.1. Malmquist Index for U.S. Banks, 2004-08
2

1.6

1.2

0.8

04
== Malquist Index 2004/05 == Malquist Index 2005/06
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Figure 4.1 shows the productivity scores from the 25 different banks, identified

as Bi, Ba,..., Bys. It suggested that U.S. commercial banks experienced fluctuations
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and average increase in their productivity from 2004 to 2008. This productivity
increase is mainly the result of a technological change.

Table 4.1 reports the frequency distribution of year-by-year technical
efficiency under CRS technology. Table 4.1 shows the distribution of the Malmquist
productivity index. The results indicate that productivity decreased between 2007 and
2008 by 4%. Productivity rose from 2004 to 2006 periods. It is apparent that the
Malmquist index reveals wide variation across the sample. For instance, between 2004
and 2005 while 20 banks show productivity growth and only 5 show productivity
declines. Moreover, the number of banks which show productivity growth increased to
22 in the 2005-06 periods and then decreased to 20 in 2006-07. Now, 80 percent of the
banks experienced productivity growth, whereas the remaining banks had productivity
declines. However, in 2007-08 we have the lowest of all Malmquist indices with only
6 banks experiencing productivity growth. This could be explained by the world wide
recent economic recession, which adversely affected the banking sector. With the

exception of 2007-08, most banks experience productivity growth.

Table 4.1. Frequency Distributions of Malmquist Productivity Index (M)

Productivity

Index 2004-2005 2005-2006 2006-2007 2007-2008
0.6-0.69 1 0 0 0
0.7-0.79 0 0 0 3
0.8-0.89 1 0 1 5
0.9-0.99 3 3 4 11
1.0-1.09 6 4 10 3
1.1-1.19 8 11 6 1
1.2-1.29 2 4 2 1
>1.3 4 3 2 1
Mean 1.134 1.153 1.102 0.96

Notes: M > 1 productivity growth; M < 1 productivity regress; M = 1 No change

By the decomposing the Malmquist index, I can determine the sources of
productivity growth. As explained previously, EC and TC are the efficiency changes
(catching up) and technological changes (frontier shift) respectively. Next, I inspect

the sources of growth or decline in U.S. banking industry are due to EC, TC, or both.
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Tables 4.2 and 4.3 report the component factors contributing to the overall
productivity change. Table 4.2 gives the frequency distribution of the technical change
index. Except 2007-2008, technical change shows positive trend. The dispersion of
technical change is largest in 2004-2005 and smallest in 2007-2008.

Table 4.2. Frequency Distributions of the Technical Change (TC) Index

Technical

Change 2004-2005 2005-2006 2006-2007 2007-2008
0.6-0.69 1 0 0 0
0.7-0.79 0 0 0 3
0.8-0.89 0 0 1 4
0.9-0.99 0 2 2 12
1.0-1.09 4 3 10 2
1.1-1.19 11 12 8 2
1.2-1.29 6 5 1 1
>1.3 3 3 3 1
Mean 1.1788 1.1556 1.118 0.9784

Table 4.3 presents the efficiency change component or ‘‘catch-up’’ term. EC
shows an improvement between 2005 and 2006. The dispersion of efficiency change
index was the largest in 2005-2006, followed by 2004-2005; the lowest were in 2007-
2008 and 2006-2007.

Table 4.3. Frequency Distributions of the Efficiency Change (EC) Index

Efficiency

Change 2004-2005 2005-2006 2006-2007 2007-2008
0.6-0.69 0 0 0 0
0.7-0.79 2 0 0 0
0.8-0.89 3 0 0 2
0.9-0.99 6 11 8 7
1.0-1.09 12 13 17 15
1.1-1.19 1 1 0 1
1.2-1.29 1 0 0 0
>1.3 0 0 0 0
Mean 0.963 0.999 0.990 0.982

Note: EC>1 implies that banks are operating closer to the frontier than in previous
period; EC<I implies the firm is operating farther from the frontier
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Close examination of the results suggests that U.S. banks experienced an
average annual productivity growth of almost 9 percent over the sample period. These
productivity increases are mainly the result of TC which shows 10.8 percent increase
during the same period. However, the average EC shows regress which averaged 3.7
percent for the period (See Appendix B). The results also indicate that banks in U.S.
have achieved productivity growth in every year except in 2007-08.

To observe the changes in EC and TC more clearly, I derived cumulative
Malmquist TFP indices for the period 2004-2008 assuming constant returns to scale.
Comparing the years 2005-2008 to the base year 2004, the cumulative Malmquist
index shows productivity regress for all banks in 2007/08 and for most banks in
2004/05 period. Figure 4.2 summarizes the cumulative productivity indices. The index
showed up-and-down movements for all banks for the entire period. Comparing the
years 2004 to 2008 to the fixed base year 2004, the cumulative Malmquist index
shows productivity growth and then experiences almost no change in productivity.

