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E conomists devoted little attention to differences across banks in
operational efficiency until about 15 years ago, when banks began
to fail with increasing frequency. Some economists (for example,

Bennett 1986, Davis 1986, Kaufman 1991) attributed the rising failure rate
in part to intensified competitive pressures generated by deregulation
and technological innovation. According to this view, stiffer competition
disciplined inefficient institutions viable only in a simpler, more protected
environment. If this hypothesis is correct, and a significant number of
banks are still inefficiently managed, then further deregulation and
teclmological change could "shake up and shake out" the banking indus-
try. Concern over this possibility has spurred efforts to estimate the
dispersion among banks in operational efficiency.

Using data from 1985 through 1993, this study evaluates the extent
to which operational efficiency--efficiency in the use of inputs--varies
within the First Federal Reserve District. This type of efficiency, often
referred to as "X efficiency," is one of three types. The other two are
economies of scale (efficiency from operating at optimal size) and
economies of scope (efficiency from optimal diversification of outputs).
Economists have generally found few economies of scale or scope in
bankingJ

This study relies on methodologies developed and applied by other
economists who have examined X efficiency in banking. Unlike most
other studies that have addressed this issue, however, this study focuses
on dispersion in efficiency within a region rather than the nation as a
whole.~ This subnational focus is appropriate because the characteristics
of an efficient bank may differ by region. For example, an operational
strategy that may be efficient in the Midwest may not be efficient in the
East, where institutional, legal, and regulatory environments are different
(Evanoff and Israilevich 1991). Furthermore, some banking markets may
be national, others regional or local. Consequently, while a bank in
Massachusetts may be inefficient relative to one in Missouri, the two



banks may not compete with each other in any mar-
ket. In evaluating a bank’s ability to withstand in-
creased competitive pressure, one should compare the
bank’s operational efficiency with that of its most
efficient competitors. In some markets, such as those
for lending to mid-sized businesses, the competitors
of Massachusetts banks are limited mostly to New
England institutions (see Dunham 1986 and Tannen-
wald 1994).

The article begins with a discussion of the prob-
lems inherent in measuring variation among banks
in X efficiency. It goes on to describe the principal
strategies that economists have devised to resolve
these dilemmas. The methodologies used in this study
are then presented, along with empirical results. The
next section interprets these results and critiques the
study’s methodologies. The final section sunm~arizes
and draws policy conclusions.

Unlike most studies that have
examined X efficiency in banking,
this study focuses on dispersion in
efficiency within a region rather

than the nation as a whole.

The study finds substantial dispersion in X effi-
ciency among First District banks. The characteristics
of this dispersion have changed over time, however.
Differences in X efficiency between the most and least
efficiently managed banks have widened. The least
efficient banks have fallen further and further below
prevailing efficiency standards. By contrast, differ-
ences between the most efficiently managed banks and
banks exhibiting an average degree of efficiency have
narrowed. One interpretation of this narrowing gap
is that the difficulties experienced by the District’s
banks during the late 1980s and early 1990s taught the
majority of bank managers a painful but effective les-
son on the importance of managing inputs efficiently.

However, the article points out several anomalies
in the empirical results that raise doubts about the
validity of the methodologies commonly used in mea-
suring X efficiency in banking. Consequently, the
article concludes that measures of bank efficiency need
further development before one can rely on them with
confidence.

I. Problems Inherent in the
Measurement of Bank Efficiency

Efficiency is the ratio of a system’s effective or
useful output to its total input. In order to evaluate the
efficiency of a machine or a business, one must iden-
tify and measure its inputs and outputs and determine
its minimum input/output ratio. Engineers are usu-
ally able to satisfy these requirements in measuring
the efficiency of a machine. For example, the fuel
efficiency of an automobile is measured by the number
of miles traveled per gallon of fuel consumed. Given
the characteristics of the automobile, the fuel utilized,
and the environment in which the vehicle operates,
engineers can deduce the maxhntun possible ntunber of
miles per gallon from laws of mechanics and physics.

Measuring the efficiency of a bank is more diffi-
cult for several reasons. First, a bank’s inputs and
outputs are hard to identify; indeed, they can be one
and the same. For example, demand and retail time
and savings deposits are inputs in that they are
important sources of funds used to finance loans. At
the same time, according to a national survey (Board
of Governors 1992), almost one-half of the operating
expenses incurred by U.S. commercial banks are de-
voted to servicing checking and savings accounts,
functions viewed by depositors as outputs.

Second, like many businesses, banks have several
h~puts and outputs whose quantities are difficult to
compare. Banks provide loans, checking accounts, and
savings accounts; manage custodial accounts; lease
equipment; underwrite securities; and provide a host
of other financial services. In so doing, they utilize
labor, land, machinery and equipment, and deposits.
Since the measures used to gauge the volume of these
outputs and inputs are not comparable, analysts of
bank efficiency measure total bank output and input in
terms of their monetary value. Monetary values, how-
ever, reflect price as well as quantity.

