Estimation of: Efficiency, Scale & Scope and Productivity Measures of UAE Banks

by

Dr. Ananth Rao

Assistant Professor  (Finance & Banking)

College of Business Administration

Dubai University College

PO  Box 14143, Dubai,

United Arab Emirates (UAE)

Phone (Office): 00 - 971 - 4 - 2072630

Fax (Office): 00 - 971 - 4 - 2242151

E - mail: arao@duc.ac.ae

   Estimation of: Efficiency, Scale & Scope and Productivity Measures of  UAE Banks
1

AB STRACT

This study estimated cost in efficienc y, scal e & scope measures and cost productivit y
growth rates of banks in United Arab Emirates during 1998 (a bad year for banks due to
lower oil price) and 2000 (a good year for banks as the oil prices were hi gh er ) . The study
provided evidence that:

                         -  Substantial cost X - inefficiencies and scope economies existed in UAE banks.

                         -  Average s mall banks improved their scale economies in 2000, while large banks

                                                  maintained constant returns to scale than in 1998.

                         -  Cost prod uctivit y rate of average banks increased by 24% (when compared to the

                                                  best - practicing banks) .

Ke y terms:  UAE Banks, Cost inefficienc y, Scale and Scope estimates , Cost

  Productivit y growth rat e, Forei gn Investment.

JEL Classification:  G21, L25

1

                                                  T he paper was presented at the European Conference of Financial Management Association

Internatio nal (FM AI ˘  USA) , in Copenhagen, Denmark on 6
th

 June 2002
.

T he author ackno wledges the
valuable co mments provided by the participants at the FM AI conference.

 T he author also ackno wledges the encouragement and support given b y the University through
granting release time for the current research.

      Estim ation of: Efficiency, Scale & Scope and Productivity Measures of UAE Banks

                                                                                             ( Non - technical summar y for practitioners and non - specialists )

Scale efficienc y refers to the relationship between a firm´s average cost and output.

Scope efficienc y refers to the economies of joint production, where the cost of producing

joint products is less than the sum of their standalone production costs. Productivity

change or change in cost efficienc y refers to the extent of change in cost due to

combination of Change in bes t practice cost functions, Change in inefficienc y and

Change in business conditions over time . Recently research on banking efficienc y has

allotted more attention to the issue of X - inefficienc y. X - inefficienc y refers to the

deviations from the production e fficient frontier, which depicts the maximum attainable

output for a given level of input.

Within the ^Gulf region~, United Arab Emirates (UAE) is the second highest in terms of

branch densit y with one bank branch serving almost 12000 populations  in the y ear 2000.

Such an over - banked situation has resulted in increased competition, reduced margins,

limited lending opportunities for banks and hence efforts are needed to increase their

productivity.  No in - depth study has so far been reported on performance a nd efficienc y

anal ysis of banks in UAE. Therefore, t he current research studied 35 commercial banks

operating in UAE during 1998 (a weak year for banks as the oil price s were  lowest) and

2000 (a good year for banks as the oil prices were higher). U s ing  sto ch astic cost frontiers ,

t he study provided evidence that:

                                                  -  Substantial cost inefficiencies existed in UAE banks. The cost inefficiency of

                                                                           the average medium - sized banks (i.e., with total assets around 19 billion

                                                                           AED) improved to 15.6% in 2000 (from 18.7% i n 1998).

                                                  -  Average s mall - sized banks were more cost efficient in 2000 compared to

                                                                           average large - sized banks.

                                                  -  On an average, all the banks in general exhibited increasing returns to scale in

                                                                           2000 compared to 1998.

                                                  -  Average s mall banks improved their scale eco nomies in 2000 while average

                                                                           large banks maintained constant returns to scale.

                                                  -  When compared to the best - practicing banks, cost productivity rate of

                                                                           medium - sized banks increased between the two periods. This increase in cost

                                                                           productivity rate was contribu ted, to a major extent by the improved practices

                                                                           in cost functions adopted by these banks and changes in business conditions.

                                                  -  All the banks exhibited substantial scope economies in 2000 indicating the

                                                                           need for these banks to exploit the potential by offeri ng diversified services

                                                                           rather than specializing in a few areas.

With the UAE entering into the fold of WTO  and acquiring the status of the International

Financial Center in the next couple of years  in the Gulf region to attract foreign
investments in the  banking sector , these findings appear to be important for large UAE
banks to reduce cost - inefficienc y through efficient Asset and Liability Management.

     Estimation of: Efficiency, Scale & Scope and Productivity Measures of UAE Banks

Introduction

Product ivity of a firm refers to efficienc y of : Firm´s production function yielding the

maximum  possible output from given quantities of inputs;  Firm´s cost function incurring

the minimum  level of cost to produce some level of output given input prices; and a

f irm´s profit function generating the maximum  profit given output prices and input

prices. Each of these functions differs b y the optimization criterion of maximality or

minimality. The word frontier  can meaningfull y be applied in each of the three cases

be cause the function sets a limit to the range of possible observations. Thus, for example,

one ma y observe points below the production frontier (inefficient firms producing less

than maximal possible output) but no points can lie above the production fronti er. One

may also observe points above the cost frontier (inefficient firms incurring more than

minimal cost for producing maximal possible output) but no points can lie below the cost

frontier.  Similar comments apply to suitably defined profit frontiers. The extent of

deviation by which a firm lies below (above) its production (cost) frontiers can be

regarded as measures of inefficienc y.

There exists a broad range of research studies on efficienc y analysis of banking firms in

developed and developing econ omies. These studies encompass the issue of scale and

scope efficienc y as well as change in productivity over time.  Scale efficienc y refers to

the relationship between a firm´s average cost and output. Detection of U - shaped average

cost curve suggests tha t there is an optimal scale of production at which point the

production cost would be minimized. Scope efficienc y refers to the economies of joint

production, where the cost of producing joint products is  less than the sum of their
standalone production co sts. Productivity change or change in cost efficiency refers to the
extent of change in cost due to combination of Change in best practice cost functions,

Change in inefficienc y and Change in business conditions over time.

More recently, research on banki ng efficienc y has allotted more attention to the issue of

X - inefficienc y. X - inefficienc y refers to the deviations from the production efficient
frontier, which depicts the maximum attainable output for a given level of input. 1

Research on US banks suggests  that, X - inefficiencies appear to be large and tend to
dominate scale and scope inefficiencies. 2

Research Objectives

Within the ^Gulf region~, United Arab Emirates (UAE) is the second highest in terms of
branch densit y with one bank branch serving almo st 12000 population in the year 2000.

Such an over - banked situation has resulted in increased competition, reduced margins,
limited lending opportunities for banks and hence efforts are needed to increase their
productivity.

To the best of our knowledge, no prior study has been reported on performance and
efficienc y anal ysis of banks in UAE. In fact the only stud y reported in the Gulf - region
was b y Al - Faraj et al (1993) who used data envelopment methodology (a non - parametric
method) for evaluation of bank branches in Saudi Arabia 3

.
 It is, therefore, of interest to

policy makers in UAE banking industr y and academicians to research on the following

specific objectives:

                         1.  Does there exist cost X - inefficienc y in banking industry?  If yes, what is the level

                                                  of the  inefficienc y?

                         2.  How do these cost productivity estimates compare with other developed

                                                  countries?

