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Economic Efficiency and Value Maximization in Bankg Firms

Abstract

The objective of this paper is to study economidicieihcy in 142 financial
intermediaries of eighteen countries over the 19898 period and the relationship
between efficiency, productivity change and shaidgrs wealth maximization. A non-
parametric frontier analysis (DEA) is applied tdimeate the relative efficiency of
commercial banks of different geographical ared®nl a Malmquist decomposition is
carried out in order to separate efficiency chafigm technical change. We evaluate
the relationship between economic efficiency andlthemaximization and we identify
the characteristics of financial intermediariest tiead to an optimal use of resources.
Results show different productivity patterns amémg three geographical areas (North
America, Japan and Europe) over the sample pefibé. estimates of economic
efficiency and productivity changes are consistenth the wealth maximization
criterion in financial intermediaries.
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1. INTRODUCTION
The banking industry is constantly and rapidly &imaj. The last two decades,

in particular, represent a substantial metamorghémi banking sectors in countries
around the world. On the one hand, the rapid adsrachieved in information
technology have notably altered the way banks dsinkess. On the other hand,
deregulation and re-regulation have been a commoordinator in banking industries
across the world, although their effects are likehdiffer across countriésThe study
of the effects of technological transformations aggulations on the banks' production
practices and, hence, on bank production frontias give rise to a growing body of
empirical literature.

Although regulation constraints the expansion ofhliadg activity, both
geographically and across banking product linesarftial innovation bypasses
regulatory processes. These changes in regulaiaforce the competitiveness among
different financial institutions. After an adjustmeprocess, the raise in competition
induces a raise in banking productivity.

In this paper we explore the changes in bankingywtivity of a group of banks
that belong to different competitive environmentsd aalso different regulatory
environments in the period 1989-1998. In order asure banking productivity it is
possible to use both parametric and non-parametrthods. We adopt a non-
parametric DEA-like methodology to estimate andodegose Malmquist productivity
index, with the aim of identifying those banks whihift the frontier and the effect of
these shifts on the rest of banks. We completeaoatysis with the estimation of the
relationship between the banks' market returns taedcomponents of productivity
change.

We measure productivity change using Malmquist petidity indexes which
are computed using linear programs. Using totattasas a proxy for size, we make
three groups and study productivity changes in eddhem. Finally, we have studied
the relationship between the components of prodtctichange and bank stock
performance with the objective of determining hawneilative market returns may be

explained in terms of productivity growth.

! See Berger et al. (1995) for a more detail dpsori of the technological and regulatory changed$
banking. See Altunbas et al. (2000) and Molyneuwalet(1996) for a study of Japanese banks and
Altunbas and Molyneux (1996) for a study of EU baugki



The next section describes the previous literathien we introduce the database
and the variables selected to define the bank ptamufunction. In fourth section we
introduce the methodology used to estimate effoyreand productivity change. In the
fifth section we present efficiency and productivihanges results. In the sixth section
we explore the relationship between productivitgraes and bank stock returns and in

the final section we conclude.

2.REVIEW OF THE RELEVANT LITERATURE

The analysis of productivity change and its souioeSnancial intermediaries
has drown the attention of the scholars resultimg wide and diverse literature on the
subject along the last two decades. This line séaech approaches the efficiency and
productivity of banking firms considering how pradvity changes are motivated and
driven by changes in regulation, differences acroesntries and the effect of
innovation and technological processes.

These works show a disperse evidence which presladdirect comparison of
productivity changes in different geographical areaer the same time interval due to
differences in the chosen methodology to estim#ieiency and productivity, not only
because of the classical distinction between pararand non-parametric methods but
also due to differences in the chosen productid@égomposition. Also, the existence in
the previous literature of alternative time intdsvand other differences such as the size
of the banks included in the sample preclude aermational comparison of the
evolution of the productivity in areas with diffetdegal and institutional frameworks.

Elyasiani and Mehdian (1995) working with U.S. dsgdected 1979 and 1986 as
rough proxies for the pre and post-deregulationoper Using DEA they calculated
efficiency scores for samples of US banks from éhteg years. They found that ,for
large banks, technical efficiency declined by 3%l arsing a time dependent ratio
analysis, technology regressed by 2% over thist gigdrs period.

Recent studies of productivity changes focus on h#®ks in the post-
deregulation period, they consider either total tdacproductivity growth or
technological progress in the US commercial bankimgdustry during the 1980s.
Mukherjee et al. (2001) explore productivity growtr a group of large commercial

banks over the period from 1984 to 1990. They brdrall productivity growth at the



rate of 4.5% per year on averag&hey also find that larger banks and higher
specialization of product mix are associated withhbar productivity. Alam (2001)
studies bank productivity over the period 1980 &89 and find that productivity
movements are mainly attributable to technologitenge rather than scale changes or
convergence to the frontier.

Whelock and Wilson (1999) study productivity charafeUS banks over the
period from 1984 to 1993. They find that banks Ibfs&ees experienced declines in
technical efficiency and productivity also decline average. They claim that this
decline is attributable to a minority of banks sk size category pushing forward the
frontier, while the rest do not follow within thene interval that was considered. They
do find technological progress over the period.

Grifell-Tatjé and Lovell (1997) found that commexcibanks had lower
productivity growth than saving banks during theiqek 1986-1993. In a subsequent
paper, Grifell-Tatjé and Lovell (1999) analyze #dwurces of profit growth in Spanish
commercial banks during the period 1987-1994, figda large increase in bank
productivity. This effect was offset by a large atge price effect due to increasing
competition. The increase in productivity is enyirattributed to technological progress,
and is partially offset by negative catching upe Bame result—technological progress,
negative catching up, and an overall increase iodymtivity—is also found in
Kumbhakar et al. (2001) and Maudos (1996).

Productivity growth in Asian banking has receivattld attention in the
literature. In the case of Japanese banks, Fukuyda®@b) reports large indexes of
technological progress and moderate negative irsdeikeatching up in a sample of 155
banks during 1989-1991. Leightner and Lovell (1998%0 report increases in
production and total factor productivity in a sammf Thai banks during 1989-994.
Thus, the increases in productivity and technoklgprogress during the late 80s and
early 90s conform a consistent finding across tharldy with the exception of
Portuguese banks (Mendes and Rebelo, 1999).

Some studies also analyze productivity variatiort almng time but across

countries. For example, Dietsch et al. (2001) hased a Malmquist decomposition to

2 They claim that, after an initial adjustment pertodieregulation, banks would be expected to irserea
their productivity. However they comment that thejonity of prior commercial bank total factor
productivity studies find either little, no or evemegative productivity growth. See Humphrey
(1991,1993); Hunter and Timme (1991) and Bauer.€t18B3) for parametric methods used to estimate
productivity growth and Wheelock and Wilson (198&)a non-parametric approach.



explain the productivity gaps of banking industr@sross four major countries in
Europe, being able to separate productivity difiees into pure technological
differences and differences due to environmentaxbernal factors. Berg et al. (1994)
made cross-country comparisons using cross-sedate of banks from three Nordic
countries, finding important differences betweesnth

All the papers cited above refer to productivitpygth during the 80s and early
90s, and few of them make inter-country produgtigbmparisons. This paper aims to
extend previous literature by analyzing the evolutof bank productivity during the
90s in a wide variety of countries. To accomplisis task, we use a complete panel of
142 banks from eighteen different countries cowgrthe period 1989-1998. In
particular, we will analyze productivity change liranks located at three different
geographical areas (Europe, Japan, and North Aa)ercomputing Malmquist
productivity indexes. The decomposition of the Mainst index will allow to explain
the manner in which productivity growth or regreeas attained. We also study the
relationship between the components of productiviisowth and bank stock
performance. The objective is to evaluate whetlerestimates of productivity changes
are consistent with the wealth maximization crdgerin financial intermediaries. Thus,
our paper complements and extends the previouatlie.