Third, the minimum input/output ratio that a
particular bank could achieve is difficult to determine
objectively. No laws of bank operations exist, parallel
to laws of mechanics and physics, to enable an expert
to deduce a bank’s maximum attainable performance
("best practice"). Rather, economists must infer best

~ See Evanoff and Israilevich (1991), Clark (1988), and Mester
(1987) for surveys of studies estimating economies of scale and
scope in banking. More recent estimates can be found in Mester
(1994a and 1994b) and Berger and Humphrey (1991).

2 The only other study of dispersion in X efficiency within a
region is Mester’s study for the Third District (Mester 1994a and
1994b).
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Table 1
Dispersion in X Efficiency a~nong First District Banks, Measured in Terms of Interquartile
Differences in Average Total Cost (ATC)a

1985 to 1989

Mean ATC, by ATC Quartile

First ATC Quartile (Lowest Cost)
Fourth ATC Quartile (Highest Cost)
Percentage Difference between Mean ATC

of First and Fourth ATC Quartilesb

Banks with Total Assets
Banks with Total Assets between $100 Million Banks with Total Assets
Less than $100 Million and $300 Million Greater than $300 Million

.078 .078 .082

.102 .100 .109

31% 28% 33%

1990 to 1993

Mean ATC, by ATC Quartile
First ATC Quartile (Lowest Cost)
Fourth ATC Quartile (Highest Cost)
Percentage Difference between Mean ATC

of First and Fourth ATC Quartilesb

Banks with Total Assets
Banks with Total Assets between $100 Million Banks with Total Assets
Less than $100 Million and $300 Million Greater than $300 Million

.072 .069 .073

.121 .107 .122

68% 55% 67%

aAverage total cost (ATC) = ratio of total cost to total assets. Total cost includes interest on time certificates of deposit of $100,000 or more; interest on other
deposits; interest on deposits in foreign offices, Edge Act and Agreement subsidiaries, and in International Banking Facilities (IBFs); expense of federal funds
purchased and securities sold under agreements to repurchase in domestic offices of the bank money; interest on mortgage indebtedness and obligations
under capitalized leases; interest on notes and debentures subordinated to deposits; salaries and employee benefits; expenses of premises and fixed
assets; and other noninterest expense.
U{(Mean ATC,. Fourth Quartile - Mean ATC, First Quartile)/Mean ATC, First Quartile} ,~ 100
Source: Federal Insurance Deposit Corporation, Reports on Condition and Income, and author’s calculations.

practice by observing the input/output ratios of actual
banks.

Precisely how to infer best practice is unclear. One
cannot simply pick banks with the highest value of
output per dollar of input, because this ratio is par-
tially determined by factors other than efficiency, such
as output mix and input and output prices. Banks with
a low input/output ratio may have access to unusu-
ally cheap labor and office space or specialize in types
of loans that are especially inexpensive to originate.
The method used to identify efficient banks must
control for such factors. The problem is comparable to
the need to control for differences in speed, tempera-
ture, weight, and road conditions in determining the
maximum possible fuel efficiency of an automobile.

As an illustration of the problem, suppose that
best practice banks in the First District were identified
as those with a relatively low ratio of total cost to total
assets, or average total costs (ATC). One could divide
the District’s banks into size groups, rank banks
within each size group in order of increasing ATC,
divide each group into ATC quartiles, and designate
banks exhibiting best practice as those in the first

(lowest) ATC quartile. To estimate the difference be-
tween best practice and worst practice, one could
compare the mean ATCs for the first and fourth
quartiles. Table 1 shows such comparisons for three
size groups and two time periods, 1985 to 1989 and
1990 to 1993. The revealed interquartile differences are
large, especially in the later time period. Among large
banks (those with more than $300 million in assets),
the mean ATC for the fourth quartile was 67 percent
higher than the mean ATC for the first quartile in the
1990 to 1993 period.

This difference could reflect factors other than X
efficiency, such as differences in the price of inputs.
Large banks in the fourth ATC quartile paid an
average interest rate of 6.0 percent on small time and
savings deposits during the 1990 to 1993 period. The
comparable average interest rate for the first quartile
was only 3.7 percent. Large fourth-quartile banks paid
an average interest rate of 9.4 percent on purchased
funds, while their first-quartile counterparts paid an
average rate of only 4.8 percent. These large differ-
ences in the price of funds, not differences in X
efficiency, may have been responsible for the inter-

May/June 1995 New England Economic Review 43



quartile difference in average ATC among large banks
between 1990 and 1993.

II. Alternative Methods of
Determining "Best Practice"

The three most prevalent methods for identifying
best practice are the data envelopment analysis ap-
proach (DEA), the stochastic econometric frontier ap-
proach (SEFA), and the thick frontier approach (TFA).3

Data Envelopment Analysis Approach (DEA)

Under this approach, a sample of banks is, in
effect, divided into subsamples that produce the same
level and mix of outputs and face similar input prices.4
In each subsample, the bank that incurs the lowest
total cost is deemed to exemplify best practice for that
subsample. The best practice banks form an efficiency
frontier that "envelops" other banks in the sample and
can be used to evaluate a bank’s X efficiency.

