Productivity Change in European Banking: A
Comparison of Parametric and Non-Parametric
Approaches

Barbara Casu*
The University of Reading

Claudia Girardone
Middlesex University Business School

Philip Molyneux
University of Wales, Bangor

Abstract
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JEL classification: G21; D24.

Key Words: Finance and Banking, Productivity change, Malmquist Index, DEA,
Stochastic frontier

*Corresponding author: Dr Barbara Casu, Department of Economics, The University of
Reading (UK); tdl. +44 (0)118 3786034; e-mail: b.casu@reading.ac.uk



1. Introduction

During the 1990s there has been a congtant emphasis towards the integration of
banking and financid system to create a more market oriented, competitive and productive
financid sector throughout Europe. At the same time, technologica innovations have
transformed the banking indudtry, offering savings in the cost and time of providing financia
sarvices and creating a range of new products. To keep pace with such developments a
subgtantid body of efficiency and productivity studies have sought to inform regulators and
practitioners on banking sector performance issues rdating to the ragpidly changing market
environment.

The academic literature, particularly in the US, has mainly focused on analysng cost
efficdency (and more recently profit efficiency) usng both parametric and non-parametric
methodol ogies (see Berger and Humphrey, 1997 and Goddard et d., 2000 for areview of the
literature). Another strand of the contemporary literature has focused on productivity changein
banking, by employing ether non-parametric or parametric methodologies. The former
typicaly adopt the Mamquigt Totd Factor Productivity (TFP) Index agpproach whereas
parametric models include atime trend as a proxy for disembodied technica change. Recently,
Berger and Mester (1999, 2001) reinterpret the literature by proposing a parametric method
to decompose total changes in cost over time into a portion due to changes in busness
conditions and a portion due to changes in bank productivity.

Andysing the productivity of banking sysems is of interest from a policy perspective
because if banks are becoming more productive then one might expect better performance,
lower prices and improved service qudity for consumers, as wdl as greater safety and
soundness if productivity improvements are channdlled towards strengthening capital buffers
that absorb risk. Andysing productivity differences across countries may help to identify the
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success or falure of policy initiatives or, dternativey, may highlight different drategies
undertaken by banking firms. There is some evidence to support the view that financid
deregulation leads to productivity growth (Berg et d, 1992). Yet, the main source of
productivity growth is uncertain. Berg et d (1992), for ingance, find that productivity gains
result from improvements in bank efficiency rather than shiftsin the best practice frontier, other
evidence indicates that technicad change is a more important determinant of productivity
growth (Alam, 2001 and Mukherjee et d, 2001). The debate about the sources of
productivity growth in the banking sector is therefore unresolved. In addition, the picture is
now further complicated as there exists two competing methodologies, non-parametric and
parametric, to estimate productivity growth and its decomposition.

In order to contribute to the aforementioned debate this paper presents parametric and
non-parametric estimates of productivity growth in European banking during the 1990's. The
man am is to investigate the sources of productivity growth and to see if the competing
methodologies yidd samilar results. Overdl, we find that both the parametric and non-
parametric gpproaches consstently identify those systems that have benefited most (and least)
from productivity change during the 1990's. The results dso suggest that (where found)
productivity growth has mainly been brought about by improvements in the performance of
best practice banks and there does not appear to have been ‘catch-up’ by non best-practice
ingtitutions. However, both approaches reved a decreasing trend in the performance of best
practice banks towards the end of the 1990s. In generd, the findings reported in this paper
illustrate that different methodologies corroborate productivity change estimates in European

banking.



The paper is st out as follows: Section 2 reviews the main literature and Section 3
outlines the approaches to the measurement and estimation of productivity growth. Section 4

illustrates the results and Section 5 concludes.