                         3.  What are the scale and scope estimates of these banks and how do the y compare

                                                  to other banks internationally?

                         4.  What is the magnitude of change in cost inefficien cy over time and how do they

                                                  compare with other studies?

These research questions have major relevance to UAE banking polic y issues because of

its importance to the UAE econom y as a whole, and are especiall y important given the

substantial changes in bank ing markets and banking regulations in UAE. For instance, if

inefficient banking firms have a tendenc y to remain inefficient, it would be of interest for

the policy makers to investigate how these banks can remain economicall y viable and not

be driven out of the banking market.

Further, the polic y makers and regulators would be concerned about whether inefficient

banking firms pose additional risks to the banking s ystem and its safet y net. Because, a

key role of a countr y´s bank regulators is to limit sys tematic risk ˘  the risk that the

problem of a few banks, which could spread to many other banks that are otherwise

available. The bank inputs comprise of labor and  capital and their costs are included since
only ph ysical inputs are needed to process transaction.

Under the intermediation approach, banks intermediate funds between savers and
investors. With this approach, service flows are typically assumed to be pr oportional to
the stock of financial values in the accounts such as the number of $ of loans, $ of
deposits etc (Berger and Humphre y 1991). The input of funds and their interest costs are
included as input costs since funds are the main raw materials which  are  transformed in
the financial intermediation process.

The literature suggests intermediation approach as more appropriate approach for
evaluating entire banking industry because this approach is inclusive of interest expenses,
which accounts for 50 - 66 % of total costs of banks. Further, intermediation approach ma y
be superior for evaluating the importance of frontier efficienc y to the profitability of
financial institutions since minimization of total costs (not just production costs) is
needed to maxim ize profits. The production approach ma y be somewhat better for
evaluating the efficiencies of branches of banks, because branches primarily process
customer documents and branch managers typically have little influence over bank
funding and investment dec isions (Berger and Humphrey (1998)).

Researchers investigating bank cost efficienc y presume a relationship exists between
variable cost, input prices and output quantities as implied by economic theor y. The cost
minimization concept assumes that firms min imize costs subject to exogenously given

prices of variable inputs, quantities of variable outputs, quantities of fixed netputs (fixed

inputs or outputs), environmental factors, their own managerial inefficiency, and random

error. This concept is implement ed using a standard cost function relating costs to these

exogenousl y given conditions. For simplicity, the inefficienc y and random error are

assumed to be multiplicatively separable from the rest of the cost function, and all of the

variables (other than dummies) are measured in natural logs (Ln):

LnTC = f (X) + LnU + LnV.

The variable LnTC measures natural log of total costs (including both operating and

interest expenses); f (.) is the best practice (natural log) cost function; X
º
 (LnW, LnY,

LnQ, Ln D) is the set of natural logged exogenous ^business conditions~ that affect costs,

specificall y variable input prices (LnW), variable output quantities (LnY), fixed netput

quantities (LnQ), and environmental variables (LnD) 4 . The LnU term denotes an

ineffi cienc y factor that is zero for best - practice firms. For inefficient firms LnU > 0

because of both technical inefficienc y (errors in minimizing inputs relative to outputs or

maximizing outputs relative to inputs) and allocative inefficienc y (errors in respo nding to

relative prices in choosing inputs or outputs). The LnV term is a random error assumed to

have zero mean each period. All variables ma y differ over time. The best practice cost

function f (.) for the bank may var y over time.

2.2 Research Studies  of Productivity Change and Inefficiency

5

The research literature often calls shifts in the best - practice frontier as ^technological~ or

^efficienc y~ change. Berger and Humphre y (1992) used thick frontier approach (TFA) to

compare bank cost efficienc y and  studied shifts in best - practice costs between 1980,

1984, and 1988 using data for all US banks. These three years correspond to pre - , mid - ,
and post - deregulation of the deposit side of banking. The y found that when the shifts
were not adjusted for changes  in business conditions, average costs increased for all but
the var y largest effici ent banks in the 1980 - 84 interval, followed b y decreases in average
costs for all sizes in 1984 - 1988 period. The increase in costs in 1980 - 84 was larger for
the smaller ban ks in the sample. This ma y reflect the deregulation of deposit rates in the

1980 - 84 periods , and the fact that smaller banks rel y more heavil y on deposits than larger
banks. The decline in average costs in 1984 - 88 (after most of the effects of deregulation
should have been exhausted), ma y have reflected a decline in market rates that affect
deposit rates and rates on purchased funds about equall y. When the shifts i n average cost
frontiers were adjusted for changes in the business conditions, an increase in costs was
still found for the 1980 - 84 period, but  a decrease was no longer found for the 1984 - 88
period.

Bauer, Berger and Hum phre y (1993) used a panel data set of 683 banks with over $100
million in assets to estimate total factor cost productivit y growt h for the best - practice
banks during 1977 - 1988. Over that period, their estimates ranged from an average annual
growth rate of - 2.28% to 0.16% depending on the estimation method used. The poor
productivit y growth was attributed to higher costs of funding d ue to hi gh market rates,
elimination of deposit rate ceilings, and increased competition from non - bank financial
intermediaries, which increased demand for funds and reduced the suppl y of deposits.

Hence the banks increased the number of branches over the 1980s, in addition to payin g

higher deposit rates and providing the ATM innovation. The increase in deposit rates,

increase in non - bank competition, and better convenience all made consumers of bank

services better off, but because quality of service is di fficult to account for in the

estimation, the higher quality showed up as a decrease in productivity.

Humphre y (1993) used the same data set to investigate the effect on costs from shifts in

the cost function from 1977 - 1988 periods . Measures were derived in three wa ys: from a

simple time trend; from a time - specific index; and from annual shifts in cross - section cost

functions. All three methods yielded similar estimates, with shifts in the cost function

implying cost increases averaging 0.8% to 1.4% per ye ar, and small banks (with assets of

$100 - $200 million) experiencing larger increases on average than large banks. Humphre y

attributed the decline in cost productivity to deregulation of deposit rates. As support for

this hypothesis, he found that in the pr e - deregulation period (1977 - 1980), productivity

increased, while during deregulation (1981 - 1982), productivit y declined substantially,

and in the post deregulation period (1983 - 1988), it showed a little change.

In contrast to these several cost minimizati on studies, several research efforts used linear

programming methods to measure changes in productivity or performance. These

methods are non - stochastic and do not allow for random error. The productivity changes

are based on quantities of outputs and inpu ts without regard to prices, so there is no wa y

to determine whether banks became more or less productive in an economic sense (i.e.,

efficienc y) or respond more or less appropriatel y to market price signals.

Devane y and Weber (1996) investigated whether  the market structure of rural banking
markets affected the bank´s productivity growth over 1990 - 93. They used linear
programming to calculate the Malmquist productivity index, which decomposes
productivity changes into changes in efficienc y, shifts in the  production function and
changes in the scale of operations. The y found positive productivity growth at rural banks
over 1990 - 93. Shifts in the production frontier were the driving force for this productivity
growth.

Wheelock and Wilson (1996) also used t he linear programming approach to investigate
bank productivity growth, to decompose the change in productivity into its change in
efficienc y and frontier shift components. They found that larger banks (assets over $300
million) experienced productivity gr owth between 1984 - 1993, while smaller banks
experienced a decline. Average inefficienc y remained high in the industry, since banks
were not able to adapt quickly to changes in technology, regulation, and competitive
conditions.