A simplified hypothetical example, limited to a
sample of banks producing only one output and using
only one input, is presented in Figure 1. Each point on
line AA* represents the bank using the least amount of
input at its level of output. Banks lying ~vithin the AA*
frontier are X inefficient; their degree of inefficiency is
measured by their distance from the frontier.

The DEA approach makes no attempt to distin-
guish between banks that are on the frontier because
they are truly the most efficient and those whose total
costs are depressed by other factors not held constant
by sample stratification. As a result, the approach
tends to produce upwardly biased estimates of disper-
sion in X efficiency. Other approaches attempt to
eliminate such bias in their estimates of the efficiency
frontier.

Stochastic Econometric Frontier Approach (SEFA)

In this approach, regression techniques are used
to estimate a model in which total cost is assumed to
be a function of several variables, including input
prices and the level and mix of outputs. A graphic
version of a simple cost model, in which total cost
varies only with the level of a single output, is shown
in Figure 2. Banks’ predicted total costs, given their
level of output, forms line BB*.

According to SEFA, the cost model is assumed to
represent best practice. Consequently, if the model
controlled perfectly for all cost determinants except X

efficiency, a bank whose observed cost equaled its
predicted value would exhibit best practice. A bank’s
relative X efficiency could be measured by the degree
to which its actual cost exceeded its predicted value.
By assumption, a bank’s actual cost could not be less
than its predicted value.

In fact, some cost determinants other than X
efficiency cannot be controlled for because they are
unknown or impossible to measure. The SEFA ap-
proach assumes that these cost determinants generate
random errors in prediction, distributed according
to a normal or bell-shaped curve. By contrast, errors
generated by X efficiency are assumed to be distrib-
uted according to a one-sided "half-normal" pattern.~
Given the different statistical properties of these two
distributions, one can distinguish deviations of actual
from predicted cost attributable to X efficiency from
those attributable to other factors. Critics of the SEFA
approach present empirical evidence suggesting that
predictive errors attributable to variation in X effi-
ciency are not in fact distributed according to a
half-normal pattern. (See, for example, Berger and
Humphrey 1991.)

3 See Evanoff and Israilevich (1991); Berger (1993); Berger,
Hunter, and Timme (1993); and Mester (1994a and 1994b) for other
descriptions and comparisons of these approaches.

A fourth, recently developed approach to the measurement of
X efficiencies in financial institutions is the "distribution-free"
approach, developed by Berger (1993). According to this approach,
a cost function is estimated for a sample of financial institutions for
each of several years. (For example, Berger and Humphrey (1991)
estimate such a function for a constant nationwide sample of bank
holding companies each year between 1980 and 1990.) Each bank
holding company’s average residual over the entire time period is
then compared with the comparable average residual for each bank
holding company within its peer group. The bank holding company
with the lowest average residual is considered to exhibit best
practice for the peer group. The key assumption implicit in this
approach is that random error averages out over tinge.

Yet another approach, recently applied by Akhavein, Swamy,
and Taubman (1994), is capable of estimating a unique efficiency
frontier for each bank in a sample. The approach is based on a
general fixed-coefficients profit function that relaxes many of the
arbitrary assumptions required in other approaches.

4 Although output prices should also be controlled for, prices
of most banking outputs are difficult to observe. For example, in
making loans, banks often tailor the terms of each loan to the
characteristics of the borrower, such as profitability, size, and
volume of debt outstanding. The terms of each loan involve many
variables, such as interest rate, maturity, down payment, and
collateral, so that measuring the price of any particular type of loan
is extremely difficult.

s Most observations in a half-normal distribution are clustered
at or near one extreme value. The further one moves away from this
extreme, the lower the probability of finding an observation. A
detailed description of the statistical properties of a half-normal
distribution is presented in Mester (1994a and 1994b).
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Figure 1

The Data Envelopment Analysis Approach
to Analyzing Differences across

Banks in X Efficiency
In 3ut (billions of dollars)
2.0
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Output (billions of dollars)

Note: The observations in this figure consist of a pooled cross-section
time series sample of First District commercial banks spanning the
years 1985 through1993. The cross-sectional sample from each year
includes all Bank Insurance Fund (BIF)-insured banks domiciled within
the First District in that year except 1) banks created de novo within
the previous two years or operating in less than seven of the ten
years from 1984 through 1993; 2) banks whose deposits-to-assets
ratio was less than 0.15; and 3) banks whose total output exceeded
$20 billion. The rationale for exclusions 1) and 2) is given in Section
III of the text. Banks with more than $20 billion in annual output were
distant outliers. The vertical axis measures a composite input consisting
of the sum of employee compensation, expense of fixed assets,
interest expense of small time and savings deposits, and interest
expense of all purchased funds. The horizontal axis measures a
composite output consisting of demand deposits, small time and
savings deposits, rea! estate loans, commercial and industrial loans,
and consumer installment loans. The total number of observations
(1.315) appears much smaller than the actual number because so
many of them are clustered in the lower left corner of the figure.