2. Literature on Productivity Changein Banking

The concept of tota productivity was firgt discussed in the literature of the 1930s and
the firg explicit cdculation of “technicd development”, obtained by generadisng a Cobb-
Douglas production function by adding an exponentid time-trend, is atributable to Tinbergen
(1942) (see Grilliches, 1996 for areview of this early literature). In the context of this study,
total factor productivity (TFP) measures changes in totd output reative to inputs and the
concept derives from the ideas of Mamauist (1953)! and the distance function approactt.
Cave et d. (1982b) have investigated productivity indexes derived from Shephard's distance
function and provided the theoreticad framework for the measurement of productivity; this
forms the bass for what has become known as the Mamquist Productivity Index number
approach. Fare et d (1985, 1994) have shown how the Farrdl’s (1957) efficiency indexes are
closdy related to Shephard' s distance functions®.

One of the firg sudies to investigate productivity change in the banking industry was by

Berg et d. (1992). They employed Mamquist indices for productivity growth in Norwegian

! Important developments in this field have been introduced, among others, by the work of Diewert (1976,
1978, 1981), Caves, Christensen and Diewert (1982a and 1982b) and Fare, Grosskopf and Lovell (1985,
1994).

% Shephard’s (1970) distance functions have guided much of the development in efficiency and
productivity analysis. In a multi-input multi-output framework, an output distance function is defined as
the reciprocal of the maximum proportional expansion of the output vector, given inputs. An input
distance function is defined as the reciprocal of the maximum proportional contraction of the input vector,
given outputs.

% In his empirical work, Farrell (1957) defines technical efficiency as the maximum proportional contraction
of inputs. He also indicated that, under constant returnsto scale, this may be interpreted as the percentage
by which output could be increased using the same inputs. The interpretation of Farrell’s measures of
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banking during the years 1980-89 and found that productivity fel prior to the period
experiencing deregulation but grew rapidly when deregulation took place. Grifdl-Tajé and
Lovdl (1997) investigated the sources of productivity change in Spanish banking over the
period 1986-1993 usng a generdised Mamquist productivity index. They found that
commercia banks had a lower rate of productivity growth compared to savings banks, but a
higher rate of potentid productivity growth. Whedock and Wilson (1999) used the Mamquist
index to study productivity change for adl US banks between 1984 and 1993. They found that
productivity declined on average during this period because of reductions in efficiency. Alam
(2001) adopts a smilar approach to Whedock and Wilson (1999) to investigate productivity
change in US commercid banking over the 1980s and finds a dgnificant productivity increase
between 1983 and 1984, followed by a fal in 1985 and growth theregfter. Chaffa et d.
(2001) use a Mdmquist type index that dlows for intercountry productivity differences to be
broken down into pure technologicd and environmental effects. These indices are used to
caculate productivity gaps across four main EU countries.

A number of studies (see for example, Berger and Humphrey, 1992; Bauer et a., 1993;
Humphrey 1993, Humphrey and Pulley, 1997; Stiroh, 2000) have used various econometric
modd specifications to estimate either THP growth or technologica progress in US banking
during the 1980s and 1990s. Generdly this literature finds little evidence of productivity
growth whereas evidence on technologica progress is mixed.

A handful of European studies have aso addressed this issue. For instance, Altunbas et d.
(1999) found that technical change has systematically reduced European banks totd cost
during the 1990s, dthough Battese et d.’s (2000) study of Swedish banks found that technical

change became exhausted with ‘average’ banks catching up with industry best practice.

technical efficiency asreciprocals of distance functions can be found in Fare et a (1985, 1994).
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Williams (2001) estimates the rate of productivity growth for European savings banks
between 1990 and 1998 and concludes that financid deregulation appears to have increased
the rate of frontier progress. Kumbhakar et d. (2001) aso investigate the savings bank sector
using aprofit function gpproach. Empirical results suggest dedlining technical efficiency but dso
find evidence of technica progress and productivity growth.