Similarly, Alam (1998) used  linear programming techniques to investigate productivity
change in banking using a balanced panel of 166 banks from 1980 to 1999 with greater
than $500 million in assets. As in Wheelock and Wilson, productivity change was
decomposed into its two componen ts: change in efficienc y and shifts in the frontier.

Bootstrapping methods were used to determine confidence intervals for the productivity
measure and its components. The findings were that productivity surged between 1983
and 1984, regressed over the nex t year, and grew again between 1985 and 1989. The

main source of the productivity growth was a shift in the frontier rather than a change in

efficienc y.

The efficienc y of commercial banks has reemerged as a critical issue to both the public

and to policy makers. C ost efficienc y represents one facet of efficienc y. Most previous

studies of cost efficienc y compute scale and scope econom y measures from Translog  cost

functions. However, the findings of these studies have cast doubt on the suitability of the

Tra nslog  functional form. The study b y Mitchell and Onvural (1996) contributed new

evidence on bank cost efficienc y to estimate cost functions having a functional form that

avoids the problems of the Translog , and then using the estimated functions to compute

measures of scale and scope economies. In their study the y used the Fourier Flexible (FF)

functional form. The approximating powers of the FF form derive from the capacity of a

Fourier series to represent any function exactl y. Despite its superior propert ies the FF

form has sparsely been used to study the efficiency of financial institutions 6 . The Fourier

Flexible form represents a semi - non - parametric approach to the problem of using the data

to infer interrelationships among the variables when the true fu nctional form of the

relationships is unknown. Gallant (1981, 1982), Eastwood and Gallant (1991) and Gallant

Souza (1991) discuss the FF form extensively.

In a t ypical stud y, a researcher first regresses costs variable on prices and outputs

variables and then uses the parameter estimates to construct measures showing how

output changes affect cost. Unfortunatel y, theor y fails to indicate the functional form of

the cost - price - output relationship. Nonetheless, the researcher must select a functional

form in order to perform the regression. Advanced calculus defines Fourier series as a
linear combination of sine and cosine functions and can represent exactly an y well -
behaved multivariate function f(x) 7  (cf. D ym and McKean 1972, Ch 1). Thus a researcher
lacking  knowledge of the true form of a cost function may avoid gross functional mis -
specification b y positing a Fourier series.

The performance of banking firms/institutions can be evaluated b y separating them as
those that perform well from those that perform  poorl y, based on some
standard/benchmark b y estimating the inefficiency. The measurement of inefficienc y has
been the main motivation for the study of frontiers. Frontier anal ysis is a sophisticated
wa y to benchmark the relative performance of production firms (including banking firms)
by estimating inefficiencies. The advantages of frontier anal ysis are:

                                                  -  it permits individuals with ver y little institutional knowledge or experience to

                                                                           select ^best practice~ firms within the banking industry (or ^best pr actice~

                                                                           branches within the bank),

                                                  -  assigns numerical efficiency values,

                                                  -  broadly identifies areas on input overuse and/or output underproduction, and

                                                                           relates these results to questions of government policy or academic research

                                                                           interest.

2.3 Empirical M odel

It is well known that either the cost functions  or the production functions uniquely define
the technology; which one is to be estimated depends on one´s assumption and/or data.

The behavioral assumption underlying direct estimation of the bank cost function is

generall y cost minimization with output exogenous (e.g., because the banking firm is

regulated). It requires the data on input prices but not input quantities, and the cost

frontier yields information on the extra cost of technical and allocati ve inefficienc y.

Representing a function by a Fourier series trades one problem (specification error) for

another (approximation error). An exact representation of a function may require a

Fourier series having an infinite number of trigonometric terms, b ut the coefficient of

these terms could only be estimated with a data set having an infinite number of

observations. Given a finite number of observations, a researcher is forced to choose a

subset of the trigonometric terms with which to represent a cost function. Gallant (1981)

asserts that a Fourier series representation of an unknown function can achieve a given

level of approximation error with fewer trigonometric terms when it includes a second -

order pol ynomial in the explanatory variables

.

Gallant du bs this combination of second -

order polynomial and truncated Fourier  series the Fourier flexible (FF) functional form.

The empirical model in the study is represented by the FF cost equation (Equation 1) as:

                                             4                                     4   4                                               2

  (1) Ln T C =

                                                                              a

                                                                                       0

                                                                                            +

                                                                                                          å

                                                                                                                       b

j

 Ln Y

j

 + 0.5
å
å
b

j k

 Ln Y

j

 Ln Y

k

 +
å
g

m

 Ln W

m

                                                                                                            j                                           j    k                                                 m          A

                                                                                              2  2                                                        4   2

                 + 0.5

                                                                                           å

                                                                                                         å

                                                                                                                      g

m n

 Ln W

m

 Ln W

n

 +
å
å
r

j  m

 Ln Y

j

 Ln W

m

                                                                                              m  n                                                      j    m

                                                                         4                                                               4    4

                 +

                                                                       å
                                                                                 [

                                                                                         d

                                                                                               j

                                                                                                   Cos Z

j

  +
q

j

 Sin Z

j

] +
å
å
 [
d

jk

 Cos ( Z

j

 + Z

k

) +
q

jk

 Sin (Z

j

 + Z

k

)]

                                                                      j=1                                                          j=1  k=j

                                                                                4   4    2               B

                   +

                                                                              å

                                                                                           å

                                                                                                        å
                                                                                                                   [
d

j k l

 Cos (Z

j

 + Z

k

 + Z

l

) +
q

j k l

 Sin (Z

j

 + Z

k

 + Z

l

)

8
]  +
h

                                                                                    j=1 k=j l=k

Where, TC is bank´s total cost, Y

j

 is  banks´ outputs j=1�4, comprising of:

                                                  y

                                                          1

                                                                 -  Book value of investment securities in Million AED;

                                                  y

                                                          2

                                                                 -  Book value of loans (net of loan loss provisions in Million AED;

Where,
                                                      d

                                                              LnC ( p , y
B

) /
d

Ln y
i

 is the partial derivative of the cost function with respect to

(unscaled) output Y
i

, evaluated at the unscaled output quantities for an arbitrar y bank B
and unscaled sample mean - input prices p .  RSE
B

 measures the percentage change in cost
due to a one - percentage change in all outputs, a change that alters the scale of output but
not output bundle composition. Returns to scale are increasing; constant or decreasing as

RSE
                               B

                                       is less than, equal to, or greater than one. As an efficienc y measure, RSE
B

 is most
useful if banks grow b y changing their scales but not the composition of their output
bundles. Berger et al (1987) observes that banks do change the composition of their
output bundles a s they grow. To recognize these changes, the y propose an alternative
scale econom y measure called the expansion path scale econom y (EP SE
AB

) measure.