Source: Federal Deposit Insurance Corporation, Reports on Income
and Condition. and author’s calculations,

The Thick Frontier Approach (TFA)

The thick frontier approach, pioneered by Berger
and Humphrey (1991), borrows elements from both
DEA and SEFA. Like SEFA, TFA embraces the as-
sumption that deviations of actual from predicted
total cost are attributable to random error as well as X

Figure 2

The Stochastic Econometric Frontier
Approach to Analyzing Differences across

1.0

Banks in X Efficiency
In }ut (billions of dollars)
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./

y ." :
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Output (bilhons of dollars)

Note and Source: See Figure 1.

efficiency. Like DEA, TFA assumes that best practice
is exhibited by a subset of banks. Specifically, TFA
assumes that, on average, banks with relatively low
average cost (total cost/total assets) set the standard
for operational efficiency against which other banks
should be measured. Practitioners of TFA have usu-
ally identified low-average-cost banks as those in the
lowest average-cost quartile within their size group.
TFA defines best practice by estimating a total cost
function from a subsample limited to these banks.
Although observed total costs within this sample still
deviate from their predicted values, these deviations
are assumed to result solely from random error.

TFA is illustrated in Figure 3. CC* is a total cost
function fitted to the observed total cost of banks in
the lowest average-cost quartile in their size groups,
represented by circles. Among these low-cost banks,
few exhibit total costs that exactly equal their pre-
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Figure 3

The Thick Frontier Approach to
Analyzing Differences across

Banks in X Efficiency
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Note and Source: See Figure I.

dicted values (in other words, fall on line CC*).
Predictive errors are assumed to be random. Thus,
banks below and above CC* are not assumed to be
"superefficient" and "inefficient," respectively; rather,
their deviations are attributed exclusively to random
error. The term "thick frontier" comes from TFA’s
usage of all the low-average-cost firms to identify best
practice, including those with observed total costs
above and below predicted values.

For comparative purposes, a total cost function
estimated for banks in the highest average cost quar-
tile in their size group (represented by squares in
Figure 3) is also drawn in Figure 3. This fitted line, CD,
represents worst practice. As explained in the next
section, a comparison of the two functions reveals the
degree to which banks within a given sample vary in
X effficiency.6
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III. Methodology and Results

This study uses two of the widely used standard
methodologies described above to measure variation
in X efficiency among First District banks between
1985 and 1993. TFA is used to estimate the difference
in X efficiency between the District’s ’:best practice"
and "worst practice" banks. Estimates are performed
for two time periods, 1985 to 1989 and 1990 to 1993. A
hybrid of TFA and SEFA is used to estimate the
difference in X efficiency between the District’s best
practice and average practice banks for each year
between 1985 and 1993. (Sample sizes are too small to
permit annual estimation of the range of efficiency
between best and worst practice institutions.)

Both sets of estimates utilize the categorization of
inputs and outputs in the study by Bauer, Berger, and
Humphrey (1993). Four inputs and five outputs are
identified. Inputs include labor, land and physical
capital, interest paid for purchased funds, and interest
paid on demand and retail time deposits. The five
outputs include three types of loans and two types of
deposits. The loan categories are real estate, commer-
cial and industrial (including construction and land
development), and consumer. The deposit categories
are demand deposits and retail time and savings.

The sample of banks in each year includes all
Bank Insurance Fund (BIF)-insured banks domiciled
within the First District with the following exceptions:
1) Banks created de novo within the previous two
years or operating in fewer than seven of the ten years
from 1984 through 1993. In general, banks incur atyp-
ical start-up costs in the first several years of their
existence that are difficult to control for. 2) Banks
whose deposits-to-assets ratio was less than 0.15. Since
these institutions either are trust companies or func-
tion like them, factors affecting their total costs are
different from those influencing the total costs of
banks.

Use of Cost Functions to Compare Dispersion in
X Efficiency: 1985 to 1989 and 1990 to 1993

As explained in the previous section, the numer-
ous studies that have used the TFA approach deter-
mine best practice by estimating a cost function from
a sample of banks ranking low in average cost com-
pared to other banks of similar size. Next, these

6 TFA does not permit one to estimate the relative X efficiency
of a particular bank because, within the lowest and highest ATC
quartiles, differences in X efficiency are assumed away.
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Table 2
Difference between Best Practice and Worst Practice Banks, First District, by Size Group
Percent of Average Total Cost

Banks with Total Assets
Banks with Total Assets between $100 Million Banks with Total Assets
Less than $100 Million and $300 Million Greater than $300 Million

1985 to 1989                    25 7 21

1990 to 1993 45 34 51

Note: Figures are tile estimated percentage increase in total costs that best practice banks would experience if their x efficiency deteriorated to worst
practice. See Appendix for methodological details.
Source: Federal Insurance Deposit Corporation, Reports on Condition and Income, and author’s calculations.

studies determine worst practice by estimating the
same function from a sample of institutions ranking
high in average cost compared to other banks of
similar size. Then, the studies estimate how much a
representative best practice bank would raise its pre-
dicted total cost by downgrading its X efficiency to
worst practice. This is accomplished by comparing the
bank’s total cost predicted from the best practice
model with that predicted from the worst practice
model.