The cumulative Malmquist index ranges between 0.62 and 3.05.

Fig 4.2 Cumulative Malmquist Index
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4.2 The Second - Stage (Tobit) Analysis

The main criticism of the traditional DEA approach is the difficulty of drawing
statistical inference. This has been addressed by Grosskopf (1996), who suggested a
two-step procedure. In the first step, DEA is used to estimate efficiency scores. In the
second step, regression analysis is used to explain the efficiency scores. One concern,
however, is that efficiency scores are censored. Aly et al. (1990) use ordinary-least
squares (OLS) in the second stage, but this method produces biased parameter
estimates because it fails to account for censorship. To address this censorship
problem, I use the Tobit censored regression. Alternatively, Simar and Wilson (2007)
used a censored regression model.

The empirical model designed to explain efficiency is described below:"

0, = By + PLnSIZE + B, [LnSIZE)? + B3 EQAS + B,MSHARE + Bs LOANS

+ & (4‘1)
where 6; = bank’s efficiency score derived from previous section
ILnSIZE = the logarithm of total assets a proxy of size
EQAS = equity capital to total assets

MSHARE = ratio of bank deposits to aggregate total assets

LOANS = loan to asset ratio

Bo> P1. ..., Ps are the regression parameters to be estimated by using the Tobit
model and

&; = error term

Unlike conventional ordinary least-squares (OLS) estimation, in cases with
limited dependent variables, the Tobit models are known to generate consistent
estimates of regression coefficients. Owing to limited nature of the dependent variable,
a censored Tobit regression model is used to estimate equation (4.1). The dependent

variable is the bank efficiency estimate calculated in previous section for each bank in

" The Tobit regression analysis is computed in LIMDEP 7.0.
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the sample.14 The explanatory variables are: bank asset size, market share, the loan to
asset ratio, and bank’s capitalization.”” These explanatory variables are commonly
used in the literature.

Bank size is measured by the logarithm of total assets to capture the possible
cost advantages associated with size (economies of scale). Generally, the effect of
growing size on efficiency has been proven to be positive. SIZE may lead to positive
effects on bank efficiency if there are significant economies of scale. However, for
banks that become extremely large, the effect of size could be negative due to
bureaucratic and other reasons. Hence, the size-efficiency relationship may be
expected to be non-linear. Consistent with Delis and Papanikolaou (2009) I use the
banks’ assets (logarithm) and the square of asset size in order to capture this possible
non-linear relationship. One can find this kind of result as a verification of U-shaped
relationship between size and efficiency.

Following Miller and Noulas (1996), I use the ratio of bank deposits to
aggregate banks’ total assets to reflect market share. It appears that banks with a larger
market share are likely to be more efficient than those with a smaller share. This might
reflect gains from scale economies or superiority. The efficient structure paradigm
links concentration to high profitability through efficiency (Demsetz, 1973), where
efficient banks compete more aggressively for market shares.

Loans are the most risky and least liquid of all assets. The loan to asset ratio
(LOANS), as a proxy of lending intensity, measures some of this risk. Hence, a higher
loan to asset ratio may be associated with higher efficiency and productivity. The loan
ratio affects operating costs and in turn might influence operating efficiency. If a
higher loan-to-asset ratio is related to a bank’s willingness to take on additional risk,
these findings are consistent with the view that less efficient banks are less risk averse

than their more effcienct counterparts (Barr et al., 2002). This may also capture the

' The two-stage procedure, in which the efficiency results from DEA are regressed on environmental
variables — initially proposed by Lovell et al. (1995) — was implemented by Coelli et al. (1998).

> Obviously, several additional financial variables could be used. However, I avoid including variables
that contain elements such as loans and deposits that have been used as inputs and/or outputs in the first
stage of the analysis to minimize potential heterogeneity concerns which may lead to biased estimates.
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effect that less efficient banks attempt to improve efficiency by pursuing riskier
ventures.

Equity capital to total assets (EQAS) is a measure of capitalization which
reflects a bank’s attitude towards risk. Banks with large capitalization are less likely to
become insolvent and have lower risk.

Table 4.4 reports the descriptive statistics of the variables used in the second-
stage regression. An important feature of the data is that they exhibit considerable

variation across banks in the sample.