EPSE
                                       AB

                                                       is the elasticity of incremental cost with respect to incremental output defined as
follows (Mitchel l and Onvural (1996)):

EPSE
                                       AB

                                                       = {
                                                                                å

                                                                                            i

                                                                                                [(y
                                                                                                                      B
i

 ˘  y
A
i

) / y
B
i

] [RSE
B

]}
¸

 {[C ( p , y
B

) -  C ( p , y
A

)] / C ( p , y
B

)} Æ  Eq. (4)

Where , y
                                                              a

                                                                   k

                                                                         and b
                                                                                                                   y

                                                                                                                         are the quantities of the ith output at Banks A and B respectively, and

C ( p , y
                                                A

                                                        ) and C ( p , y
B

) are total costs at Banks A  and B respectively computed from cost
function (1) and p is the sample mean of the input prices 13 . The numerator in equation (4)
is the percentage change in cost where each output changes in the same proportion as it
does between bundles A and B. The denom inator is the percentage difference in costs
between Banks A and B computed from the cost function in equation (1). Returns to scale
are increasing, constant or decreasing when EPSE
AB

 is less than, equal to, or greater than
one.

2.3.3 Measure of Scope

T he scope econom y measure, SCOPE, measures the cost saving from joint versus

specialized production. For the case of two - output y

1

 and y

2

, SCOPE is defined as

follows (Mitchell and Onvural (1996 ) :

SCOPE = [C ( p , y

^

1

, y
m

2

) + C ( p , y

^

2

, y
m

1

) -  C ( p , y
a

1

, y
a

2

)] C ( p , y
a

1

, y
a

2

)  Æ   Eq. (5)

Where, y

                                                             a

                                                                  i

                                                                      is the sample mean, y
m

i

 is sample minimum and y

^

i

 = y
a

i

-  y
m

i

 i = 1,2. SCOPE

measures the percentage cost saving from producing chosen quantities of the two outputs

jointly in a single bank as against producin g them in two banks, each of which specializes

in one of the outputs. S cope economies exist if SCOPE value is greater than zero, and

does not exist if SCOPE value is less than zero. SCOPE is most useful as an efficienc y

measure if extreme product specializ ation is a viable business strategy.

2.3.4 Measure of Productivity Change

Berger and Mester (1999) represent the cost of the industry at time t b y the predicted cost

of a bank with average business conditions, average inefficienc y for the period and a z ero

random error ( ie.  LnV = 0). The total gross change in cost between period t and t+n is

measured b y the ratio of predicted costs in the two periods as in equation (6) below:

{ exp [ f

t+n

 (X

t+n

) ]}  * {exp [LnU

t+n

]}

                                                                                                    D
                                                                                                               TC

t,t+n

 =  --------------------------- ----------------     Æ   Eq. (6)

                                                                                                      {exp[f

t

 (X

t+n

)] } * { exp[LnU

t

]}

where,
                                                 D

                                                            TC = change in total cost between periods t and t+n ,  f (.) is the cost function in
period t and t +n periods, LnU is the average ineffi cienc y computed from the cost function
in r espective periods from equation (1). As this is a gross change, an y figure below 1.00
indicates falling costs and any fi gure above 1.00 indicate rising costs over the period. The
change in total costs between two periods is decomposed in to three multiplic ative
components viz., Change in best practice (A), Change in inefficienc y (B), and Change in
business conditions (C) as in equation (7) below:

                                                                                                    D

                                                                                                               TC
t,t+n

  = A * B * C, where:     Æ  Eq. (7)

  A  Æ   {exp[f
t+n

 (X
t

)] }
¸

 {exp[f
t

 (X
t

)] }

  B  Æ  {exp[LnU
t+n

] }
¸

 {exp[LnU
t

]}

  C  Æ  {exp[f
t+n

 (X
t+n

)] }
¸

 {exp[f
t+n

 (X
t

)]}

The change in best practice (A), gives the change in costs due to changes i n best practice
cost function f (.)  since i t holds business conditions and inefficienc y constant. Similarl y,
terms B  and C give the contributions to change i n total cost from change in inefficienc y
and change in business conditions respectivel y.

The cost productivit y change is computed as the product of the change i n best practice

(A) and the change in inefficienc y (B ).  This productivit y change measure has been used
in prior research, which separat es the changes in the behavior of firms from changes in
the conditions they face. The cost productivit y change also represents an improvement
over government productivit y ch ange statistics.

14

 However, change in cost productivit y is
a superior indicator of productivit y as it controls for all parts of output quantities as well

as the input prices, fixed netput quantities, and environmental conditions specified in the

business co nditions vector X in equation (1) (Berger and Mester (1999)).

Section 3: Methodology

3.1 Data and Estimation issues.

1998 and 2000 published balance sheet and income expenses data for 35 banks in UAE

were used to estimate cost equations representing t he ^intermediation~ approach 15 . These

35 banks represented almost 81% of total banking industr y´s assets in UAE. The year

1998 represent the period when the oil prices in the region were at their lowest (a bad

year for banks) than in year 2000 when the oil prices were higher ( a good year for

banks)

                                             16

                                                        . Estimating a common frontier across time (1998 and 2000) may not be

appropriate because, the bank that is most efficient in one year ma y not be most efficient

in another year. Hence Cost functions were estimated  for two years 1998 and 2000 to

investigate the stability of the industry cost function.

3.2 Estimating Cost Inefficiency

A stochastic cost efficient frontier model based on a multi - product Translog cost function

with a Flexible Fourier (FF) transformat ion is estimated. An efficient operating cost

frontier in equation (1) is specified. Because it includes trigonometric transformations ( ie.

Cos (Z) and Sin (Z)) of the variables, the FF can globall y approximate the underl ying

cost function over the entire range of data. Use of the FF requires that the data LnY

j

 and

the LnW

                                                           j

                                                               be rescaled by their respective mean values so that the minimum and maximum

values of each independent variable is in the interval [0,2
p
], where
p
 refers to the number

of radians. The st andard symmetr y restrictions apply to the translog portion of the
function. Factor share equations as per Shepherd´s Lemma were not imposed to avoid
undesirable assumption of perfect allocative efficienc y (Berger and Mester (1999)). Non -
availability of det ailed output and price data from the bank´s annual report precluded
inclusion of more number of variables in the estimation process.

The linear homogeneity restrictions are imposed by normalizing the total cost and the
input prices by the price of labor. Standard symmetry restrictions were imposed on the
translog part of the FF form. Share equations were not used in the estimation to avoid
imposing an y restrictions on the functional form.

Total costs (TC) and the numerators used to construct the input pri ces (W
j

 j =1,2) are
flow variables that reflect accumulated activity over 1998 and 2000, while the output
variables (Y

                                                                                  j

                                                                                     , j = 1 to 4) and the input price (w
m

 , m = 1,2) are averages of beginning - of -
year and end - of - year values. Because of natural log of zer o is undefined, a small positive
amount (1, which represents 1,000 Arab Emirate Dirham AED (UAE currenc y) of
output) is added to each of the elements of Y for all banks.

Assuming the cost function to be stationary over time, cross - section observations are
used to estimate the stochastic cost frontier separately for each year 1998 and 2000 by the
method of maximum likelihood. Estimates of cost X - inefficienc y (C
n

) which represents
the measure of firm - specific cost X - inefficienc y  are then computed for each ba nk in each
sample period. In this study, ^intermediation approach~ has been taken by including

deposit cost as input. Two models were specified for estimation of cost X - inefficienc y of

banks (C

                                                            n

                                                                 ):

1.  Translog Æ  Translog cost function model with Total Cost (i. e., specifying onl y

                         component A).