In order to implement this strategy, two samples
of banks were created by pooling data for 1985
through 1989 and for 1990 through 1993, respectively.
Banks in each pooled data set were divided into three
size groups and, within each size group, into ATC
quartiles, just as they were in the comparisons pre-
sented in Table 1. All banks ranking in the lowest
quartile within their size group were assumed to
exhibit best practice, all banks ranking in the highest
quartile to exhibit worst practice.

In most studies following the TFA approach,
translog cost models are estimated for the best practice
and worst practice subsamples, respectively. In trans-
log cost models, explanatory variables interact in
complex ways to influence total cost. The influence of
each variable is assumed to depend on both its own
value and that of each other cost determinant included
in the model. For example, according to the translog
form, the impact of an additional dollar of real estate
loans on total cost partially depends on the volume of
each of the outputs because diversification of output
can affect economies of scope. The impact of an
increase in real estate loans is also assumed to depend
in part on the cost of labor (as well as the cost of other
inputs), since the provision of real estate loans may be
more or less labor-intensive than that of other outputs.

In a translog cost function, total cost is also
partially determined by the square of each cost factor.
Inclusion of squared terms reflects the assumption
that the relationship between a given cost determinant
and total cost may be nonlinear, that is, it may vary
with the determinant’s value. For example, as a bank’s
loan portfolio expands, it may experience decreasing
average cost because of economies of scale. At some
point, diseconomies of scale set in, causing average
cost to increase with further loan growth. Many rela-
tionships between outputs and costs follow this "U-
shaped" pattern.

Some economists (for example, Mitchell and On-
vural 1992 and McAllister and McManus 1993) have
questioned whether translog functions accurately re-
flect how input prices, output mix, and other factors
interact to determine a bank’s total cost. These econ-
omists are particularly skeptical of the accuracy of
translog cost functions when they are estimated from
samples of banks exhibiting wide variation in values
of cost determinants. Despite these limitations, this
study follows the common practice of using the trans-
log form.

The estimated translog cost models (described in
the Appendix and presented in Appendix Tables 1
and 2) were used to evaluate "X efficiency gaps"--
percentage increases in average total cost that repre-
sentative best practice banks would suffer if their X
efficiency deteriorated to worst practice.7 The results
of this evaluation are presented in Table 2. A compar-
ison of Table 2 with Table 1 yields at least one
noteworthy difference and one similarity. For each

7 For each size group, the representative best practice bank
possessed the mean value among banks in the lowest ATC quartile
for each variable in the cost function.
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size group in each time period, the efficiency gap
reported in Table 2 is smaller than the comparable
ATC interquartile difference reported in Table 1. Thus,
controlling for factors other than efficiency narrows
the interquartile gaps. As in Table 1, interquartile
differences are narrower during the 1985 to 1989
period, when the efficiency gap ranged between 7
percent and 25 percent, than during the 1990 to 1993
period, when they ranged between 34 percent and 51
percent.8

Estimates of Annual Efficiency Gaps between
Best Practice and Average Practice

Given the limitations of available data, the ability
to evaluate dispersion in X efficiency on an annual
basis is more limited than over the longer time periods
used for Table 2. Consequently, differences between
best practice and average practice were estimated for
each year instead of differences between best practice
and worst practice. In order to measure differences
between best practice and worst practice, one must be
able to estimate cost functions from 25-percent sub-
samples of First District banks. As alluded to in the
previous section, the population of First District banks
is too small to support such quartile-specific estimates
on a year-by-year basis.

As noted above, annual differences between best
practice and average practice were estimated with a
hybrid of the standard SEFA and TFA methodologies
employed by other economists. As in SEFA, a translog
cost function was estimated with banks drawn from
all ATC quartiles. However, contrary to standard
SEFA methodology, the estimated cost function was
not assumed to represent best practice. The predictive
errors attributable to all variables not included in the
cost model, including X efficiency, were assumed to be
random and, therefore, to have an expected value of
zero. Consequently, the cost model provided esti-
mates of what each bank’s total cost would be under
the assumption that it exhibits average practice.

It was assumed, as in the TFA approach, that
banks in the lowest ATC quartile in their size group
exhibit best practice. An ATC dummy variable was
included in the cost model, assigned a value of 1 if a
bank was in the lowest ATC quartile and 0 if it was
not. The coefficient on this dummy variable indicates
by what percentage a bank would increase its total
cost if its level of X efficiency deteriorated from best
practice to average practice.

