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Efficiency Analysis of Financial Institutions:
A Review of Empirical Studies

Allen M. Featherstone®

The optimal size and scale of financial institutions has received considerable attention in the
finance literature. Given the recent wave in financial institution consolidation, there is much
interest in optimal firm size. The major concern rests in whether consolidation is moving firms
down their cost curves to achieve greater efficiency, or whether consolidation is resulting in
greater market power without achieving cost savings. The study of the production technology
of financial institutions can determine whether and to what degree economies of size exist.

Generally, empirical studies have used either duality theory with the estimation of cost functions
or nonparametric estimation methods to assess efficiency in the financial services industry. The
purpose of this study is to review the banking literature to grasp what is known about scale
economies. This study will focus on the estimation of indirect multi-product cost functions using
duality.

Clark (1988) reviewed 13 studies that have attempted to measure economies of scope for
commercial banks, credit unions, and savings and loan associations. Clark found that these
studies offered four broad conclusions: 1) overall economies of scale exist at low levels of
input, 2) no consistent evidence of economies of scope, 3) some evidence of cost
complementarities, and 4) the results seem to be robust among financial institutions.

Humphery also reviews studies which examine the issue of bank economies of scale. Humphery
- finds that little cost savings exist for increases in size alone. He finds that significant benefits
accrue from loan diversification. Humphery also finds that the differences in cost structure
within the same size category is large compared to measured cost economies.

The paper will be organized in the following manner. First, multiproduct cost concepts will be
briefly discussed. A discussion will follow of the data and procedures used in the estimation of
indirect multi-product cost curves. The paper will summarize some of the empirical findings
from the banking literature. Finally, the paper will conclude with an assessment of the strengths
and weaknesses of these studies and provide comments on future research needs for those
interested in agricultural banks.

Multiproduct Cost Concepts

Multiproduct cost concepts did not arise until the early 1980s (Baumol, Panzar, and Willig).
Multiproduct cost concepts were able to develop only after the development and application of

"Allen Featherstone is an associate professor in Department of Agricultural Economics,
Kansas State University. The author would like to acknowledge the library work of Crystal
Rempe.



duality theory. Rigorous treatment of duality originated in 1953 with a book by Ronald
Shephard. This allowed a rapid expansion of the classes of functional forms available for
empirical estimation of production relationships. The class of flexible functional forms, which
are based on 2nd-order Taylor series approximations, include the translog, generalized Leontief,
and the quadratic. The translog is the most commonly applied functional form used in
multiproduct cost analysis of the banking industry.

In a multiproduct framework, economies of scale can arise from two sources: product-specific
economies and/or economies of scope. Product specific economies are present if the per unit
cost of producing an output declines as the output increases. In a multiproduct framework,
product specific economies are measured by defining what is known as incremental cost. The
incremental cost for the ith output (IC) is defined as the cost of producing the entire
multiproduct output bundle (C(Y)) minus the cost of producing all of the outputs except the ith
output (C(Yy.)). Formally:

1) ICl = C(Y) - C(YN-i) where YN-i = (Yl""’YLI’O’YH-I"“’YN)'

Product-specific economies of scale (S) are then determined by taking the average incremental
cost of producing the ith output (IC/Y;) divided by the marginal incremental cost of producing
the ith output (8C/dY;). Formally:

2) S, = (IC/Y).
0C/0Y;)

If S, is greater than one than product specific economies of scale are said to exist. Product
specific economies of scale are most analogous to the single output case of scale economies.
This measure can be expanded to include subsets of products if desired.

» Economies of scope (diversification) arise from cost savings obtained from the simultaneous
* production of several outputs together. Economies of scope (SC(Y)) exist if the cost of
producing the optimal level of outputs in "individual firms" is greater than the cost of producing
the same optimal output levels in a multiproduct firm. Formally for a two product firm, if

3) C(Y,) + C(Y,) > C(Y)
then economies of scope exist, where C(Y)) is the cost of producing output 1 in a single product
firm and C(Y,) is the cost of producing output 2 in a single product firm. For 2 outputs,
economies of scope (SC\(Y)) are defined as:

4)  SCu(Y) = [ C(Y) + C(Yy - C(Y) VC(Y).

If SC(Y) is greater than zero than economies of scope are said to exist. This indicates the
relative increase in cost from a splintering of production into separate groups or the relative cost
savings of multiproduct production.
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Both economies of scope (SCy(Y)) and product-specific economies (S,) can be combined to give
an overall measure of the returns to scale for an individual firm. These are also referred to as
scale economies (Sy). Formally, the measure of economies of scale for a two output firm is:

5) Sy(Y) = ,8,(Y) + (1-0)S,(Y)
1 - SC\(Y)

where «, is the first firm’s output time the marginal cost as a proportion of the sum of all
outputs multiplied individually by their marginal cost.