2.  FF Æ  Flexible Fourier (FF) model i.e., Translog cost function with Fourier

                         Transformation ( specif ying components A & B in equation (1)). The trigonometric

                         terms for FF forms for component B in equation (1) were chosen thro ugh pre - testing

                         i.e., retaining significant trigonometric terms. The chosen vectors produce sine and

                         cosine terms having pairs of outputs, and pairs of outputs coupled with input prices as

                         arguments.

Section 4. Empirical Results

Table.1 reports the summ ary statistics of business environment variables of banks viz.,

banking outputs, input prices, total assets and total costs. The business environment of

banks was more variable in 2000 than in 1998. Both firm size and the cost function

variables are highl y  skewed. The level of bank outputs viz., Investments, Loans and

Customer deposits as well as input costs viz., cost of deposits and labor were higher and

more variable in 2000 relative to 1998. Although net profit of banks increased in 2000

relative to 199 8, Profitability of banks measured in terms of return on assets (ROA)

declined from 2.05 percent in 1998 to 1.91 percent in 2000. Similarly return to

stockholders measured in terms of return on equity (ROE) declined from 15.3 percent in

1998 to 13.6 percen t in 2000. The variability of Net - Profit, Returns on Assets (ROA) and

Equity (ROE) was higher in 2000 relative to 1998. Table.2 reports the results of
estimated models.

Table.1 Summary Statistics for 35 UAE Banks

              Year 1998                    Y ear 2000

    M ean  S.D
1

 Skewness  M ean  S.D
1

 Skewness

---------------------------------------------------------------------------------------------------------------------------------

T otal assets
                                                                 a

                                                                       (T A)  5385   7847  2.1   6431  8872  1.9

Net profit
                                                      a

                                                            (NP)    112    159  1.7     127    171  1.7

T otal cost
                                                       a

                                                             (T C)    325    451  2.0     420    540  1.7

Operating costs
                                                                                       a

                                                                                             (OC)    129    186  2.5     152    211  2.3

Retur n on Assets
                                                                                               e

                                                                                                    (%)  (ROA)   2.05     1.2  0.95     1.91  1.3  0.06

Retur n on Equity
                                                                                                f

                                                                                                     (%)  (ROE)   15.30     6.9     - 0.21   13. 60  9.2        - 0.49

Outputs (Y

                                                                   j

                                                                      ) (j = 1�.to 6)

Investments
                                                                   a

                                                                         (Y

1

)    311    938  4.7     429  1260  4.5

Loans & advances
                                                                                                       a

                                                                                                            (Y

2

)  2521  3486  2.1   2803  3648  1.8

Government loans
                                                                                                      a

                                                                                                           (Y

3

)    330    835  3.0     497  1368  3.8

Other loans
                                                                a

                                                                       (Y

4

)    160    316  3.0     283    459  2. 1

Off - balance sheet
                                                                                                  a, b

                                                                                                                (Y

5

)  3612  4865  2.1   4617  8263  4.2

Custo mer deposits
                                                                                                       a

                                                                                                            (Y

6

)  3848  5974  2.3   4385  6349  2.1

Input s (W

                                                             m

                                                                    ) ( m = 1..2)

Cost of deposits
                                                                                         c

                                                                                               ( w

1

)  0.068  0.083  5.3   0.087  0.114  4.3

Cost of labor
                                                                         d

                                                                               ( w

2

)  0.127  0.008  1.8   0.141  0.065  1.7

1

     S.D repre sents standard deviation ˘  measure of dispersion
a

     in Millio n AED (1US$ = 3.67 AED)
b

      includes off - balance sheet items such as: loan co mmitments, letters of credit, futures and for ward

  contracts, and notional value of outstanding s waps.

c

     in AED for 100  AED of Customer deposits
d

      in Millio n AED per full - time equivalent emplo yee.

e

     (Net profit / Average total assets) *100
f

    (Net profit / Average total equity) *100

Results in Table.2 indicate that, the models fit the two sets of data (1998 and 2000) quite
well with adjusted R
2

 ranging from 0.90 to 0.94. As seen from the likelihood estimates
and significance of coefficients, the FF model is superior to Translog model. This is
consistent with the robust findings of Mitchell and Onvural (1996) who found that bank´s
industry cost function clearly does not have the Translog form. Further coefficient values

of

                    l
                               and

                                                                   s
                                                                              are quite significant indicating that inefficiencies existed in UAE banks in

both the periods.

Table.2 Cost function Model Estimation Results

Ye ar:    1998   1998    2000   2000

Specification:   FF   Translog   FF   Translog

Adjusted R

                                                               2
                                                                         0.93      0.90      0.94     0.94

Log Likelihood   - 10.02   - 16.55    -  5.92   -  8.78

Parameter estimates:

                                                  b

                                                          o

                                                                -  0.1112   -  0.1957    -  0.0692   -  0.0401

    (0.113)     (0.1 23)      (0.106)  (0.0994)

                                                  å

                                                               b

                                                                       j

                                                                              0.9191***    0.9852***     1.0302***    1.0296***

    (0.0516)   (0.0744)    (0.0592)   (0.0537)

                                                  å

                                                               b

                                                                       jk

                                                                                -  0.0171***  -  0.0083    -  0.0059   -  0.0063

    (0.007)    (0.0058)    (0.0047)   (0.0043)

                                                  å

                                                               g
                                                                              0.4686***    0.5408* **

         (0.0945)   (0.0778)

                                                  å

                                                               d

                                                                      jk

                                                                               -  0.2408***     -  0.1454**

    (0.096)       (0.0794)

                                                  å

                                                               d

                                                                      jkl

                                                                                         0.1669*

          (0.0976)

                                                  å

                                                               q

                                                                       jkl

                                                                                    0.2419**     -  0.0799

    (0.1195)      (0.1277)

                                                  l
                                                              3.9372**    3.2809**     3.7074***    3.6617***

    (1.79 31)   (1.5876)    (1.3469)   (1.4681)

                                                  s
                                                              0.2226***   0.2699***     0.1618***    0.1931***

    (0.0875)   (0.0914)    (0.0551)   (0.0753)

Figures in parenthesis are standard errors

***  Significant at 1 percent level ( 2 - tailed t - test) that estimates  are differen t fro m 0

**  Significant at 2 to 5% level (2 - tailed t - test) that estimates are different fro m 0

*  Significant at 7 - 9 percent level (2 - tailed t - test) that estimates are different fro m 0

4.1 Cost Inefficiency Estimates

The cost X - inefficienc y (C

n

) was estimated as per equation (2) from the values of
l
 and
s

from Table.2 and the residual values estimated from equation (1). Figure.1 plots the cost

                                                          Table.4 Cost Inefficiency est imates (C
n

) of UAE Banks (Size - wise) using FF model

Yea r:    1998   1998    2000   2000

Size:    Sma ll Size  Large size   Sma ll Size   Large Size

(Total Assets
£

1933   > 1933
£

 2220   > 2220)

Million AED)

------------------------------------------------------------------------------------------------------------- --------------------

Sample means:   0.2832   0.1884    0.2552   0.2485

Sigma    0.2269   0.1261    0.2338   0.2222

Median    0.2182   0.1509    0.1477   0.1823

Skewness   2.29   2.56    1.67   2.63

Minimum   0.0831   0.0772    0.0579   0.0665

Maximum   1.0438   0.6016    0.8372   0.9773

Sample Size (N)   18   17    18   17

Results in Table 4 indicate that in case of small size banks, cost inefficiency declined by

9.89% from mean level of 28.32% in 1998 to 25.52% in 2000 while the variability
increased marginally b y 3% between the two periods. On the other hand in the case of
large size banks, cost inefficienc y increased b y 32% from mean level of 18.84% to

24.85% in 2000, while the variability was ver y high which increased b y 72% between the
two periods. This result indicates an imp rovement in efficienc y of operation of small -
sized banks compared to large - sized banks during 2000 than in 1998. While the results in

1998 are consistent with other related studies, higher inefficienc y estimates for larger
banks in 2000 were unexpected. Th ese results are confirmed in the Figure.2 where the
small banks with increasing asset base exhibited decreasing trend in cost inefficienc y in

2000 than in 1998 in contrast to large banks.