The estimated coefficients on the ATC dummies
for the years 1985 through 1993, expressed in percent-

age terms, range from -4 percent (1991 and 1993) to
-14 percent (1986) (Figure 4 and Appendix Table 2).
This range includes the -8 percent point estimate
made by Mester (1994a and 1994b) for Third District
Banks in 1992. The coefficients tend to get smaller over
time, suggesting that differences between best practice
and average practice in the First District narrowed
over the 1985 to 1993 period. The difference, -4
percent, is statistically significant in 1991 and insignif-
icant in 1993. This trend contrasts with the widening
gap over the same time period between best practice
and worst practice (Table 2).

IV. h~te~vretation of Results

Two interpretations of these diverging trends are
offered here. According to one, these trends reflect a
"shake-up and shakeout" of New England’s banking
industry, in which increasing deregulation and cycli-
cal shocks have compelled most institutions to man-
age their inputs more efficiently, while some have
been too burdened by problem loans to do so. Accord-
ing to the other interpretation, these diverging trends
are spurious empirical results reflecting flaws in esti-
mation procedures.

The "Shake-Up and Shakeout’" h~terpretation

The results presented in the previous section are
consistent with the theory that deregulation and se-
vere financial stress have compelled First District
banks as a whole to manage their inputs more effi-
ciently. From 1978 through 1982, several federal laws
broadened the competitive interface between banks
and other financial institutions.9 In addition, the New

s The 7 percent estimate for the efficiency gap among First
District banks in the $100 milliou to $300 million range is consider-
ably narrower than the comparable gap found by Bauer, Berger, and
Humphrey (1993) in the United States for 1985 to 1988, using TFA.
Precise comparisons with their findings are difficult because they
used eigbt size groups h~stead of three. They found efficiency gaps
for this four-year period averaging 21 percent in the $100 million to
$200 million asset range, and 19 percent for the $200 n-fillion to $300
million range. Their estimated efficiency gaps for banks in the $300
million to $!0 billion range were similar to the 21 percent reported
in Table 2 for First District banks in the $300 million plus group.
The3, found ll~.ttch larger efficiency gaps (well over 40 percent) for
banks with total assets exceeding $10 billion.

9 For example, the Financial Institutions Regulatory and Inter-
est Rate Control Act of 1978, the International Banking Act of 1978,
the Depository Institutions Deregulation and Monetary Control
Act of 1980, and the Garn-St Germain Depository Institutions Act
of 1982. See Spong (1994) for an overview of U.S. balxk regulatory
policy.
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Figure 4
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X Efficiency Gaps: Best Practice vs. Average Practice, 1985 to 1993,
First District Commercial Banks

1985 1986 1987 1988 1989 1990 1991 1992 1993

Note: Figures indicate percentage increase in total costs that best-practice banks would experience if their x efficiency deteriorated to average practice. They
are identical to the coefficients on the ATC dummy variable in the cost function presented in Appendix Table 1.

Source: Federal Deposit Insurance Corporation, Reports on Income and Condition, and author’s calculations.

England states passed interstate banking bills over the
course of the 1980s that increased the geographic
dispersion of bank holding compalxies.!° In theory,
intensified competitive pressures created by these
various deregulatory measures could have forced First
District banks to become more X efficient. The full
impact of these pressures may not have been felt until
the late 1980s, after banks had sttfficient time to adjust
to their less regulated environment. This theory is
consistent with the narrowing gap between best prac-
tice and average practice between 1985 and 1993.

In addition, New England’s banking industry was
subject to severe financial stress during the late 1980s
and early 1990s. As a result, many banks experienced
a sharp rise in their ratio of nonperforming loans to
total assets. This shock theoretically could have pro-
vided an additional incentive for the average bank to
enhance X efficiency. Those institutions experiencing
the sharpest deterioration in their loan portfolios,
however, generally were subject to the most severe
regulatory discipline and therefore cut their lending
more sharply than the banking industry as a whole.
They were compelled to allocate staff and to hire
consultants to cope with their financial problems, with
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little or no additional output to show for it. In theory,
these requirements could have caused their X eff~-
ciency to decline relative to best practice. Thus, while
increasingly intense competition and financial stress
may have induced the majority of banks to become
more X efficient, the same factors may have so dam-
aged some banks that they could not become more
efficient. Instead, these institutions were forced to cut
output and to cope with their acute financial difficul-
ties, sacrificing X efficiency in the process.

Consistent with this theory is the correlation be-
tween the rising incidence of problem loans and the
widening gap in mean ATC between the first and fourth
ATC quartiles, demonstrated in Figure 5. In all three size
categories, and in both the 1985 to 1989 and 1990 to 1993
time periods, nonperforwJng loans as a percentage of
total assets is larger for the highest ATC quartile than for
the lowest ATC quartile. The difference in tl~is percent-
age between ATC quartiles is significantly larger in the
later time period for all three size groups.

~0 These changes in interstate banking laws and regulations
within the region are discussed in Syron (1984) and Dunham and
Syron (1984).
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Figure 5

Perceet
8

6

4

2
1985-89

Nonperforming Loans as a Percentage of Total Assets,
First District Bank Samples, by Average Total Cost Quartile

1990-93

1985-89

1990-93
First (Lowestl ATC Quartile,
for Size Group

]
Fourth IHighest) ATC Quartile,
for Size Group

1990-93

1985-89

0
Small                                Medium

(Assets under $100 million) (Assets $100 million to $300 million)
Source: Federal Deposit Insurance Corporation, Reports on Income and Condition, and author’s calculations.