All the parametric studies reviewed so far use variations of the time trend approach to
estimate technologica change and productivity growth. Berger and Mester (1999, 2001)
introduce a decomposition of tota cost changes into a portion due to changes in business
conditions and a portion due to changes in productivity. Their main result is that during the
period 1991-97 cost productivity deteriorated while profit productivity improved substantialy,
particularly for banks that engaged in mergers. Stiroh (2000) employs various econometric
techniques, including the cost decomposition suggested by Berger and Mester (1999, 2001)
and finds productivity growth of about 0.4% and these reaults are found to be consstent

across methodologies.

3 Methodology and Data

This section briefly describes the parametric and non-parametric methodologica
gpproaches followed; illustrates the sample and discusses the measurement of the inputs and
the outputs used in our andyss.

Parametric and non-parametric gpproaches differ in the assumptions they make
regarding the shape of the efficient frontier and the existence of random error. Non-parametric
methods do not require any assumptions with respect to efficiency or the underlying functiona
form for the technology. Although there is no consensus in the literature as to the “best
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method” for estimating the frontier, Bauer et al. (1997) point out that it is not necessary to
reach such consensus but it isimportant instead to find ‘ consstency’ for the gpproaches to be
most useful for regulators or other decison makers. Indeed, by usng multiple frontier

techniques the robustness of the results can be tested (methodologica cross-checking).

3.1 Malmquist Total Factor Productivity (TFP) Index

Totd factor productivity (TFP) measures changes in totd output relative to inputs and the
concept derives from the ideas of Malmaquist (1953)*. As discussed by the review of the non-
parametric literature, the Mamquist TFP index is the most commonly used measure of
productivity change® The Mamauist TFP index measures TFP change between two data
points by cdculaing the ratio of the distances of each data point relaive to a common
technology. Following Shephard (1970), Fare (1988) and Fére et d. (1994) the output

distance function is defined® at t as
Do(x',y") =imf{ q:(x",y" /9T S}
= (sup{g:x",aqy")T S} (1)
The digance function seeks the reciproca of the greatest proportiona increase in
output, given input, such as output is gill feasble. The distance function is the reciproca of

Fardl's (1957) measure of output technica efficiency, which cdculates “how fa” an

observation is from the frontier of technology.

* Important developments in this field have been introduced, among others, by the work of Diewert (1976,
1978, 1981), Caves, Christensen and Diewert (1982a and 1982b) and Fare, Grosskopf and Lovell (1985,
1994).

® For a literature survey on the subject, see Grosskopf (1993) and Fére, Grosskopf and Roos (1997). Also,
Ray and Dedli (1997) discuss the conceptual framework and Mukherjee, Ray and Miller (2001) derive the
geometric decomposition for ageneralised Malmquist index.

® Theinput distance function is similarly defined.
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To define the Mamquist index, it is necessary to define distance functions with respect
to two different time periods
Dy (x",y™) =irf{ g: (x"*,y"*/9)T S} @
This distance function measures the maximum proportiona change in outputs required to make

t+1

(x"*,y"") feasiblein relation to the technology at t.
Following Fare et d. (1994) the Mamquist (output oriented) TFP change index

between period s (the base period) and period t isgiven by:

_élyx). dilyox )V o
gdsly.x.) dily..x.)g
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where the notation dg(x,,y,) represents the distance from the period t observation to the

period s technology. A vaue of M, greater than one will indicate positive TFP growth from the
period sto period t while a vaue less than one indicates TFP decline. Note that equation (3)
is, in fact, the geometric mean of two TFP indices, the firgt evaluated with respect to period s
technology and the second with respect to period t technology.

An equivaent way of writing theindex is.