Figure.2 reveals a declining trend in the cost inefficienc y estimat es in small banks in

2000 compared to 1998 as the size of these small b anks increased (On the X - axis ,  1 - 18
denotes small banks and 19 - 35 denotes large banks arranged in ascending order of their
total assets reflecting increasing asset base across the small  and large banks). This result

                                                                                                           is in contrast with an increasing trend in large banks in the corresponding periods. Thus

                                                                                                           small banks with increasing asset base appear to be more cost efficient than large banks.

0

0.2

0.4

0.6

0.8

1

1.2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Small Banks (1-18); Large Banks (19-35)

Inefficiency Estimates

1998 FF 2000 FF

Figure.2 Cost inefficiency estimates of UA E Banks

                                                                                                           4.2 Estimates of Scale Economies

                                                                                                           Table.5 presents estimates of the ra y scale economy (RSE) measure computed as per

                                                                                                           equation (3) and Figure.3  plot these estimates across small -  and large - sized banks. Scale

                                                                                                           econom y measure declined for all banks from 1.25 in 1998 to 0.94 in 2000 indicating

                                                                                                           increasing returns to scale in 2000 relative to 1998. This implies that, while banks

                                                                                                           exhibited decreasing returns to scale in year 1998 (RSE > 1) they showed improvement

                                                                                                           through increasing returns to scale in ye ar 2000 (RSE <1). These estimates are

                                                                                                           statistically significant.

Table.5 also reveals that , under FF average RSE of small - sized banks decreased from

1.4146 in 1998 to 0.9261 in 2000. Thus on an average, small - sized banks exhibited
decreasing returns to sc al e in 1998  (RSE = 1.4146 > 1.0) compared to large - sized banks,
which exhibited almost constant returns to scale (RSE = 1.0475). Thus it appears that in

2000, small sized - banks improved their scale of operations and exhibited increasing
returns to scale  (as can be seen from the decreasing average RSE measure = 0.9261 < 1),
while the large - sized banks almost maintained constant return to scal e econom y of
operations in 1998 and 2000. This may be attributed to the fact that in year 2000 small
sized banks pro babl y im proved their cost control due to increased competi tive pressure in
the banking industr y.

                                                                                Table 5 Ray Scale Econo my (RSE) estimates of UAE Banks using FF form

Year:   1998  1998   1998   2000  2000   2000

Size   All  Sma ll Size  Large size  All  Sma ll Siz e  Large Size

(Total Assets  banks       1933  > 1933   banks      2220  > 2220

M il AED)

---------------------------------------------------------------------------------------------------------------------------------

Mean RSE  1.2468***   1.4146***  1.0475** *  0.9367***   0.9261**  0.9494***

Std. Dev.  0.4259         0.3839  0.3954   0.3934         0.4402  0.3434

Median RSE  1.3224         1.4703  0.9621   0.8829         0.8117  1.0091

Skewness  - 0.05          - 0.359  0.3759   0.2656       0.6012  - 0.495

Minimum  0.3950         0.8361  0.3950   0.2995        0.3270  0.2995

Maximum  1.9726        1.9726  1.9107   1.8664        1.8664  1.3938

Sample Size (N)  35        18   17   35        18   17

* **Statistically different from 0  at 1 percent level for a two tailed test

** Statistical ly different fro m 0  at 5 percent level for a two tailed test.

0

0.5

1

1.5

2

2.5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Small Banks (1-18); Large Banks (19-35)

Scale Economy Estimate

1999 RSE 2000 RSE

Figure.3  Scale E conomy Measures of UAE Banks

                                                                                                           Figure.3  reveals that small banks experienced a declining trend in RSE measure as their

                                                                                                           assets base increased in 2000 compared to 1998. 14 small ban ks whose RSE >1 in 1998,

                                                                                                           showed an improvement in 2000 with a reduction in their RSE as their asset base

                                                                                                           increased. On the contrary, 10 large banks whose RSE < 1 in 1998, showed deterioration

                                                                                                           in 2000 with increase in their RSE as their asset base increased .

                                                                                                           The results from Tables 4 & 5 as also from the plots in Figures 1 and 2 indicate that

                                                                                                           large - sized banks:

-  exhibited higher levels of cost inefficienc y in 2000 relative to 1998, and

-  enjoyed almost constant returns to scale in 1998 & 2000,

as compared t o small - sized banks which experienced both decreasing cost inefficienc y
and increasing scale economies in 2000 than in 1998. This observation is of particular
interest as it probably highlights the management capability of small - sized banks to
positively t urn the cost inefficienc y and the scale economies in their favor when the oil
econom y was more conducive for the banking industry during 2000 compared to 1998.

These results are consistent with the findings of Mitchell and Onvural (1996) who
reported that banks in the smaller size group enjo y increasing returns to scale while banks
of other size groups face constant returns to scale.

The RSE measure discussed so far did not consider changes in the composition of output
bundles in banks. However, following the suggestion of Berger and Humphrey (1998)
that, banks do change the composition of the output bundles as the y grow, expansion path
scale econom y (EPSE) could be a better measure of returns to scale for banks. Equation

(4) was evaluated using FF cost mod el. Median values of EPSE although declined for
banks from 1.9472 in 2000 compared to 1.8879 in 1998; they were still > 1. This implies
that, as banks changed the composition of their output bundles as they grew, their scale
economies did not improve in 19 98 and 2000.

4.3 Measure of Scope

Equation (5) was evaluated using flexible functional model to get SCOPE measure.

SCOPE estimate was 0.5239 in 2000 relative to 0.5115 in 1998. This implies that there
exists potential scope economy (Scope > 0) in th ese banks. Thus, the banks could still
potentially exploit the synergy that exists in business diversification through joint outputs

rather than specialization in one output to decrease their costs of operations. Mitchell and

Onvural (1996) observed that U S banks experience neither economies nor diseconomies

of scope.