Table 4.4. Summary Statistics of Variables Used in Second Stage Regression

Variables Mean S.D. Min Max
SIZE (in billions) 1.125 1.238 0.054 1.654
EQAS 0.110 0.070 0.091 0.152
MSHARE 0.681 0.186 0.602 0.756
LOANS 0.490 0.222 0.029 0.652

The sign of the coefficients of the environmental variables indicate the
direction of the influence, and standard hypothesis testing can be used to assess the
significance of the relationships.'® This method, which can accommodate both
continuous and categorical variables, is conducted by using Tobit regression model
because it can account for truncated data.'” To explore variation in the technical
efficiency score of commercial banks equation (4.1) was estimated. The results of the

estimation are presented in Table 4.5.

'7 The model is censored if one can at least observe the exogenous variables and truncated if the
observations outside a specified range are totally lost (Amemiya, 1984:3).
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Table 4.5. Second-Stage Tobit Regression of the Efficiency Measures

Variables Coefficients | Z-statistics
CONSTANT 0.155 1.066
Ln(SIZE) 0.143 1.652
Ln (SIZE)’ -0.032 -0.426
EQAS 1.628 1.723°
MSHARE 0.136 1.2527
LOANS 0.061 0.260
Log-likelihood 16.4529

R’ 0.6254

Note: *** ** and * indicate significance at 1, 5 and 10% levels;

Table 4.5 reports the results derived from the Tobit regression analysis. The
findings suggest that all explanatory variables have the expected signs. It appears from
the table that SIZE is positively and significantly related to efficiency.'® Given the
effect of squared size variable, the relationship between bank size and efficiency is
non-linear, with efficiency increases with size to a certain point and decreasing
thereafter. This suggests that larger banks may be too bureaucratic. This finding is
consistent with results reported by Isik and Hassan (2000) for Turkey.

EQAS has a positive and significant effect on efficiency (significant at 10%
level). It is possible that efficient banks generate higher profits, which in turn
strengthen their capitalization status. Theoretically, well capitalized banks enjoy a
higher level of efficiency due to their ability to collect deposits than their poorly
capitalized counterparts. These results are in line with the results of Isik and Hassen
(2002) for Turkey, Case and Giradone (2004) for Italy and Kwan and Eisenbeis (1997)
for the U.S. One possible explanation for these findings is that when EQAS is high,
shareholders are more likely to monitor banks to assure that they operate efficiently.
Hence, these results are in favor of conventional wisdom that capital plays the role of

implicit deposit insurance, which in turn encourages more deposits.

'8 The square of asset size was never significant at even 20% level
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MSHARE, the proxy of market share, measured by individual bank’s deposits
divided by total assets reveals a positive relationship. Accordingly, a larger market
share leads to a significant improvement in efficiency, a result that is consistent with
Isik and Hassen (2002). This result accords well with the efficient structure hypothesis
(Demsetz, 1973).

LOANS has a positive but insignificant effect, which is consistent with Isik
and Hassan (2002) and Casu and Giradone (2004). The positive relationship between
the loan ratio and bank efficiency is consistent with the efficient structure hypothesis.
Isik and Hassen (2002) argue that the positive relationship between loan activity and
efficiency can be attributed to the ability of relatively efficient banks to manage
operations more productively, would have lower production costs and, in turn, offer
more reasonable loan terms and gain larger market performance. Therefore, efficient

operations increases market power in the loan market.
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5. CONCLUSIONS AND FUTURE RESEARCH DIRECTIONS

Because of the role that banks play in the economy, the performance of
financial institutions is crucial for the well-being of the economy as a whole. This has
led to many studies of efficiency in the banking sectors of many countries. The major
objective of this study is to analyze the efficiency of U.S. banks for a five-year period
(2004-2008). I also examine total productivity changes in the U.S banking industry
and its major components over the sample period. Calculation of the Malmquist index
reveals that there has been total factor productivity progress (averaging about 9%)
which is mainly due to technological change (change in TC) which increased by 10.8
percent during the same period.

Regression analyses to explain bank efficiency reveal several interesting
conclusions. Bank efficiency is found to be related to bank characteristics. The results
of Tobit regression indicate bank efficiency is found to decline with size while it is
found to increase with bank capitalization, market share and loan ratio. If combined
together, the positive effects of capitalization and market share on efficiency
indicators suggest that banking sectors with well-capitalized banks are likely to
generate better efficiency and higher rates of intermediation.