Economies of scale can then arise under multiple scenarios. If economies of scope are equal to
zero, then economies of scale will exist if one of the outputs has constant returns to scale and
the other output has increasing returns to scale. Economies of scale can also arise if both
outputs have constant returns to scale if economies of scope exist.

Data and Procedures

The data and procedures may limit the usefulness of findings from studies measuring economies
of scope and scale in the banking literature. Understanding the differences in data used and
procedures may help to explain differences in results obtained by various authors.

Data

The definition of outputs and costs, the treatment of branch banking, and data sources vary
widely across studies of economies of scale in the banking industry. Two approaches exist for
defining inputs and outputs: 1) the production approach and 2) the intermediation approach. The
production approach measures output by the number of various accounts and considers only
operating cost. The intermediation approach measures output as the size of accounts (dollars)
and measures costs as both operating and interest cost. The type of data and the method of
approach are inter-related. Clark (1988) suggests that conceptually the approaches are very
different. He suggests that the choice of approach may be one of the reasons for differences in
empirical results. However, Benston, Hanweck, and Humphrey and Berger, Hanweck, and
Humphrey found that similar scale economy results were obtained using both approaches.

A majority of the studies examined use one of two types of data: 1) Call Report (Income and
Conditions Reports for Banks) and/or financial statement data or 2) Functional Cost Analysis
(FCA) data. The FCA data is constructed using simple cost accounting techniques to allocate
expenses to several banking functions (Clark 1988). Clark suggests that generalizing results
from FCA data may be inappropriate because of self selection bias in the participation of
subscribing banks, and the problem of introducing bias into parameter estimates due to imprecise
cost allocation methods. Smaller banks tend to participate in the FCA.

Clark (1988) suggests that the use of Call Report data offers a wider range of bank size. In
addition, uniform reporting requirements are imposed. However, Clark notes that the Call
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Report data are not without problems. Data is not available on the number of deposit or loan
accounts. Clark suggests that account size and bank size are correlated. Thus, economies of
scale are likely overstated. Secondly, data on banking functions such as safety deposit box and
trust activity have only recently begun to be reported. Thus, some of the banking functions are
not able to be represented as outputs. A final problem with the Call Report data and with any
cost function study using accounting data is the development of input prices. It is somewhat
questionable whether meaningful proxies can be developed for price given aggregation of inputs.

A 1987 multiproduct study of the California savings and loan industry is used to illustrate the
methods used to construct data (Mester). This study defines a three output and four input firm.
The outputs are mortgage loans, other loans, and cash, securities, and real estate investments
in excess of the minimum liquidity requirements. These outputs are measured in average dollars
at the end of 1982, thus an intermediation approach was used in this study. The inputs are
- labor, capital, demand deposits (passbook and NOW accounts), and term deposits.

The prices for the inputs were determined as follows. For labor, the wage was determined as
the weighted average of the county wage in which the S&L had a branch. A crude price of
capital was determined by adding rent, depreciation, utilities, equipment, and furniture
expenditures divided by average dollar deposits during 1982. Mester notes that a better
approximation would be the average rent per square foot of office space, however, this data was
not available. The measure of the price of demand deposits was determined by subtracting
» service charges paid on NOW accounts from total interest and commissions and dividing by
average demand deposits. The price of term deposits was determined by dividing total interest
by average term deposits for the year. A growth variable was also included in the analysis to
account for changes in the size of the institution. This variable was calculated by taking the log
of 1982 assets divided by 1981 assets. A branching variable was also included to examine the
effect of the number of branches on cost.

The study by Mester illustrates the difficulty of defining the price variables for the inputs. This
- study is fairly representative of the literature and the methods used to define the variables. In
studies of agricultural banking, defining prices will also be a difficult issue.

Procedures

Closcly related to the problem with the determination of the prices of the inputs is the level of
aggregation used in defining both inputs and outputs. Ideally, every output and input that a
financial institution uses or produces would be treated on a disaggregated basis. The number
- of parameters estimated increases at an increasing rate as additional inputs or outputs are
s> defined. Thus, the number of observations available require the number of inputs and outputs
- to be limited.

Another problem commonly encountered in the studies of financial institutions is the use of the

translog cost function. Outputs are logged in the estimation process. If a financial institution
does not produce an output, the log of that output quantity (zero) is undefined. This problem
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also arises when calculating incremental costs. To get around this problem, the commonly
accepted technique is to replace zero outputs with a sufficiently small nonzero value. Cowing
and Holtmann, Akridge and Hertel, and Schroeder set zero output values equal to 10 percent of
the geometric mean. A drawback of this procedure is that bias may be introduced into the
parameter estimates.