4.4 Change in Cost Productivity estimates

When equations (6) & (7) were evaluated, the following changes in cost productivity

were  observed between  1998 and 2000 in the two cost functional  specifications:

Specifications:      FF    Translog

Changes in Best - practice (A) (%)    1.3073    1.845

Change in Inefficienc y    (B)  (%)    1.0123    0.9516

Change in Business Condition (C) (%)   1.1668    1.1219

Gross Change in Cost - Productivity growth rate

( A) * (B) * (C)  (%)     1.544    1.97

Annualized growth rate in cost productivity (%)  1.24    1.40

Gross change in cost - productivity for banks between 1998 and 2000 was 1.544% for FF

cost functional form and 1.97% in Translog cost functional form. Annualized  rates were

1.24% and 1.40% respectively for the two functional forms. The translog model over -

estimated the cost productivity growth rate (similar to overestimation of cost inefficienc y

estimate) than the flexible form. When decomposed into components, Ch anges in best

practice cost function (term A in equation 7) and Changes in business condition cost

components (term B in equation 7) declined which contributed to the rising costs. The

Change in inefficienc y cost component (term C in equation 7) was not a major factor in

rising costs.

It is a fact that the major component of UAE economy is dominated b y the oil - sector,
which is uncontrollable due to influence of global factors. In such a situation, the decline
in change in business conditions (term ^B~) ha s to be offset b y the banks by improving
their operations through adoption of best - practices in management of costs (term ^A~) to
ensure a consistent increase in cost - productivity in future years.

Relatively speaking the rate of rising costs was lower fo r UAE banks compared to US
banks. Berger and Mester (1999) estimated that, the cost of average US banks rose at an
annual rate of 1.1% over the 1984 - 87 period, falling at an annual rate of 0.3% over the
first seven years from 1984 - 91, and rising at an annu al rate of 2.7% over the subsequent
six years from 1991 - 97. Using the average practice cost frontier (estimated using all
banks) to decompose the cost changes suggest that, cost productivity worsened over both
subintervals (change in cost productivity > 1) , while the business conditions as a whole
reduced costs over both the subintervals (change in business conditions cost < 1).

If we examine the changes in business conditions more closely, the disadvantages of
these changes in increasing costs are not al l surprising. As shown in Table.1, average
costs of deposits have increased substantially from 6.8% in 1998 to 8.7% in 2000. Given
that interest expenses make up more than half of variable costs, it is expected that these
increases in rates would increase costs substantially. Compounding this effect was the
increase in the price of labor from 12.7% in 1998 to 14.1% in 2000 coupled with the
costs of operation of the average banking firm from about 19% increase in total assets.

This further provides an opport unity for banks to manage their assets and liabilities more

prudently in the coming years.

Section 5: Summary and Future Implications

The study focused on cost inefficienc y, scale & scope economies as well as productivity

growth rates of UAE banks in 199 8 (a bad year for banks due to lower oil prices) and

2000 (a good year for banks due to higher oil prices). The data comprised of 35 banks,

which constituted 81% of total bank assets in 1998 and 2000. Flexible Fourier (FF) and

Translog cost forms were spec ified for estimation purposes. The translog form

overestimated cost inefficienc y b y 10 to 19% in the two years compared to FF form.

The stud y findings provide evidence that substantial cost inefficiencies seem to exist in

UAE banks. The cost inefficienc y  for the medium - size banks (asset size around 19 - 22

billion AED) was 18.7% in 1998 and declined to 15.6% in 2000, but was statistically less

significant. Small - size banks experienced higher decline in cost inefficienc y (32%)

between 1998 and 2000 compared to large - size banks (21%). Thus, it appears that small

size banks performed well and improved their cost efficienc y during the two periods, than

large - size banks.

On an average, the banks exhibited increasing returns to scale in 2000 compared to 1998.

Dur ing the same period small - sized banks improved their scale economies while large

banks maintained constant returns to scale. This implies that the Management teams of

small banks were capable of managing their portfolio more effectivel y and exploited the

i mproved business conditions during 2000 in their favor, to face competitive pressure and

REFERENCES

Aigner, Dennis, C.A. Knox Lovell, and Peter Schmidt (1977). ^Formulation and

Estimation of S tochastic Frontier Production Function Models.~ Journal of Econometrics

6, pp 21 - 37.

Al - Faraj, T.N.A.S. alidi, K.A. Bu - Bshait. ^Evaluation of Bank Branches by Means of

Data Envelopment analysis.~ International Journal of Operations and Production

Manageme nt , vol 13, 1993; pp 45 - 52.

Alam, I.M.S (1998). ^ A Non - parametric Approach for Assessing Productivity D ynamics
of Large Banks, Tulane University mimeo.

Bauer, Paul W., 1990, ^Recent Development in Econometric Estimation of Frontiers.~

Journal of Econome trics , 46, pp 39 - 56.

Bauer, P.W., A.N. Berger, and D.B. Humphre y, ^Efficienc y and Productivity Growth in

U.S. Banking~, in H.O.Fried, C.A.K.Lovell, and S.S. Schmidt;eds. The Measurement of

Productivity Efficienc y: Techniques and Applications, Oxford Unive rsity Press, U.K.

1993: 386 - 413.

Berg, S. A., Forsund, F., and Jansen, E. (1992) ^Malmquist indices of productivity
growth during the deregulation of Norwegian Banking, 1980 - 89, Scandinavian Journal of

Economics  94, 211 - 228.

Berger, Allen N., and Loretta  J. Mester. ^What Explains the Dramatic Changes in Cost
and Profit Performance of the U.S. Banking Industr y? ~ Finance and Economic

Discussion Series, Federal Reserve Board, Washington D.C., 1999 - 13.

Berger, Allen N., and D.B. Humphre y (1998). ^Efficienc y of Financial Institutions:

International Surve y and Directions for future Research~. European Journal of

Operational Research , pp 175 - 212, 1998.

Berger, Allen N., and R obert DeYoung (1997). ^Problem Loans and Cost Efficienc y in

Commercial Banks.~ Journal of Banking and Finance , Vol. 21, 1997

Berger, A.N., and D.B. Humphre y, ^The Dominance of Inefficiencies over Scale and

Product Mix Economies in Banking~, Journal of Monetar y Economics , 28 (1991):117 -

148.

Berger, Allen N., and R obert DeYoung (1996). ^Prob lem Loans and Cost Efficienc y in

Commercial Banks.~ Working Paper, Board of Governors of the Federal Reserve S ystem,

Washington D.C., U.S.A., (August 1996).

Berger, Allen N., John H. Leusner, and John J. Mingo, (1994). ^The Efficienc y of Bank

Branches.~ B oard of Governors of the Federal Reserve, Finance and Economic

Discussion Series Paper 94 - 26.

Berger, Allen N.,  William C. Hun ter, and Stephen G. Timme. (1993 ). ^The Efficienc y of

Financial Institutions: A Review and Preview of Research Past, Present, an d Future.~

Journal of Banking and Finance , 17, pp.221 - 249.

Berger, Allen N., and Humphrey D.B., (1992) ^Measurement and Efficienc y Issues in

Commercial Banking, in Measurement Issues in the Services Sectors~ (Z Grilliches,

Ed)pp 245 - 279, National Bureau o f Economic Research, Universit y of Chicago Press,

Chicago.

Berger, Allen N., Gerald A. Hanweck, and D.B. Humphre y. ^Competitive Viability in

Banking.~ Journal of Monetar y Economics  20, (1987), 501 - 20.

Devane y, M. and Weber, W. (1996). ^Productivity Growt h, Market Structure, and

Technological Change: Evidence from the Rural Banking Sector~, Southeast Missouri

University mimeo.