Large
(Assets over $300 million)

The "Spurious Results" Interpretation

The trends reported in Figure 4 and Appendix
Tables 1 and 2, although consistent with the "shake-
up and shakeout" theory, may be spurious. Several
troubling characteristics of the annual estimated cost
models displayed in Appendix Table 2 raise doubts
about the trends’ statistical validity. First, the coeffi-
cients on several variables fluctuate widely from year
to year. For example, as shown in Row 4, the coeffi-
cient on the volume of small time and savings deposits
(LDTS) plummets from 0.966 in 1987 to -1.010 in
1988, climbs to -0.395 in 1989, climbs further to 0.010
in 1990, falls back sharply to -0.820 and -0.853 in
1991 and 1992, respectively, and then plummets to
-3.575 in 1993. Several of the coefficients on other
variables in the cost function exhibit extreme intertem-
poral volatility, as do the coefficients estimated from
pooled cross-section time series data for 1985 to 1989
and 1990 to 1993 (Appendix Table 1). Such volatility is
difficult to explain and therefore casts doubt on the
accuracy of the estimated coefficients.~1

Another disturbing characteristic of the coeffi-
cients is their sensitivity to slight changes in data
samples. As stated in Section III, all banks not present
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for at least seven years between 1984 and 1993, de
novo banks, and banks with a ratio of deposits to
assets of less than 0.15 were excluded from the sam-
ples used to estimate the cost functions. In each year,
a few banks had a ratio of deposits to assets of less
than 0.15 but met the other two criteria for inclusion.
When these banks were included in the samples, the
estimates of the coefficient on the ATC dun~ny vari-
able changed dramatically and the tendency of the
coefficient’s absolute value to fall over time vanished.
Such sensitivity to slight changes in sample definition

11 The intertemporal volatility of the coefficients may be symp-
tomatic of the biases inherent in the translog functional form,
mentioned in Section III of the text.

The intertemporal volatility of the coefficients is not the same as
the total elasticities of cost with respect to cost determinants. Each
determinant appears in several different terms h~ the cost function:
a linear term, a squared term, and several interaction terms. In the
theory, intertemporal variation in the coefficients on some terms
could offset the variation in the coefficients on others, resulting in
little variation over time in the total impact of each determinant.

To explore this possibility, the total elasticity of total cost with
respect to each of the five outputs in the model was evaluated at the
mean value for each output, using the annual cost model estimates.
The results, presented in the Appendix, suggest a substantial
amount of year-to-year variation in total cost elasticities with
respect to various outputs.
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Table 3
Percentage of Banks in the Lowest-Cost
ATC Quartile Tzoo Years in a Row,
1985 to 1993

Banks in Lowest-Cost ATC
Number of Banks Quartile for Their Size Group

in Sample    Present in Both Years of Pair,
Pairs of Present in as a Percentage of Banks in
Consecutive Both Years Lowest-Cost ATC Quartile
Years of Pair in First Year of Pair
(1) (2) (3)

1985-86 173 20.2
1986-87 176 28.4
1987-88 178 30.3
1988-89 178 23.6
1989-90 178 21.3
1990-91 151 18.5
1991-92 136 21.3
1992-93 128 39.1
Note: Calculations reported in column (3) are based on banks present in
both years of pair.
Source: Federal Deposit Insurance Corporation, Reports on Condition
and Income, and author’s calculations.

suggests problems with the underlying data, the cost
function, or both.

An especially troubling indication of methodolog-
ical problems is the large year-to-year variation in the
identity of banks in the lowest-cost ATC quartile for
each size group. According to the thick frontier ap-
proach, banks possessing this characteristic are as-
sumed to exhibit best practice. Given this assumption,
one would expect the identity of best practice banks to
exhibit some intertemporal stability. At a minimum,
one would expect at least one-half of all banks in the
lowest-cost ATC quartile for their size group in a
given year to be in the lowest-cost ATC quartile for
their size group in the following year. According to
Table 3, however, the average annual rate of turnover
in banks ranking in the lowest-cost ATC quartile for
their size group far exceeds 0.5. Column I lists all pairs
of consecutive years during the sample period, 1985 to
1993. Column 2 reports the number of banks present
in the sample in both years. Column 3 reports, for this
subsample, the percentage of all banks in the lowest-
cost ATC quartile for their size group in the first year
of the pair of years that is also in the lowest-cost ATC

quartile for their size group in the second year. For
example, in 1985-86, 20 percent of the banks present
in both 1985 and 1986 and in the lowest-cost ATC
quartile for their size group in 1985 were also in the
lowest ATC quartile for their size group in 1986. This
percentage varies between 19 percent and 40 percent,
suggesting turnover rates roughly between 0.6 and
0.8.