A final problem that is common in multiproduct cost function studies is the significance of
individual parameter estimates. Clark reports that multicollinearity is often a problem in the
estimation. In a system requiring 36 parameter estimates only four of the estimates were
significant at the 5% significance level. Authors examining other industries also find low levels
of significance in parameter estimates. At the 10 percent level of significance, Cowing and
Holtmann, Akridge and Hertel, and Deller et al. find that only 30%, 35%, and 59% of the
estimates to be significant. Bootstrapping techniques offer the opportunity to allow confidence
intervals to be placed around estimates of economies of scope and product specific economies
(Efron, Eakin et al., Schroeder).

A final class of problems with multiproduct cost functions are the use of flexible functional
forms and the use of econometrics. A Taylor’s series approximation suggests that the error of
the remainder increases as it moves away from the point of approximation. Using, regression
to estimate a Taylor’s series tends to make the errors of approximation equal over the entire data
range (White). This problem can be alleviated using the Fourier flexible form (Gallant).

A related problem also arises due to the use of econometrics. Usual econometric procedures
result with errors being both above and below the isoquant. However, when estimating the cost
. function and related isoquants, the most efficient or frontier function issappropriate. Thus,
errors should only be above the cost isoquant. Using methods which estimate a frontier function
allows firm inefficiency to be measured using Farrell’s approach (Akridge).

Results from Banking Studies

Clark (1988) provides an excellent discussion of thirteen financial institution studies which
examine economies of scale and scope. Clark qualitatively examines what these studies found.
This review provides an updated analysis of more recent studies and will provide more detail
on quantitative measures of economies of scope and scale. The discussion of results from
empirical banking studies will be broken down in the following manner. First, other studies that
do not use the multiproduct cost methodology but provide insight into the structure of financial
institution production technology will be discussed. Following, the five studies which estimate
the measures of economies of scale, economies of scope, and product specific economies of scale
are discussed.

Other Studies

Clark (1984) examined the sensitivity of output elasticities to cost under various measures for
a single output and different functional forms using Call Report data. Clark found output
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elasticities to be fairly robust to functional form and output measure choices. A study by
Kilbride, McDonald, and Miller extend Clark’s work by examining the sensitivity of results to
econometric procedures, examining a different data period, and considering differences based
upon the type of bank organization. They find that scale economies are sensitive to bank
organization.

Nelson also examines whether branch variables are important determinants in the bank cost
function. Nelson’s work supports that of Kilbride, McDonald, and Miller by finding substantial
economies of scale at the branch level, but no economies from expansion by branching.

Goldstein, McNulty, and Verbrugge examine economies of scale in the savings and loan industry
using a single measure of output (total assets). They find scale economies for small institutions
which persist across medium and larger institutions.

Gilligan and Smirlock (GS) examine economies of scale in commercial banking in unit bank
states in a multiproduct framework with two outputs: loans outstanding and total dollar amount
of securities held. No inputs or input prices enter the cost function estimation. GS did find
global economies of scope suggesting the studies which use a measure of one output or an index
of one output are not appropriate. Also the allocation of costs in functional cost analysis may
be suspect due to non-proportional outputs. Scale economies are found in small banks while
diseconomies of scale are found in larger banks.

Shaffer and David (SD) estimate economies of scale for the 100 largest U.S. commercial banks.
They use hedonic terms to correct for the aggregate nature of Call Report data. SD use bank
assets as the measure of output and labor, and capital as inputs. They include qualitative
variables such as the uninsured deposits to insured deposits ratio, state banking laws, relative
volume of problem loans, and asset mix to adjust for differences in banks not accounted for in
the inputs and output defined. SD find the minimum efficient scale is between $15 and $37
billion in assets. These findings were robust to the various hedonic variables examined.

Dowling and Philippatos examine economies of scale in the U.S. savings and loan industry.
They defined output as total assets. They found that economies exist for S&Ls, the minimum
efficient scale decreased from 1979 to 1983, and substantial changes have occurred in operating
costs.

Multiproduct Cost Studies

Studies by Mester; Murray and White; Kim; Buono and Eakin; and Noulas, Ray, and Miller
examine both product specific economies of scale and economies of scope. These studies all
define and calculate the measures of cost economies as discussed above.