Contrary to most of previous literature we will usee decomposition of the
Malmquist productivity index proposed by Simar anblson (1998) and Zofio and
Lovell (1998), which adds more information than tih@ssical decompositions of Fare,
Grosskopf, Norris, and Zhang (1994) and Ray andi DE397).

3. DATABASE AND VARIABLES

An output efficient firm is one which cannot incseaits output unless it also
increases one or more of its inputs. We use DEAddéine the boundary of the
technology and obtain efficiency score for eachkbaneach time period. We have
obtained the data for this study from Worldscopeictvhcovers public company
financial data of firms that quote. The final daaé contains 142 commercial banks
from 18 countries (see table 1) from 1989 to 1098 have created three groups

according to geographical proximity: Europe, Japard North America. Europe

® We did have complete data sets for European amthNemerican banks for 1999 but there were
missing values in the Japanese banks data se2%6r. 1



includes the first 15 countries in Table | and Hofimerica includes US and Canada.

Japan is a geographical group in itself.

Germany (6) France (4) Sweden (3)
Austria(3) Ireland (1) Switzerland (3)
Belgium (1) Italy (12) UK (7)
Denmark (3) Luxemburg (1) USA (45)
Spain (11) Norway (1) Canada (8)
Finland (1) Portugal (2) Japan (30)

Table 1 — number of banks and country of origin
In brackets the number of commercial banks per tpun

The availability of data is a key determining facichen choosing a production
function. Taking this factor into account is mongportant when the database includes
firms from different countries. When defining thank function we considered that
although all the selected banks fall into the sarategory (commercial banks), this
classification refers to the main business linghef bank and does not consider other
business lines. Thus, there may be differencesrmg of the bank production function
in different geographical areas. Depending on thentry of origin, banks are (were)
not allowed to perform simultaneously various atég (e.g. private and investment
banking versus retail banking) or were limited gapdpically in their activities.

We have chosen a mix of stock and flow variablegcmount for the differences
in business activities of commercial banks in thee¢ geographical regichshe

selected variables that define the bank produdtiontion are shown in Table 2.

Class Description Variable type
Output 1 INVESTMENTS TOTAL Level
Output 2 LOANS -TOTAL Level
Output 3 NON-INTEREST INCOME Plus Flow
OTHER OPERATING INCOME
PROPERTY, PLANT AND EQUIPMENT Level
Input 1 - NET
Input 2 SALARIES AND BENEFITS EXPENSE Flow
Input 3 OTHER OPERATING EXPENSES Flow

“ It is possible to choose among stock (Balance tplaeel flow (Profit & Loss Account) variables. The
choice of stock values instead of flow variableeg® 1997) is justified by the argument that flow
variables would be biased by market power becaifferaht banks charge different rates. Within this
line of argument, it is assumed that the differenicerates have nothing to do with efficiency gpuin
consumption. However, the differences in rates bwgttributed to differences in the creation ofieao
customers. Efficiency measures, either based onoewieror production costs, should be defined so that
there is a complete set of inputs and outputs wigshlt in a meaningful production function toirsite
efficiency.



input 4 | DEPOSITS TOTAL | Level
Table 2 — Bank production function: selected in@utd outputs

Regarding outputs we have considered three outplit$otal investments, b)
total loans and c) non-interest plus other opegaticome. Although there may be some
overlapping regarding “non-interest plus other afiag income” and the previous two
outputs we try to capture possible differenceshia asset side of commercial banks
activities in the three geographical regions. Alseen if this third output were to be
superfluous it would have a reduced impact on esults given that we are estimating
efficiency and productivity using DEA like linearqggrams.

When considering loans we have chosen total loastead of net loans due to
problems with Japanese banks and with some Europaaks. Net loans in these
commercial banks were zero. Thus, including nehdoaould penalize mainly North
American banks were reserve for loan losses angeplgpaccounted for. Basically, we
have many missing data values in European and dapatommercial banks when
trying to desegregate total loans, thus we hawextad the aggregated values.

Regarding inputs we have considered four inputs:peperty, plant and
equipment net, b) Salaries and benefit expensesthe) operating income and d) total
deposits. There is some disagreement concerningkh®f core deposits as an input or
output (Sealey and Lindley, 1977). It is argued thay are an input to the production
of loans or alternatively they are considered atpuat, because they involve the
creation of added value (Berger and Humphrey, 1888)customers are willing to bear
an opportunity cost through lower interest rates teir deposits. We decided to
consider deposits as inptisnd we have included only a single input “aggredatal
deposits” due to lack of quality of disaggregatattt

Mester (1996) includefnancial capitalas and input to the bank and adjusts
efficiency measures for the quality and riskineSgsooutput. Also accounting for risk,
Clark (1996) tested a broader concept of cestnomic costwhich is constructed by
adding production costs to the opportunity costapital. It is claimed that this new

® The following studies choose the specification epakits as inputs: Humphrey (1991), English et al.
(1993), Lang and Welzel (1996) and Adams, BergerGiokles (1999) and Alam (2001). Adams, Berger
and Sickles (1999) present preliminary results datiing that this specification is favored based on
statistical grounds.

® More specifically, the field “unspecified depositwas empty for North American banks but it
represented an important proportion of total dapder Japanese and European banks.



measure of cost should be considered as an improeegure of efficiency. It is argued
that the assessment of the competitive viabilitypahking firms should consider the
effects of resource allocation decisions on risll egturn as well as on the explicit
costs of production. Alam (2001) and Mukherjee let(2001) include bank equity
capital as input. Given that we consider commetgaiks from different geographical
areas, we face a dilemma: how to measure equityatald we measure equity capital
using accounting data we find problems with Japar®mnks which do not account
properly for reserves for loan losses and thuswadary equity capital is not a reliable
input. Alternatively, if we measure equity capitaing market data, then we have a
more reliable measure of equity capital, but, assshin Graph |, we would penalize
those banks that are performing better. That satq if we consider a market measure
of equity capital then North American banks andattesser extend European banks
would have a higher input because the value of 8f&res has risen dramatically while
the market value of equity of Japanese banks hmasidhed. Thus we decided not to
include any measure of equity capital.

We compare simultaneously commercial banks from ttiree geographical
areas and thus we have chosen broad categoriesfadezhwith the decision to choose
the inputs and outputs that define the bank praeodimdtinction. Although we have no
desegregation of deposits and loans, although we hat included equity capital for
the reasons given above and although we did na tteernumber of employees and use
salaries and benefits expenses as a proxy we bdl®vbank function is an adequate
one. Thus, our variables, in particular depositd Brans, are aggregates the reason
being that with these aggregates it is possibléiadee same variables for banks in
different countries and regions and with somewlié¢rént accounting standards. We
may not be able to study the effect of specialratf product mix on productivity as in
Mukherjee et al. (2001) however, we are able todystwverall efficiency and
productivity change components of banks. Also, duank production function
definition is similar to model 4 of Alam (2001)

In Table 3 we show descriptive statistics of inpuaistputs and total assets of

banks in the three geographical areas that we @ensi our study: Europe, Japan and

"In model 4, the more aggregated model, Alam (2@@h}siders two outputs (securities and Total loans)
and four inputs (Bank Equity capital, physical ¢abifull time employees and total loanable fund¥e
include an additional output which considers thiéoims via non-interest income and other operating
income and regarding inputs we do not include beqguity capital but we include other operating
expenses.