&
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where the ratio outsde the square brackets measures the change in the output oriented
measure of Farrdl| technica efficiency between period sand t. That is, the efficiency change is
equivaent to the ratio of the Farrell technicd efficiency in period t to the Farrdl technical
efficiency in period s. The remaining part of the index in equation (2) is a measure of technical
change. It is the geometric mean of the shift in technology between the two periods, evauated

a x,and X, . Therefore,
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Productivity change (M) is decomposed into Technologicd Change (TC), which reflects
improvement or deterioration in the performance of best practice Decison Making Units
(DMUs); and Technica Efficiency Change (TEC), which reflects the convergence towards or
divergence from the best practice on pat of the remaining DMUs. The vdue of the
decompodgtion isthat it provides information on the sources of the overal productivity change.
Severd different methods can be used to compute the distance functions which compose the
Mamaquist TFP index; to date, the most popular method has been the DEA-like programming
method suggested by Fare et d. (1994), which is the method that will be followed in our
empiricd andyss.

Fare et d. (1994) dso propose an “enhanced decomposition”, which takes the
efficiency change component caculated reative to the congtant returns to scde (CRS)
technology and further decomposes into a “pure technica efficiency change’ component
(cdculated relative to the variable returns to scae (VRS) technology) and a residud “scae
efficiency” component, which captures changes in the deviation between the VRS and CRS
technologies.

The decomposition becomes

Mo (¥s, Xs.¥1 %) = TCX TEX SE (4)



where TC represents Technical Change, TE represents pure efficiency change and SE
represents scae change. The scde change and pure efficiency change components are the
decomposition of the efficiency component TEC = TE x SE.

This further decompostion has been subjected to a number of criticisms (see, for
example Ray and Dedli, 1997) on the bass of the roles of the VRS and CRS frontier on the
decomposition. However, there seem to be consensus that the Mamquist index is correctly
measured by theratio of the CRS distance function even when the technology exhibits variable
returns to scale. Whereas Fare et al. (1994) and Ray and Dedi (1997) cdculae the

Mamaquist productivity index in the same way, they propose aternative decompositions®.

3.2 Productivity Growth from a Decomposition of Cost Changes

In contrast with the aforementioned literature, econometric sudies generdly represent
technica change by including a ample time trend in the estimated cost or profit functions.
Edimates of the rate of technicad change are then cdculated as the percentage change in
production or cost over time. With the introduction of flexible functiond forms (e.g., trandog
and Fourier Flexible) the smple time trend representation of technicd change has been
modified to include time squared, and interactions between time and other explanatory
variables (Heshmati, 2001).
Berger and Mester (1999, 2001) extended the established parametric approach to estimate
productivity growth. Using both cost and standard profit function estimates they decompose

productivity growth into a portion due to changes in business conditions and a portion due to

" The TEC term refers to efficiency change calculated under CRS and the TE term refers to efficiency
change calculated under VRS. SE = TEC/TE. Scale efficiency in each period is calculated as the ratio of the
distance function satisfying constant returns to scale to the distance function restricted to satisfy variable
returnsto scale.

8 These alternative ways to decompose the Malmquist productivity index may, in empirical application lead
to different conclusions about the sources of productivity change.
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changes in productivity. Furthermore, they decompose productivity change into the change in
best practice and change in inefficiency components.

In this study, we compare the decomposition of productivity growth derived from the cost
function approach with the Mamaquis estimates. As in Berger and Mester (2001), we
represent the cost of the industry a time t by the predicted cost of a bank with average
business conditions, average inefficiency for the period and a zero random error. This gives

exp [fa (X )]~ exp [InTg,)], where X, gives the average vaues of the business condiition
regressors at timet and InT., gives the average value of the inefficiency factor. The tota gross

change in cost between period t and period t+k is measured by the ratio of the predicted

costsin the two periods:

DTOTALct i { €xplfoe( X ey )] explinTe,. A explfc( X, )] exp [InT)I} - (5)

Further, we decompose DTOTAL ¢ into the gross changes in best practice, inefficiency and

business conditions:
DTOTALcrek = {explfer( X )] A explfa( X )1 - (Changein best practice)
{exp[int,,,, )/ exp[Inu.)]}” (Change in inefficiency)
{explfer( X con /Explfcen( X )} (Change in business conditions)
° DBESTPRctt+k = DINEFFct 1k~ DBUSCONDCt 14k (6)
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Therefore, the changes in costs are decomposed into three multiplicative terms. The change
in best practice, DBESTPR, gives the change in costs due to changes in the best practice
cost function fc(e), Snce it holds business conditions and inefficiency congtant; DINEFF: gives
the contributions from changes in inefficiency whereas DBUSCOND( gives the contributions
from changes in business conditions only. All three terms are measured as gross changes,
therefore a number below 1 indicates faling costs and a number above 1 indicates risng costs.