Mester studies the California savings and loan industry using 1982 data. She defines the three

outputs as mortgage loans, other loans, and cash, securities, other investments, etc. Mester
estimates product specific elasticities of 1.19 for mortgage loans, -8.24 for other loans, and -
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15.86 for cash, securities, other investments, etc. Only, the estimate on mortgage loans is
statistically significantly different from one, suggesting that only mortgage loans exhibit product
specific economies of scale. Mester estimates the economies of scope for the three outputs to
be 1.06. This estimate was not significantly different from zero. Mester also found that capital
and labor are substitutes. Mester concludes that no evidence of economies of scale is found in
her study indicating natural monopolies do not exist in the California savings and loan industry.

Murray and White, and Kim used the same data set to examine economies of scale and of scope
for British Columbia credit unions over the 1976 through 1977 period. Murray and White and
Kim (MWK) use the intermediation approach as did Mester. MWK define three outputs;
mortgage loans, other loans, and investments in excess of minimum liquidity requirements in
the estimation of their translog cost function. Input categories defined were labor services,
capital, demand deposits, and term deposits plus shares. The price variables were determined
using much the same methods as Mester.

Kim estimates product specific economies of 1.01 for mortgage loans, .39 for other loans, and
.98 for investments. Kim also estimates a global measure for economies of scope of .27 for the
production of the three outputs simultaneously. Kim concludes that the finding of product-
specific diseconomies of scale for nonmortgage loans in conjunction of the modest economies
of scope raises doubt on the existence of natural monopolies in British Columbia credit unions.
In addition, Murray and White find that labor and capital are substitutes and that homotheticity
is not supported by the data.

Buono and Eakin use functional cost data and a hybrid translog cost function to examine
economies of scale for 613 U.S. banks for 1985.- The hybrid translog differs from the translog
in that outputs are not logged while input prices are logged. This alleviates the problem caused
by zero output. Buono and Eakin divide the data up to analyze economies of scope and scale
in branch banking states and unit-banking states. Buono and Eakin use the intermediation
approach to define three outputs: loans, investments, and transaction deposits. They define
inputs to be capital, labor, time deposits, and purchased funds. The overall economies of scope
is .642 for banks in branch banking states and .092 for banks in unit banking states. Buono and
Eakin conclude that unit-state and branch-state banks have different cost structures. Economies
of scope are statistically significant in branch-state banks but not in unit-state banks.

Noulas, Ray, and Miller (NRM) examine economies of scale using the intermediation approach
in banks with total assets greater than $1 billion. NRM use 1986 Call Report data. NRM define
4 outputs as personal loans, real estate loans, commercial and industrial loans, and other
investments. NRM define 4 inputs as interest bearing 1) deposits greater than $100,000
excluding CDs (deposits), 2) CDs greater than $100,000, federal funds, demand notes, and other
borrowed money (funds), 3) labor, and 4) capital. NRM treat non-interest-bearing accounts as
quasi-fixed assets.

NRM reject homothetic production of outputs. They also reject the notion of short-run and long-
run constant returns to scale. They find that banks with assets between $1 and $3 billion exhibit
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economies to scale, while diseconomies of scale arise in banks of $3 billion and larger.
However, the economies and diseconomies of scale are not large. A problem with these findings
is that no confidence interval is placed around these elasticity estimates. NRM find that all
inputs are substitutes, with labor and capital having the largest degree of substitutability.

A common thread in all of these multiproduct cost studies is the use of the intermediation
approach and the similar definitions of inputs. These studies reject the hypothesis of homothetic
production technologies. Thus, the aggregation of output into a single commodity is
inappropriate. Another common finding in these studies is that some evidence of economies of
scale does exist for low levels of output, while diseconomies of scale exist for high levels of
output. However, the statistical significance of these results is not all that strong. Each of these
studies also find that global economies of scale are positive and exist, however, the estimates
are not statistically significant.

Conclusions

The efficient size of financial institutions is an important issue for the remainder of the 1990s.
With the recent waive of consolidation in the banking industry, an important issue is whether
the mergers are further exhausting economies of scale, or whether merger activity is creating
market power. This manuscript has examined the state of knowledge in bank efficiency from
empirical parametric multiproduct cost concepts. Individuals interested in agricultural banking
can learn a great deal from the banking literature as they begin to explore issues related to the
efficiency of agricultural banks.

Many of the more recent banking studies have used the intermediation approach to defining bank
activity rather than the production approach. The evidence in the finance literature is leaning
towards the rejection of homothetic production functions. Thus, the use of a single output to
» represent bank output is inappropriate. In addition, a fruitful area of study will examine
differences in cost surfaces in states with different banking laws. Finally, using longer time
series of data will add robustness to many of the previous empirical studies. Most importantly,
studies have not considered agricultural loans as a distinct output. Exploration of this part of
the cost surface offers opportunities to expand the frontiers of knowledge for agricultural
bankers.
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