Dym, Harr y, and Henr y P. McKean. ^Fourier Series and Integrals, New York: Academic

Press 1972.

Eastwood, Brian J., and A. Ronald Gallant. ^Adaptive Rules for Semi nonparametric

Estimators that Achieve Asymptotic Normalit y.~ Econometric Theor y , 7 (1991), 307 - 40.

Elyasiani, E., and Mehdian, S.M., (1995). ^The Comparative Efficienc y Performance of

Small and Large US Commercial Banks i n the pre -  and post - deregulation eras~, Applied

Economics 27, 1069 - 1079.

Gallant, A. Ronald. ^On the Bias in Flexible function Forms and an Essentially Unbiased

Form: The Fourier Flexible Form.~ Journal of Econometrics  15 (1981), 211 - 45.

Gallant, A. Rona ld. ^Unbiased Determination of Production Technologies.~  Journal of

Econometrics  20 (1982), 285 - 323.

Gallant, A. Ronald, Geraldo Souza. ^On the Asymptotic Normalit y of Fourier Flexible

Form Estimates.~ Journal of Econometrics  15 (1981), 211 - 45.

Humphre y,  D.B., ^Cost and Technical Change: Effects from Bank Deregulation~, Journal

of Productivity Anal ysis, 4 (June 1993): 5 - 34.

Hunter, W.C., and Timme S.G (1991). Technological Change and Production Economies

in Large US commercial Banking~ Journal of Moner y,  Credit and Banking , 29, 73 - 79.

Jondrow, James, C., A. Knox Lovell, I.S. Mat erov, and Peter Schmidt. 1982, ^On

Estimation of Technical  Ineffi cienc y in the Stochastic Frontier Production Function

Model,~ Journal of Econometrics , 19, pp 233 - 238.

Leibenstei n, Harve y. 1966. ^Allocative Efficiency Versus `X - Efficiency´.~ Ameri can

Economic Review  56, pp.392 - 415.

McAllister, Patrick H., and Dougl as McManus, 1993, ^Resolving the Scale Effi cienc y

Puzzle in Banking~, Journal of Banking and Finance  17, 389 - 405.

Mi tchell, Karl yn, and Nur M. Onvural, (1996). ^Economies of Scal e and Scope at Large

Commercial Banks: Evidence from the Fouri er Flexible Functional Form.~ Journal of

Money, Credit, and Banking Vol. 28, No. 2, (Ma y 1996)

Wheelock, D.C., and Wilson, P.W 9199 6). ^Technical Progress, Inefficienc y and

Productivit y Change in U.S banking 1984 - 93,~ Federal Reserve Bank of St. Louis
mimeo.

END NOTES

1
      T he concept of X - inefficiency was introduced b y Leibenstein (1966), who noted that,  for a variety o f

reasons, people and organizations nor mally wor k neither as hard nor as effectively as they coul d.

2
      Berger and Humphrey (1998) provide a survey of 130 efficiency studies on financial institutio ns in about

21 countries.

3
      T his stud y reported efficient estimates of 0.87, implying that bank branches were 13% less efficient than

the best - perfor ming/ef ficient b anks.

4
      LnD -  in so me cases LnD are zero - one dummy variables, such as indicator variables for bank branching

restrictions, rather than being natural lo gged continuous variables.

5
      T he paper reviews o nly so me of the papers in the literature: othe rs include Hunter and  T imme (1991),

Berger et al. (1992), and Elyasiani and Mehdian (1995). See also the literature review in Alam (1998).

6
      See Bauer (1990) for a review of Stochastic Frontier Approach (SFA) methods. Specification of models

with distrib ut ion free is inappropriate as it only generates long - run estimates o f cost efficiency

(inefficiency), while thick cost frontier approach estimates cost efficiency (inefficiency) only for group of

banks. On the other hand, in data envelop ment analysis (DEA) approach the co mparison of efficiency

(inefficiency)  of individual institutions is difficult.  Berger, Hunter and T imme (1993) discussed the relative

strengths and weaknesses of these approaches.

7
      T his is possible because the sine and cosines functions ar e mutually orthogo nal and function space

spanning; hence representing an arbitrar y functio n b y a Fo urier series is analogo us to representing an n -

vector as a linear co mbination of n mutually orthogo nal, function space - spanning basis vectors.

8
      While evalu ating cost function after estimation, the sum and difference rule/for mula for trigono metric

ter ms was applied viz., Sin (a+b) = Sin(a) Cos(b) + Cos(a) Sin(b);   Cos (a+b) = Cos(a)Cos(b) ˘

Sin(a)Sin(b);   Sin (a - b) =  Sin (a) Cos (b) ˘  Cos (a) Sin (b);  Cos( a - b) = Cos (a) Cos (b) + Sin (a) Sin (b)

9
      Although financial equity cap ital is an input under inter med iation approach (or asset approach), it is

generally considered fixed since it is difficult to change quickly and in part because, its price, the risk

a djusted return on equity is difficult to measure.

10
          For the FF methodology to work, the price and output quantity data expressed in natur al logarithms in

segment B must be scaled to limit the periodic sine and cosine functions to one period of length 2
p
. Also,

data for all of the log - price variables must be scaled together as part of restricting the cost equation to

exhibit linear ho mo geneity in input prices; the same is not true of data for all of the lo g - o utput q uantity

variables in segment A.

11
          T he equ ation in (1) is Four ier flexible functional for m,  which is a theoretical improvement on the

translog for m, which is a local approximation that may per for m poorly for observatio ns far  fro m the samp le

means. In application, McAlester and McManus (1993), Berg er, Leusner, and Mingo (1994), and Mitchell

and Onvural (1996) have all found that the Fo urier - flexible for m fits the data better than the translog for

banking data.

12
          See Aigner, Lovell and Schmidt (1977) for technical discussion of the error specificati on.

13
          Banks A and B are arbitrarily chosen with Bank A smaller than B.

14
          T he government measure usually uses the changes in a single outp ut ˘  gross product originating or a

weighted sum o f bank transactions divided b y the single inp ut measure, emplo yee l abor hours.

15

          T he banks in UAE started reporting the number of emplo yees and staff cost in their annual reports onl y
fro m the year 1998.

16

          T he United Arab E mirates (UAE) GDP at factor cost and at current prices stood at a level of AED 240.9

Billion with  a gro wth rate of 2 0.4% during 2000. T he output of the oil sector reached AED 73.35 Billion in

2000 compared to AE D 34.49 Billion in 1998. T he share of oil sector in GDP increased fro m 19.4% in

1998 to 30.3% in 2000. T his was mainly due to the increase in average oil prices fro m US $ 12.4 a barrel in

1998 to US $ 27.2 a barrel in 2000. T here were totally 46 banks operating in UAE during 2000, comprising
of 20 national banks ( with 31 1 branches) and 26 foreign banks ( with 109 branches). T he aggregate balance
sheet o f banks operating in UAE increased fro m AED 235 Billion at end - 1998 to AED 2 77 Billion at end -

2000. During the two corresponding periods Credit extended increased fro m AE D 106 Billion to 125

Billion and the Deposits increased fro m AED 135 Billion to  AED 170 Billion.

17

          Cross countr y co mpariso n are difficult to interpret because the regulator y and econo mic enviro nment
faced b y financial institutio ns are likely to differ importantly across nations.