The results are consistent with previous studies and are useful in several ways.
First, it is useful to bank managers interested in improving efficiency. Second, the
ability to separate bank efficiency in terms of efficiency and technological change is
extremely useful. From the policy perspective, it is important to know whether
technological progress has stagnated over time. Because technical progress and
efficiency change make up different sources of TFP growth, alternative policy options
are required to address them. For instance, although tightening prudential
requirements may limit banks’ profitability and reduce the operating efficiency in the
short run, doing so may encourage banks to look for new and innovative ways to
invest, thereby expanding the production possibilities frontier. In this regard, the
decomposition into technical efficiency and technological change will be useful for
policy-makers. It will also be useful from policy makers’ perspective to look at the

underlying sources of differences in performance among banks.
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Future work could extend this research in various directions not considered in
this study. First, the efficiency of commercial banks could be compared with different
sub-groups of financial institutions, such as credit unions as the latter ones have not
received any attention in past studies. Second, one could incorporate other relevant
country-specific indicators such as gross domestic product, inflation, customer
satisfaction, etc to see their effect on the efficiency of commercial banks. Finally,
future research could also consider the production approach along with intermediation
approach. This may facilitate directions for sustainable competitiveness of future

banking operations in U.S.
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APPENDIX A: Descriptive Statistics by Year
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Variables
Xl Xz X3 X4 Y1 Y2 Y3
2004
Mean 85,622,381 33,362 960,059 2,547,553 2,325,236 1,811,004 93,721,408
Std. Dev 95,901,154 43,479 1,316,496 3,562,155 2,900,352 2,656,680 103,850,159
Minimum 15,774,305 943 80,154 108,214 230,380 11,313 7,368,583
Maximum 399,236,991 166,868 4,651,000 12,858,000 11,330,000 10,114,000 356,567,000
2005
Mean 107,627,401 38,768 1,740,648 2,938,631 2,759,162 2,142,321 118,864,216
% change 25.7% 16.2% 81.3% 15.4% 18.7% 18.3% 26.8%
Std. Dev 135,579,027 52,771 2,480,612 4,344,842 3,495,043 3,387,572 136,079,104
Minimum 16,290,285 1,083 109,351 129,964 312,025 7,278 11,655,723
Maximum 576,962,146 180,234 8,593,000 15,657,000 13,037,135 11,818,000 504,741,536
2006
Mean 116,670,809 40,637 2,947,500 3,254,359 2,954,511 2,572,619 132,303,966
% change 8.4% 4.8% 69.3% 10.7% 7.1% 20.1% 11.3%
Std. Dev 140,769,239 55,536 4,074,771 4,550,501 3,608,684 4,018,738 155,480,728
Minimum 20,954,167 1,212 307,293 137,905 334,262 2,735 14,214,583
Maximum 563,906,844 198,210 14,204,000 15,664,000 13,245,637 14,950,000 613,023,947
2007
Mean 125,141,616 42,299 3,922,072 3,607,945 3,309,439 2,822,480 149,748,881
% change 7.3% 4.1% 33.1% 10.9% 12.0% 9.7% 13.2%
Std. Dev 142,667,567 56,488 5,549,702 5,022,061 4,088,187 4,431,922 182,695,243
Minimum 20,567,194 1,468 389,117 193,944 326,990 21,651 15,095,784
Maximum 596,584,927 209,774 18,384,000 18,024,000 14,180,000 17,535,000 663,774,609
2008
Mean 139,455,374 43,520 3,298,675 3,963,484 3,913,998 2,426,502 163,960,058
% change 11.4% 2.9% -15.9% 9.9% 18.3% -14.0% 9.5%
Std. Dev 152,629,845 53,832 4,522,444 5,088,682 4,972,307 3,836,017 188,540,187
Minimum 36,498,681 914 455,170 267,934 682,407 56,349 24,026,469
Maximum 642,252,215 195,364 15,411,000 17,706,000 19,179,000 16,255,000 665,279,776

Inputs: deposits (x;), labor (x;), interest expenses (x3), non-interest expenses (x,);

Outputs: net interest income (y;), non-interest income (), Net loans and leases (y3).
Note: All variables except x, are measured in thousands of dollars.
X, is measured in terms of number of employees.

Source: Author’s calculations



APPENDIX B: Summary of Productivity and Efficiency Changes for U.S. Banks

Year Index  Mean Staqda}rd Minimum Maximum
Deviation
M 1.1344 0.2426 0.62 1.91
2004-05 EC 0.9632 0.0981 0.75 1.24
TC 1.1788 0.2113 0.62 1.91
M 1.1532 0.134 0.92 1.49
2005-06 EC 0.9992 0.0432 0.91 1.12
TC 1.1556 0.1314 0.92 1.49
M 1.1024 0.1442 0.83 1.52
2006-07 EC 0.9908 0.0294 0.91 1.05
TC 1.118 0.1483 0.83 1.52
M 0.96 0.1627 0.72 1.53
2007-08 EC 0.9828 0.0635 0.82 1.13
TC 0.9784 0.1604 0.75 1.53
M 1.088 0.171 0.773 1.613
Average EC 0.984 0.059 0.848 1.135
TC 1.108 0.163 0.780 1.613

Notes: M: Malmquist index; EC: technical efficiency change; TC: technological Change

Source: Author’s calculations