North America. As it can be observed, European cernial banks in our sample are
larger than North American banks and North Ameribanks are larger than Japanese
banks. This may be due to the fact that some lsgyéh American and Japanese banks
may have been excluded from the sample when weiregljgomplete data for the
period 1989 to 1998. In terms of standard deviattmmopean and North American
banks in our sample are much more heterogeneonslémanese banks.

All values in Table 3 are in billion USD. Valuesveabeen converted into
dollars using the corresponding exchange ratest 4$1860. We have converted all
values using one conversion rate per country sofllhetuations in exchange rates do
not affect the Malmquist growth results. Due to type of analysis, using different
conversion rates into dollars (one conversion pateyear per country) would lead to
misleading results. That is to say, if a convergiate per year were chosen, then the
measurement of productivity change would be biaded to the fluctuations of
exchange rates. We do have deflated values usih@fGRe relevant country and year

and using 1989 as the base Jear

(Billion USD) North

Europe Japan America

Mean SD Mean SD Mean SD
Outputs
Output 1 11.26 (22.84) 2.55 (1.39) 7.20 (14.03)
Output 2 38.65 (57.28) 9.72 (4.47) 20.15 (29.83)
Output 3 1.18 (2.97) 0.05 (0.05) 0.74 (1.36)
Inputs
Input 1 0.72 (1.01) 0.16 (0.08) 0.41 (0.61)
Input 2 0.63 (0.93) 0.10 (0.03) 0.48 (0.73)
Input 3 0.54 (1.33) 0.07 (0.03) 0.29 (0.45)
Input 4 25.81 (36.56) 11.93 (5.60) 21.37 (30.67)
Total assets
Total assets | 55.48] (82.81) 13.60| (6.31)| 30.74 (48.35)

Table 3 — Summary of descriptive statistics

8 Data for exchange rates and CPIs come from Detastseries.
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4. METHOD
This section briefly explains the foundations oé tomputation of Malmquist

productivity indexes and their decomposition wittnsparametric estimators. In order
to estimate efficiency and productivity growth hetbanks that conform the sample, we
will follow a non-parametric approach to the congtitn and decomposition of the
Malmquist productivity index. Several different dagpositions of the Malmquist index
have been proposed. The most commonly used areeFale(1994) which assumes a
constant returns to scale technology and Ray arsli (997) which does not require
that assumption. Previous literature on the amalgéibank productivity has used both
of these approaches. For instance, Alam (2001) dkedMalmquist productivity
decomposition suggested by Fare et al. (1994),enMilkherjee et al. (2001) followed
the decomposition proposed by Ray and Desli (1997&hird decomposition has been
recently suggested by Simar and Wilson (1998) aofioZzand Lovell (1998), which
extends Ray and Desli (1997) decomposition. Iniqadr, the technical change
component in Ray and Desli (1997) is further decosep into "pure" technical change
of the frontier plus a residual measure of scalnge of the technology. Wheelock and
Wilson (1999) has been the first paper that apghesenhanced decomposition to the
study of productivity change in banking. In thisppg we will also follow this
decomposition because it adds more information @&altio@l sources of productivity
change.

The Malmquist productivity index was introduced Ggves, Christensen, and
Diewert (1982) as the ratio of two distance fumusigertaining distinct time periots
The productivity level of a firm may be measuredty relationship between the inputs
employed and the outputs attained. In the casetettanology with just one input and

one output, a productivity index can be computedgigust quantity data as the ratio
y' Ix', being y' the quantity of output produced by firmat periodt and x' the
quantity of input employed by that firm during tbe&me period.

A (difficulty arises with multidimensional productio technologies, which
involve comparing vectors of inputs and outputsthose cases it is necessary to use a

criterion to aggregate inputs and outputs. The ltiegu productivity index can be

defined asg'(y;)/h'(x;), where g'(y;) =u'y"" is an output aggregating function,

® The index took its name from Sten Malmquist, whd peoposed the construction of quantity indexes
based on distance functions (Malmquist, 1953).&8&® Moorsten (1961).

11



beingu' the weighting vector, and' (x!) = v'x"" is an input aggregating function, being
V' the weighting vector. But how must those weighischosen? An obvious possibility
is to use the prices of inputs and outputs. ThenMaist index allows computing the
former index using just data on quantities. Itasnputed as a ratio of distance functions
and the computation of those distance functiondiaitly generate appropriate weights
for inputs and outputs.

Given that distance functions are computed by coispa between a firm and
another firm that acts as referent or benchmargalee it is considered to be optimal,
we must define a relative productivity index as ttaio between the absolute
productivity index of the firm (defined above) athe absolute productivity index of the
benchmark firm. This relative productivity indegRF) can be defined as:

_ 9'(yD)/h'(xi)
gl (y)/h(x)

where the symbol * represents the firm that attdims highest ratio of absolute

(1)

productivity, i.e. the benchmark firm. Note thae trelative productivity index of the
benchmark firm must take a value of one. The résthe firms will have relative
productivities of less than one.

It is possible to compute thi&P index using distance functions, but we must first
formulate some assumptions about the productiohntdogy —constant returns to
scale (i.e. first degree homogeneity) and sepatylof inputs and outputs—. The
output distance function is defined with respedhtat technology &%

() DC!(xi,y!)=min{6: (x,67'y}) OTice)
where T;.zrepresents the CCR technology, which satisfiesaisamptions in Charnes,

Cooper, and Rhodes (1978) —constant returns t@ $CRS) and free disposability of
inputs and outputs—. The distance function inddte proportion to which the output
vector should be expanded, holding the input vectorstant, in order to obtain the
productivity level of the benchmark firm. Thusjdta measure of relative productivity.
The value of the distance function for a firm candomputed by solving the following

linear program:

1% Distance functions can be defined with an inpubotput orientation. Given that in our empirical
application we have chosen an output orientatio& nethodology is explained for an output orieotati
It is very easy to extend these results to an iopentation using the appropriate input distanoefions
instead of output distance functions. In the palticcase of the constant returns to scale techgptbe
value of the distance function is the same in lootbntations (Fére and Lovell, 1978).