V. Summary and Conclusions

Measures of dispersion among banks in X effi-
ciency have many potential applications. They can
assist in the identification of banks vulnerable to
competitive pressures generated by further deregula-
tion and technological change. In so doing they can
help regulators choose where to channel their scarce
resources, especially those devoted to improving bank
management. They can assist in the evaluation of
potential efficiency gains or losses resulting from bank
mergers.12

This article develops estimates of the dispersion
in X efficiency among First District banks between
1985 and 1993. It shows evidence that, over time, the
average First District bank has realized an increasing
percentage of its potential X efficiency. In 1993, the last
year studied, the gap between best practice and aver-
age practice banks within the District was statistically
insignificant. By contrast, the gap in efficiency between
the most and least efficient banks has widened consid-
erably, suggesting the presence of a group of banks
quite vulnerable to further competitive pressure. The
advent of unlimited interstate branching could be a
source of such pressure in the near future.

However, methods for estimating interbank dif-
ferences in X efficiency are still in the developmental
stage. The cost functions at the heart of these efficiency
estimates are unstable over time, casting doubt on
their accuracy. Key assumptions underpinning some
of these methods are not supported by empirical
evidence. Estimates of differences among banks in X
efficiency need further refinement before they can be
used confidently as public policy indicators.

12 This potential application of measures of X efficiency has
already been demonstrated in several studies. See Wall, Srinivasan,
Narayanan, and Takeda (1994) for such a study and a review of
previous such studies.
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Appendix

Translog Cost Model

The formal translog cost model estimated in this study
(Appendix Tables 1 and 2) can be written as:

5 4

(1)

4 5

where:

TC = real total cost (interest and operating costs deflated
by the GNP deflator). As is standard h~ banking
studies, cost figures do not include loan losses. They
are instead effectively treated as a decline in reve-
nue, since the rates charged on loans include premia
to cover the expected value of these losses;

Y~ = real value of output i: 1) demand deposits, 2) small
time and savings deposits, 3) real estate loans, 4)
commercial and industrial loans, and 5) installment
loans;

Pk = real price of input k: 1) labor, 2) physical capital, 3)
interest rate on small time and savings deposits, and
4) interest rate on purchased funds;

Sk = cost share of input k, which equals dlnTC/31nPk
from equation (1) plus an error term;

~, xt/k = error terms.

The standard symmetry and linear homogeneity in input
price restrictions are imposed in estimation, as are the
Shephard’s Lemma cross-equation restrictions. One of the
share equations is dropped to avoid singularity. Estimates

of the parameters for the share equations are available from
the author upon request.

Methodology for Computing Difference
between Best Practice and Worst Practice
Banks, as Reported in Table 2

Following the methodology of Berger (1993), the differ-
ences reported in Table 2 for each time period were com-
puted according to the following formula:

INEFF = (ACQ4 - AcQ43/ACQ4

ACQ4 was calculated in the following manner: 1) the average
values of all cost determinants in the cost model were
computed for banks in the lowest average cost (ATC)
quartile; 2) using the model estimated with the lowest ATC
quartile data, total cost was estimated for a hypothetical
bank exhibiting these average values for the cost determi-
nants; 3) this total cost estimate was divided by the average
value for total assets for lowest quartile banks, to arrive at
predicted ATC for the hypothetical low AC bank.

ACQ4* was calculated in the same manner, except esti-
mated total cost was derived from the cost model estimated
from the highest ATC quartile.

A~alysis of Total Impact of Output
Variables on Total Cost

As mentioned in footnote 11, simulations were per-
formed to evaluate the elasticity of total cost with respect to
each of the five outputs in the cost model at the output’s
mean value. For each of the five outputs in each year, the
observation with the mean value for that output was iden-
tified. It was then assumed that the value of that output
increased by 10 percent. The resulting percentage increases
in predicted cost, based on the annual estimated cost func-
tions (Appendix Table 2), were divided by 10 to arrive at the
estimated elasticities. The results are reported in Appendix
Table 3. Note the sharp, difficult-to-explain jumps in the cost
elasticity with respect to demand deposits from 1988 to 1989,
consumer instalhnent loans from 1992 to 1993, and small
time and savings deposits from 1991 to 1992 and from 1992
to 1993.
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Appendix Table 3
Elasticity of Total Cost zoith Respect to Each of Five Outputs, Evaluated at Output Mean

1985 1986 1987 1988 1989 1990 1991 1992 1993

Real Estate Loans                 -.1 0 0 .1 0 0 .2 0 -.2

Demand Deposits .1 .1 0 .1 .6 0 .1 0 -.1

Small Time and Savings Deposits 1.1 .9 .9 .9 1 .7 .6 .9 1.3

Commercial and Industrial Loans 0 0 0 -.1 .2 .1 .1 0 0

Consumer Installment Loans -. 1 -. 1 0 0 0 .2 0 .1 1

Note: See appendix text for methodological details.
Source: Same as for Appendix Tables 1 and 2.
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