12



ty,tr
DC/(x,y;)=max 8= 1Y,

tx-tl
Utyt»'
(3) sa vtxtj'ﬂ , j03d
i
ut,vt >0

whereJ represents the set of firms used to construcethgirical reference technology,
which are generically denoted with the subinfgéxdistinguish them from the firm that
is being evaluatedi. The program finds the weights that maximize tledative
productivity of firmi. The objective function measures the distance sbparates this
firm from the benchmark firm in terms of productiviThus,

(4 RF =DCI(x.y})

The Malmquist index introduced by Cawetsal. (1982) measures the variation
in the relative productivity of a firm between twime periods, keeping fixed the
reference production technology—i.e., the benchrfiamrk—,

DCI (xi™yi™)
(5) MéCD = DCit (X'I[’ylt)

Note that the only difference between the distdincetions in the numerator
and the denominator distance functions are theigctrectors of the firm evaluated.
The benchmark technology is constructed in botioderfrom the data of peridd The
same effect could be measured using the peariddtechnology as the benchmark
technology,

DCit+1 (X"(+1 yit+1)

(6) M gClD = DCit+1(Xit !y|t)

To avoid choosing arbitrarily among taking pertant period t+1 technology as
the reference to compute the Malmquist index, alusiay to proceed is to take the

geometric mean of both extreme indexes,

DC-t (X-Hl yF+1) DC-Hl(X-Hl yf[+l) 12
7 M XF+1, lt+1’XF’ t - i i ' Ji i i v Ji
( ) CCD( i yl i yl) |: DCIt(XT’yT) DCiH.]_(Xit’y;[)
If Moo (XY™, x!,y!) >1, the index reflects a productivity growth that may
come from different sources. First, it is possitiiat the firm did improve its level of
efficiency relative to the benchmark firm—i.e., them did improve more than the
benchmark firm—. Second, the available technolo@y have also improved—recall

that we have fixed the technology—. Féare, Groskadywérris, and Zhang (1994)

13



proposed a first decomposition of the Malmquisteidhat separates both sources of

productivity variation,

+] + +] + + 172
M ¢yttt yty = DE Y DCH™ ™) DOy |
CCD (L A A P A DCit (X,t,y,t) DCit+1(Xit+1,y}+1) DCiHl(Xit,yit)

= efficiencychange[technicakhangef AEF "™ AT

(8)

The first ratio in (8) reflects the relative ef@ocy change of the firm
evaluated—variation in the distance towards itstemporaneous frontier—, while the
second ratio in brackets shows the productivityngleathat can be attributed to a
movement in the CCR frontier—benchmark firm—betweandt+1. Notice that, even
though this last component refers to technical gbait incorporates the subindex of
firm i, because it is computed from the activity vectirgirm i. Thus, the technical
change index measures the movement of the froati#re output level of the firm that
is being evaluated. It is defined as a geometriamte avoid the decision between the
input-output vectors of both periods.

The efficiency change index may in turn be decosepan two indexes. One of
them measures the change in pure technical eftigieiand must be computed with
respect to the variable returns to scale technelemyd the other one measures scale
efficiency change. Let
@ DV/(xi,y})=min{6: (,67Y}) OTicc}

be the output distance function defined with resgecthe T;.. technology, that

satisfies the assumptions in Banker, Charnes, andp&@ (1984} The BCC
technology drops the CRS assumption and imposestioalconvexity assumption. The
BCC production set is said to satisfy variable mefuo scale (VRS). We can compute a
residual scale efficiency index comparing the tustathce functions defined above,

DC} (x;,Y})
10) SE(xi,y})=—_ "2
( ) E[( i y|) DVIt(XII1yT)

and, therefore,

DCit+1 (Xit+1’ y.t+1) B D\/it+1 (Xit+1 , y’F+1) _SEHl (Xit+1 , y’i(+l)

DCI(x,,y!))  DV/(x,y!)SE(x,y!)

(11) AEF " = = APE!**1 ASE'*

1 The linear programs used to compute this indexbeafound in Banker, Charnes, and Cooper (1984).
A more exhaustive treatment of the non parametgpr@ach to efficiency measurement and the
properties of the different distance functions esypt can be found in Fare, Grosskopf, and Lovell
(1994).

14



The Malmquist index is finally decomposed in thnegexes that measure pure
efficiency change (relative to the VRS frontieQake efficiency change (comparing the
VRS benchmark with the CRS benchmark) and an inafetechnical change (that
reflects the movement of the CRS frontier).

The Fare et al. (1994) decomposition can be puahstdp further by identifying
two components in the index of technical changey Rad Desli (1997) proposed to
compute technical change using the VRS insteach®@fG@RS production set as the
reference technology. The difference between Féral.e(1994) and Ray and Desli
(1997) indexes of technical change can be intezgres a residual measure of scale
change of the technology. This last index indicatbsther the projection of the firm on
the VRS frontier is now closer or farther from t@jection on the CRS frontier (i.e.
the optimal scale). The four components decommositif the Malmquist index just
suggested has been developed by Simar and Wils@®8)land Zofio and Lovell
(1998),

1/2

M cep (Xfﬂ,yitﬂ' X: ’yit) =

DC™(xi™,yi™)| DCI(xi™.yi™) DCi(xi.yi)
DCI(xi.yi) [ DC™(x™,yi™) DC™(x;,y;)

(12)

DV (x™,y ) SE™(x",y*) [ DV (X y) DV ,y) |
DV (x',y})  SE(,y) [DV(xI™y™) DV (X, yl)

SE (x'",y™) SE(x',y!)
SE (x!",y"™) SEM(x!,y!)

/2
:| = APE(t't*-l'ASEt’t*-l'ATéég"i -ASIt’H-l

where the original index of technical change—inckeis— has been decomposed in an
index measuring the technical change of the BCQtieg AT ::, and a second
residual index of scale change of the BCC frontienS"*, being
AT = AT3E A5,

It must be noted that the distance functions #éinatused to compute the indexes
of technical change with respect to the BCC teabgwldo not necessarily have a
bounded solution. This happens because the radigdgtion of the firm's input-output

t+1

vector towards the BCC frontier of other perio®¥' (x!**,y!™), for instance—does

not necessarily belong to that frontier. In theesathat this happened in our empirical
application, for output oriented unbounded solwjone changed the orientation of the

distance function to an input distance function get a bounded solution that
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approximates the real movement of the technolodys Folution seems appropriate
because the problem with the unbounded solutiothéncomputation of the output
distance function reflects that the movement oftdotinology was an input reducing or
augmenting movement relative to the previous péfiod

5. RESULTS
5.1. Technical and scale efficiency

Table 4 summarizes the evolution of technical scale efficiency scores during
the period 1989-1998. The table shows the yearageeof the technical efficiency
scores computed under constant returns to scalg dbdCunder variable returns to scale
(DV), the residual scale efficiency score (SE), atahdard deviations in brackets. The
table reveals that a significant improvement hasuoed during the period as reflected
by the three indexes. Technical efficiency (DCy&ased from a mean value of 0.579 in
1989 to 0.717 in 1998. This result reflects a réidacin the distances separating the
best practices from the rest and, thus, a reduatidhe heterogeneity in the production
practices. The standard deviations shown in braclegnfirm this reduction in
heterogeneity. Despite this notable improvemerg, \thlue of the DC index in 1998
indicates that the banks in the sample could gtdduce a 28% more output without

increasing any of the inputs.

Table 4.- Temporal Evolution of Technical and Scale Efficgn

Years DC DV SE

1989 0.579 (0.21) 0.653 (0.21) 0.897 (0.15)
1990 0.621 (0.20) 0.693 (0.20) 0.902 (0.14)
1991 0.619 (0.21) 0.685 (0.21) 0.911 (0.14)
1992 0.655 (0.20) 0.718 (0.20) 0.917 (0.12)
1993 0.725 (0.19) 0.785 (0.19) 0.927 (0.10)
1994 0.677 (0.19) 0.745 (0.20) 0.915 (0.09)

2 1n our empirical application we found 9 problenfsuabounded values out of 142 observations. We
checked out other possibilities to the unboundesipesblem as substituting the unbounded value dy 1
omitting the observation that presented the probiertine computation of averages. We found that the
average results reported did not vary significarglyardless of the treatment given to unboundedkegal
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1995 0.707 (0.19) 0.760 (0.20) 0.933 (0.09)

1996 0.742 (0.19) 0.777 (0.18) 0.956 (0.07)
1997 0.725 (0.18) 0.761 (0.18) 0.954 (0.07)
1998 0.717 (0.18) 0.754 (0.19) 0.954 (0.07)
Average 0.677 (0.20) 0.733 (0.20) 0.927 (0.112)

The decomposition of the DC index provides sonmsgins about how the
overall improvement in technical efficiency has meehieved. Table 4 shows that the
improvement has been largely due to an enormouease in pure technical efficiency
(DV), from a value of 0.653 in 1989 to 0.754 in 89%cale efficiency has also
contributed to the improvement in technical efficg. The banks are now positioned
nearer to the optimal scale, as reflected by tleease observed in SE indexes, from
0.897 in 1989 to 0.954 in 1998. Although pure techinefficiency has experimented

the largest increase it is still the main sourcaefficiency.

Table 5 offers a comparison between the averdggeeicy levels of the banks
operating at each of the three geographic zoneseptan the sample: Europe, Japan
and North America. Mean technical efficiency in &uean and Japanese banks is
significantly larger than in North American banks, confirmed by the Kruskal-Wallis
means tedf15. If we just look at the means we would not b&edb appreciate the
enormous difference that exists between Europeah Japanese banks. The great
majority of banks leading the production frontiee &uropean. In other words, 23% of
European banks are completely efficient, while oalp.7% of Japanese and 6% of
North American banks get DC scores of 1. Still agerefficiency is the same in Europe
and Japan due to the great dispersion that exig&iiopean DC scores, as evidenced

by the large value of the standard deviation.

13 We use the Kruskal-Wallis test instead of conwerl Analysis of Variance to test differences
between the means of the three groups because D&tAssare not normally distributed. Furthermore,
even though our sample size is large, we canndy agptral limit properties because DEA scores ate n

iid. Independence is violated. For further discoissabout the application of non-parametric rankedas

statistics to efficiency scores see Brockett anth@®0(1996) and Sueyoshi and Aoki (2001).

17



Differences between geographic zones concerning f@echnical efficiency and
scale efficiency are more pronounced. On averdge,best managed banks are the
European banks, with a DV score of 0.78 and 38.8f#s Wbeing completely pure-
efficient, followed by Japanese banks, with a Gv8rage score. On the opposite hand,
Japanese banks are the most scale-efficient, withvarage SE score of 0.97, quite
close to the absolute efficient scale. The Kruskalis test shows that these
differences across zones are statistically siggmficat conventional levels. It is also
noticeable that there is quite less within groupateon regarding scale efficiency than
pure efficiency. This result suggests that themadse variation in managerial practices

than in sizes.

Table5s.- Eﬁiciencx Scores bx Geograehic Zones
DC DV SE
mean sd. DC=1| mean sd. DV=1l| mean s.d SE=1

Europe 0.71 (0.23) 23.1%| 0.78 (0.23) 38.8%| 0.91 (0.13) 23.1%
Japan 0.71 (0.13) 57%| 0.73 (0.13) 7.0%| 0.97 (0.03) 5.7%
North America 0.62 (0.18) 6.0%| 0.68 (0.19) 13.4%| 0.92 (0.11) 6.0%

K-W test : x° 69.9% 73 .5 35,9

* Significance level 0.1 ** Significance leveldd *** Significance level 0.01

5.2. Decomposition of the Malmquist productivitgiex

The temporal evolution of the Malmquist produdinindex is shown in Table 6.
On average, bank productivity has grown a 19.6%nfi®89 to 1998. The period 1992-
1993 shows the largest productivity growth with.8%%, followed by 1997-1998 with a
7.7%. The decomposition of the Malmquist produggiindex helps explain the manner
in which productivity growth was attained. Focusiog relative efficiency, the
decomposition shows an extremely large improvemenpure technical efficiency
during the period 1989-1998, with an average irsgegbove 25%. This improvement
was achieved mainly during the first 4 years of pleeiod, from 1989 till 1993. Again,
1992-1993 was the period with the largest improvame pure efficiency, with an
average increase of 14%, followed by 1989-1990 with8.6% and 1991-1992 with a
7.5%. Changes in scale efficiency have been morelerated and more evenly

distributed throughout the period. The average gaiscale efficiency from 1989 to
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1998 was near 10% and may be a visible consequanitee merging processes that
have occurred during the period, that have resuitechew entities with a more
productive scale. These two indexes (pure effigienhange and scale efficiency
change) conform the efficiency part of the Malmguisoductivity index, and reflect a

notable movement of inefficient banks towards tlstIpractice frontier.

Table 6.- Decomposition of the Malmquist index

Period Mecep APE? ASE!t! ATgcd ASHT

1989-1990 1.013 1.086 1.012 0.972 1.009
1990-1991 1.028 0.990 1.012 1.079 0.995
1991-1992 0.977 1.075 1.016 0.949 1.029
1992-1993 1.079 1.140 1.022 0.977 1.006
1993-1994 0.985 0.951 0.991 1.031 1.018
1994-1995 1.031 1.033 1.024 1.007 0.981
1995-1996 1.041 1.033 1.030 1.003 0.984
1996-1997 1.039 0.986 1.000 1.053 1.003
1997-1998 1.077 0.994 1.001 1.094 0.999
1989-1998 1.196 1.254 1.105 1.023 0.944

The technological part of the Malmquist index isnpmsed by the indexes of
technical change and scale change. These comporeflgist movements of the best
practice frontier, rather than movements of theksaowards the frontier. Thus, they
show the evolution of the production possibiliti€se period has been characterized by
a moderated technical progress that has incredmsegroduction possibilities of the
banks a 2.3% on average. Although the net effet@éafnical change during the period
is positive, technical regress was also observethree years: 1989-1990, 1991-1992
and 1992-1993. The index that measures the scategehof the technology (SC) is the
only one that shows an average value below 1. Hewehis result may have a positive
interpretation, because it indicates an approxonatof the optimal scale to the

projection of the bank on the VRS frontier. In otherds, there is less to be gained by
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adopting a better scale. This means that scaleieffiy scores would be larger even if

the banks have not done anytHihg

Table 7 compares the Malmquist index and its corapts across the three
geographic zones represented in the samplée table shows for each zone the mean
and standard deviation of each index and the ptgerof banks with a score above 1.
On average, productivity has increased in EuromkNorth America, with a 24% and
27% respectively. Even though Japanese banks araverage 2% less productive,
53.3% of them show a Malmquist productivity inddoge 1, a larger proportion than
in Europe (52.5%). The dispersion around the meareiy large in Europe, reflecting
again the great heterogeneity of the European bengksded in the sample. Japanese
banks have productivity profiles that are much mboenogeneous, with a standard
deviation of just 0.18. The Kruskal Wallis meanst teonfirms the significance of the

differences observed on average productivity.

Table 7.- Decomposition of the Malmquist Index by Zones @9898)

Mcco  APE™™  ASE"™  ATgec™  AS™

o mean 1.24 1.34 1.14 1.01 0.90
o
§ sd. (0.66) (0.56) (0.38) (0.49) (0.26)
- %>1 52.5% 54.2% 50.8% 45.8% 35.6%
- mean 0.98 1.04 0.99 0.95 1.02
% sd. (0.18) (0.20) (0.05) (0.20) (0.06)
i %>1
0 53.3% 50.0% 33.3% 40.0% 66.7%
© mean 1.27 1.28 1.13 1.08 0.95
c O
g g sd. (0.37) (0.46) (0.21) (0.39) (0.31)
< %>1 77.4% 67.9% 73.6% 54.7% 47.2%

14 Of course, a negative interpretation of this resublso possible. The result implies that therkess to
be gained by scale adjustments and thus fewertidinscfor improvement through, for example, mergers
or downsizing processes.

> The figures in the table were computed using d&ta989 and 1998. Thus, they reflect the net
variations observed throughout the whole period.
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K-W test : x° 9.75%** 5.93** 14.8*** 3.12 8.58**

* Significance level 0.1 ** Significance leveld® *** Significance level 0.01

European and North American banks also show largeases in pure technical
efficiency, a 34% and a 28% respectively, with @eglarge dispersion around the mean
value. Although the average efficiency improvemaas larger in Europe, only 54% of
European banks increased pure efficiency duringpréod, which contrast with the
68% of North America. The profile is again diffeten Japan. Japanese banks have
only increased pure efficiency a 4% and the disperaround the mean is relatively
small. The differences between Europe and North laaeand Japan are significant as
shown by the value of the Kruskal Wallis test. Haene pattern is observed regarding
the changes in scale efficiency. There are noteajgble changes in Japanese banks.
Recall that most Japanese banks were already ctatypkrale efficient. In contrast,

scale efficiency has increased around a 14% ingeuamd North America.

There are not significant differences across gguagcazones regarding technical
change. This result could be expected because,giolalized world, changes in the
technology (in the best practice frontier) shoulfict all the banks regardless of the
geographic zone in which they operate. Only diffiees in bank size across countries
could explain differences in technical change, beeathe zones could then be
confounded with scale intervals in the frontier.isThmay be the source of the
differences observed, because the European bartke isample are larger on average
than North American banks, which in turn are sigaifitly larger than Japanese banks.
The index of scale change reflects a movementegfficient scale towards European
and North American banks. There is not an apprézigbale change for Japanese

banks, which were already operating near the efiicscale in 1989.

Given that differences in technology change accossitries can only be due to
differences in bank size, we have compared the Maish index and its components
across three size intervals based on assets (Svtadium, Large). Standard deviations
are shown in brackets. Note that all our banksparese large banks. For Mukherjee et
al. (2001) large banks are those were assets egdebillion and for Alam (2001) large
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banks are those were assets exceed $0.5 billioaudrsample, although there exist a
significant dispersion between bank sizes, the gizbe smallest bank is $0.76 billion

while average total assets are $40 billion.

The groups were constructed as to contain apprd&lynghe same number of
banks. The group of Small banks averages $4.®itliollars in assets, Medium sized
banks $14.3, and Large banks $100 billion dollarke group of Large banks
experimented the greatest productivity growth withaverage Malmquist index of 1.30
between 1989 and 1998. In contrast, Small and Mediized banks show Malmquist
productivity indexes of 1.17 and 1.11. However, tlu¢he great dispersion that exists
within groups, the differences across groups irdpetivity growth are not statistically

significant at conventional levels.

Table 8.- Decomposition of the Malmquist Index by Sizes @-9898)

N Assets Mccp  APE'™!  ASE'™ ATgctt ASt

Small 47 4.5 1.174 1.221 1.022 0.873 1.143
(2.24) (0.54) (0.53) (0.16) (0.27) (0.23)
Medium 47 14.3 1.110 1.251 1.006 0.925 1.003
(4.82) (0.36) (0.47) (0.03) (0.25) (0.09)
Large 48 100.0 1.301 1.290 1.282 1.267 0.691
(80.9) (0.56) (0.44) (0.41) (0.53) (0.17)
K-W test : ¥ 3.40 0.31 27.6%%  18.1%*  102.0%**

* Significance level 0.1 ** Significance leveldd *** Significance level 0.01

There are not significant differences across graegarding the index of pure
efficiency change. This result reflects that thielemg up effect did not depend on bank
size. The results show a very different patternhwigéspect to the index of scale
efficiency change. Large banks show a large impreare of 28.2% in scale efficiency,
while the Small and Medium sized banks did not expent important changes. Thus,
the efforts of large banks to get a more scaleiefit through mergers and/or

acquisitions seem to have had positive results.
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Technical change also differs markedly across gmips, reflecting a non-
neutral shift in the production technology. Teclahieegress is observed in the groups
of Small and Medium sized banks and a large indeégahnical progress is achieved by
Large banks. This result means that the technoluayy generated more production
possibilities that can be enjoyed by Large banks laas eliminated some productive
options for smaller banks. It could be because Iseffatient banks have increased their
sizes more than inefficient small banks. Thereadse significant differences regarding
the scale change of the technology. The efficieaiesfor small banks in 1998 has
moved away from the standard in 1989, as reflebjethe scale change index of 14%.
Thus Small banks that have not increased theis size today more scale inefficient
than they were before. There is more to gain tdmagcale adjustments. The opposite
profile is observed in the part of the technologpyated by Large banks. Large banks
do have now less to be gained by scale adjustntleatsthey had in 1989. This means
that even if they have not changed their scaley, #ne more scale efficient now. These
results are consistent with a technological chathgé has shifted the efficient scale

upwards.

6. LINKING PRODUCTIVITY CHANGE AND MARKET RETURNS @& BANKS
Once we have analyzed efficiency and productivitarge in the sample, we

turn in this section to the study of the relatiapshetween the components of
productivity growth and the changes in the markdue of the banks. The objective is
to test whether bank stock performance may be giigrtexplained by the different

components of productivity change.

6.1 Productivity growth and market returns framelvor

It is common to rank firms according to produciivithange and/or stock
performance. Both rankings try to evidence theedéhces between firms that perform
better and firms that perform poorly. In a semesy efficient market where most of
the information available is incorporated into &tqeices, stock value performance is,
as it is widely accepted (Brealey and Myers, 1991915), the best estimate of value

creation for shareholders. As productivity growtisran unambiguous effect on value
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creation, it is reasonable to expect that firm$whigher productivity growth will have a

better performance in the stock exchange mafket.
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Figure 1.- Evolution of DataStream Bank price indexes

Figure 1 depicts the temporal evolution of comnarbanks price indexes from
December 1989 to December 1998 in the three gebgrageas considered in this
study and a fourth world-average indexThe figure shows that, during the period
considered, the North American index has grownefaghan the European and the
World indexes. Unlike the trends observed in theoke and America, the Japanese
index at the end of the period was lower than atltbginning of the period. Thus, we
see important differences in terms of value creattos shareholders that invested in the
same sector (commercial banks) but in differentgg@ohical areas. Part of these
differences may be explained by environmental facthat have affected different
geographical areas unevenly. Another part of tiffereéinces could have an explanation
in terms of the differences in productivity grovabross geographic areas that we have

reported in the previous section.

16 Alternative business performance measures suctheasobin Q (Tobin, 1969) could have been
considered. However, we lack information to caltul@obin Q. Also, accounting profit may be a more
stable measure of business performance. Howevés, fiilly related to past performance instead of
expected future performance. In the case of Tobiit 9,expected that, even after accounting foetss
replacement costs, the ranking of banks would teen the same according to stock performance and
according to Tobin Q

" These are Datastream indexes: BANKSER(PI) for Eemopcommercial banks, BANKSJP(PI) for
Japanese commercial banks, BANKSNA(PI) for Northefiean banks, and BANKSWD(PI) for World
commercial banks.
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In order to determine the relationship betweendbmponents of productivity
growth and stock prices, we use our 1989-1998 p&sekn that productivity growth
indexes refer to pairs of years, we will have agbari 142 banks and 9 time periods,
from 1989-90 to 1997-98. There are 81 missing \akmresponding to banks which
market returns could not be determined for somg¢hefyears of the panel. We also
excluded an outlier bank that had a market retarone of the years of the panel of
727%, when the average variation is 14'6%he final number of observations in the

sample is 1196.

The availability of panel data allows to controletteffect of unobserved
heterogeneity, i.e. unobserved variables that nffectathe dependent variable but do
not vary across units (time effects) or along tifimelividual effects). A generic panel

data regression model can be expressed as:
(13) vy, =a;+9o, + X +u,

wherey is the dependent variable,the vector of explanatory variables, amds the
random error term. Subindexésandt refer to the individual and the time period,
respectively. Coefficientsy, are the individual effects that capture the timeariant
effect of unobserved characteristics of each inldial on the dependent variable
(unobserved heterogeneity). Similarly, coefficiedtare time effects that capture the

effect of period which is common across individuals.

Individual and time effects can be considered fiygmrameters or random
variables. The appropriate model depends on theifgpsetting of the analysis. When
the specific value of the effect of a bank is demest, then the fixed model is more
appropriat&’. Also, the Hausman (1978) test can be run to ttesthypothesis of no
correlation between the effects and the explanatariables. Unlike in a fixed effects
model, consistency in a random effects model restthe assumption that there is no
correlation between the effects and the explanat@giables. In this study, the

'8 We run various regressions with and without thisesvation and found that it had an influentiabeff

on some of the estimated coefficients. This faicifoeced the decision of excluding the observation.

19 See Greene (1993: pp. 479-480) for a deeper disrusbout the differences between the fixed and
random effects models.
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Hausman test rejected the hypothesis in all the eflsothat we have estimated,

reinforcing the choice of a fixed effects mddel

The explanatory variables in our model are the feomponents of the
Malmquist productivity index. We expect a positigdect of pure efficiency change
and scale efficiency change on bank market retutns.more difficult to establish the
relationship between the technological componehtthe® Malmquist index (technical
change and scale change of the technology) andyeean market value. There may be
technical progress that is not enjoyed is not esgoypy an important number of
observations. Technical progress is common tdalbianks in a given size interval, but
some of them may improve their results while othey/ not, as we have seen in the
previous section. There is another problem withtdehnological components. Given
that technical change (and the scale change ofetttenology) is common for all the
banks of similar size, its effect might be highbrelated with the time effects. For this

reason, Table 9 shows the results of the model avithwithout the time effects.

Table 9. Components of productivity as drivers of markdtiea

Individual effects only Individual and time efts

Coefficient t-test Coefficient t-test
I nter cept - - -0.019 -0.08
APE! 0.264 4.08%** 0.291 5.01%**
ASE"! -0.063 -0.44 -0.152 -1.23
ATpcdtt 0.181 2.13* 0.051 0.68
A 0.035 0.37 -0.040 -0.48
R? 0.19 0.40

* Significance level 0.1 ** Significance leveld@d *** Significance level 0.01

The results show a strong relationship betweere mificiency change and
changes in market value, as it was expected. Hayéwere is no relationship between

%0 The fixed effects model can be estimated usingtftinary Least Squares Dummy variables estimator
or using the WITHIN estimator.
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scale efficiency change and changes in market va#lupossible explanation for this
result may be that changes in scale efficiency diseounted in the stock price far
before the scale efficiency improvements are alstwaihieved. Such may be the case
with most announcements of bank mergers, whichitjpesor negative expected
effects) are rapidly discounted by the market. vhiddively, it may be due to an

inadequate treatment of merger processes in oysleaiue to a lack of data.

Technical change has a positive and statisticalyifsicant effect on bank
market value when time effects are not includedhi@ model. As it was expected,
technical change is strongly correlated with tinfeeas and its coefficient is not
significantly different from zero when we includeettime effects in the model. These
results suggest that most banks benefit from tblenieal change leaded by the banks
on the frontier, as reflected in their stock pridescontrast, there is no significant effect
associated with the scale change of the technolblgg.reason may be the same as for
the effect of scale efficiency changes. It seenas the market is able to discount the
effects of technological changes that affect thénmgd scale before the banks can

actually enjoy them.

7. CONCLUSIONS
In this paper we have studied the evolution of potigity in a complete panel

of 142 banks operating in eighteen different caastover the period 1989-1998. Our
objective was to extend the results from previasearch, covering the 1990s decade in
three different geographic areas as North Amegeeaippe, and Japan. Our results have
evidenced that commercial bank productivity acrtb&sworld has grown significantly
during the 1990s and that this effect has beencipaly due to relative efficiency
improvement or catching up, with a very moderateatfof technological progress.

Our estimates of efficiency scores show large gaires the period considered,
which were primarily due to growth in pure techhieficiency, which increased from
an average of 0.65 in 1989 to 0.75 in 1998. Scéleiency has improved less on
quantitative terms, although the average score9®81(0.95) comes close 1, i.e. to
absolute scale efficiency. Our results have alswleswed pronounced differences
between geographical areas. Mean technical effigiam European and Japanese banks

during the 90s has been significantly larger thmamNorth American banks. The great
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majority of banks leading the production functioreresr European banks (23% of
European banks are completely efficient) while dal§o of Japanese banks and 6% of
North American banks were also leading the produactunction. Differences between
geographical zones concerning pure technical efiy and scale efficiency are even
more pronounced. According to our results, on ay@réhe best managed commercial

banks were the European banks, while Japanese bhankghe most scale efficient.

We also computed Malmquist productivity indexesngsiinear programming
DEA techniques. Unlike most of previous researche wsed the enhanced
decomposition of the Malmquist index proposed comperaneously by Simar and
Wilson (1998) and Zofio and Lovell (1998). Overbfnk productivity has grown a
19.6% from 1989 to 1998. Productivity growth was imha due to the large
improvement of pure technical efficiency, above 26ftaverage. The scale efficiency
gain along the period 1989-1998 was of 10%. Reggrthe technological part of the
Malmquist index, the period has been charactefiged moderate technical progress of
2.3%. The residual index that measures the scalegehof the technology presented a

less than one value, indicating that there istes® gained by adopting a better scale.

Results show markedly different productivity pateramong the three
geographical zones represented in the sample. verage, productivity has increased
significantly in Europe (24%) and North America ¢8) due principally to large
increases in pure technical efficiency. On the @gpo hand, Japanese banks
experienced a productivity decline of 2%, due tht®logical regress. The dispersion
of productivity indexes was found to be extremelsge in Europe, reflecting the great
heterogeneity of the European commercial banksidted in the sample. The profiles of
Japanese banks are instead much more homogenolige UWme case of Japan,
technological progress is found in Europe and, @aflg, in North America. However,
the differences across countries regarding teclgindbd progress are not statistically

significant.

The insignificant variation in technological changeross countries appears to
be due to differences in bank size across countuesg total assets as a proxy for
bank size, we constructed three groups of Smalbjiivie, and Large size banks, with
approximately the same number of observations widach group. We do not find

statistically significant differences in productivigrowth, although the Large banks
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present the highest Malmquist productivity indexétowever, the results show
statistically significant differences with respéetscale efficiency, technical change and
the scale change of the technology. Large banks shiarge improvement of 28.2% in
scale efficiency while Small and Medium sized badlid not experiment appreciable
changes. Thus, the efforts of large banks to gabee efficient scale through mergers
and/or acquisitions seem to have had positive tesiliechnical change also differs
across size groups, indicating a non-neutral shiftthe production technology.
Technical regress is observed in the groups of ISamal Medium sized banks, while a
large index of technical progress is achieved bygé@anks. This result indicates that
the technology has generated new production pdisisibithat can be enjoyed by large
banks. The efficient scale in the frontier has ntbseray from Small banks. This result
means that Small banks that have not increased shess yet are today more scale
inefficient than they were ten years ago and, tthexe is more to gain today by scale
adjustments. The opposite profile is observed & ghrt of the frontier populated by
Large banks. Large banks do have now less to eddiy scale adjustments than they
had in 1989.

Finally, we have studied the relationship betwedme tcomponents of
productivity change and bank stock performanceh wie objective of determining how
cumulative market returns may be explained in teohgroductivity growth. The
estimates are consistent with the wealth maxinmomaticriterion in financial
intermediaries. Our results show a strong positatationship between pure efficiency
change and market returns. As it was expected,narease in pure efficiency is
associated with an increase in the bank's markeev&lowever, no relationship was
found between variations in scale efficiency andnges in market value. This result
may be due to the possibility of discounting theeefof scale adjustments in the market
value of the bank long before the effects of thgustthent translate into efficiency
gains. Technical change was found to exert a pesétnd statistically significant effect
on the banks' market returns when time effectsaténcluded in the model. This result
suggests that the majority of the banks benefinftbe technical change leaded by the

banks on the frontier.

Our results seem to be in consonance with the firadings reported in previous

literature. However, there are three factors thmit the comparability of our results.
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First, our sample refers to the period 1989-19%8lenprevious research has focused on
the period 1980-1994. Second, we have constructednamon frontier for North
American, European and Japanese banks. In our sarti@ frontier is primarily
populated by European banks. This means that & lpagt of the efficiency changes
reported for North American and Japanese banks dvéwlve been "named" as
technological change if the study was centeredish pne geographic area. As that has
been the case in previous studies, the comparisast e done carefully. A third
concern that limits the comparability of our resultith previous research is that we
have extended the decomposition of the Malmqudxnalong the lines suggested by
Simar and Wilson (1998) and Zofio and Lovell (1998ur estimator of technological
change thus differs from that employed in previoesearch, with the exception of
Wheelock and Wilson (1999).

In the case of North American banks, our resules ansistent with the trend
reported by Mukherjee et al. (2001) for U.S. bartsng the period 1984-1990,
although our sample also includes Canadian bankweMer, contrary to Wheelock and
Wilson (1999) and Alam (2001), we find that catchup is the main source of the large
productivity increase experimented by North Amamitenks, appreciating a moderate
effect of technological progress. With respect todpe, it is more difficult to make a
comparison, because there exist a large degreetefdgeneity across countries. Our
results show significant productivity increase doieatching up and almost no average
effect of technological progress. This result icansonance to that reported by Berg,
Farsund, and Jansen (1992) for Norwegian banks)diuwvith Lang and Welzel (1996),
Grifell-Tatje and Lovell (1999), Kumbhakar et aR0Q1) and Maudos (1996) who
found productivity growth due to technological pregs with moderate or even negative
catching up in German and Spanish banks, or MeaddRebelo (1999) who reported
negative catching up and technological regressanuBuese banks. Our results for
Japanese banks contradict those obtained by Fulkuy&a®95) who found negative
catching up and technological progress for 19891199 result that is exactly the
opposite of that reported here for the period 19898. As we have pointed out above
these differences may be due to differences imtathodology, in the composition of

the database and in the time period covered.
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Appendix | — Database details

We have included only those banks present in Dat@st lists for commercial banks in
the countries we have studied. We have selectedmesomal banks from those
Datastream lists (DS lists) included in Table l.eThst does not include all the
commercial banks in the country but it is expedteat the criteria for inclusion in the
list be the same for all lists/countries. We havst taken those commercial banks in
each of the lists that fulfilled simultaneously ttime interval 1989 to 1998 and that
have all the inputs and outputs specified in thekbproduction function. From the
initial 319 banks included in the Datastream conuiarbanks lists, we have finally
selected 142 and from the original 21 countrieseréhwere three countries (Greece,
Netherlands and Poland) where no banks fulfilledutianeously the time interval and

inputs/outputs criteria.

Initial  |Final number
number of | of banks

NAME DS lists banks (*) |(Our sample)
GERMANY-DS BANKS LBANKSBD 7 6
BELGIUM-DS BANKS LBANKSBG 6 1
DENMARK-DS BANKS LBANKSDK 4 3
SPAIN-DS BANKS LBANKSES 16 11
FINLAND-DS BANKS LBANKSFN 3 1
FRANCE-DS BANKS LBANKSFR 5 4
GREECE-DS BANKS LBANKSGR 10 0
IRELAND-DS BANKS LBANKSIR 4 1
ITALY-DS BANKS LBANKSIT 35 12
LUXEMBURG-DS BANKS LBANKSLX 6 1
NETHERLAND-DS BANKS LBANKSNL 6 0
NORWAY-DS BANKS LBANKSNW 4 1
AUSTRIA-DS BANKS LBANKSOE 5 3
POLAND-DS BANKS LBANKSPO 8 0
PORTUGAL-DS BANKS LBANKSPT 6 2
SWEDEN-DS BANKS LBANKSSD 4 3
SWITZ-DS BANKS LBANKSSW 17 3
UK-DS BANKS LBANKSUK 12 7
CANADA-DS BANKS LBANKSCN 10 8
US-DS BANKS LBANKSUS 65 45
JAPAN-DS BANKS LBANKSJP 86 30
TOTAL 319 142

Table | — Datastream commercial banks lists

* |nitial number of banks in the Datastream comnarigank list

Regarding the data source we have consider Worp@saocount formats. Worldscope
data takes into consideration the variety of actiogrconventions in a global template
designed to facilitate comparisons between compaaiel industries within and across
national boundaries. Although, there are limitasiom the comparability and thus utility
of raw data as reported in company accounts, Woolaks is designed for the user who
needs to compare the financial information of conigs from different industries and
countries throughout the world. Where differencessea due to disclosure or
presentation, however, it is possible to improve ¥alue of fundamental information.
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Thus, differences in accounting terminology, présegon and language are minimized.
However, there exist many other differences that mmgpede such comparisons.

Accounting practices under all major headings asdbed on a company-by-company
and year-by-year basis, in order to allow usersl¢éntify the major valuation policies.
Worldscope database providers claim that they ddal@ange” any figures reported by
the company in its accounts. Although, if necessatgounts are rebuilt using the same
components the company originally used, to arriv@are uniform reporting templates.
We also include in table Il information on the lelimmercial banks in our sample. For
more information on Worldscope visit the following website
http://www.worldscope.com
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