Cost productivity change is the product of the change in best practice and the change in

ineffidency:

DPRODct i+« © DBESTPRct k= DINEFFc; 14k

= {explfee X ) Aexplfc( X )1}~ {explinTe,, )/ exp [INT)l}  (7)

This study employs a standard trandog functiona form.® Our specification of the cost

functionis

3 3
INTC=  a,+3a,Iny,+ab,Inw, +
i=1 i=1
€3 & $ u
+y2ed A d,inyny, +4 g, nw Inw, g+ ®)
a

Qi=1 j=1 i=1 j=1

3

o] (<]
+raar;inyinw +inucinec
=

-

where TC is a measure of the costs of production, comprising operating costs and interest

paid on deposits; the y; (i =1, 2,3) are output quantities; the w; (] =1, 2,3) are input prices,

° Berger and Mester (1997a) found that both the translog and the Fourier-flexible functional form, which is
a global approximation that includes a standard translog plus Fourier trigonometric terms, yielded
essentially the same average level and dispersion of measured efficiency, and both ranked the individual
banksin almost the same order.
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and the standard symmetry and linear restrictions apply.*°

In accordance with the assumed congraint of linear homogenaity in prices, TC, w; and w, are
normalised by the price of capita, ws. The Inu, term denotes an inefficiency factor that may
raise costs above the best practice level and e; denotes random error. The various efficiency
measurement techniques differ in how they didtinguish the inefficiency term from the random
error term. In this study, we use the digtribution free method (Berger, 1993) that assumes
there is core inefficiency for each firm over time that is distinguished from random error. The
method assumes that core inefficiency is persstent over time, while random error tends to
average out over time.

Findly, in order to be able to decompose the productivity change into the change in
best practice and change in inefficiency (see equation 6 above), we use a verson of the thick
frontier gpproach (see Berger and Humphrey 1991) so that banks with residuds in the “best”
25% in each country (lowest cost residuals) are assumed to be best practice for that year. We

then estimate best practice functions using OL'S on the most efficient quartile of banks™

3.3  Dataand Inputsand Outputs Definition

Our data st is primarily drawn from BankScope and includes annud information for a
baanced pane of over 2000 European banks between 1994 and 2000. The sample
comprises only large banks (totad assets > Euro 450 million) from the largest European

banking markets. France (357 banks), Germany (518 banks), Ity (413 banks), Spain (448

10 Standard symmetry implies that: d, =d, and g =9 ,where (i =1,2)and (j =1, 2,3) , and the following
3

linear restrictions on (7) are necessary and sufficient for linear homogeneity in factor prices. § b =1;
j=1

3
éag _o and ar; =0. We exclude factor share equations, which embody restrictions imposed by
‘ i =1

Shephard's Lemmaor Hotelling’s Lemma, because these would impose the undesirable assumption of no
alocativeinefficiencies [see, for example, Berger and Mester (1997a,b)].
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banks) and United Kingdom (350 banks). Subsdiaries of foreign banks, speciaised financid
inditutions and centrd indtitutions as well as dl banks particular to a certain country (for
example, specid credit inditutions in Itdy, finance companies in France and officid credit
inditutions in Spain) were excluded from the sample. As in Stiroh (2000) the sample
comprises only continuoudy operating ingtitutions, to avoid the impact of entry and exit and o
as to focus on the behaviour of a core of large European banks during the 1990s. Estimations
are carried out on individua countries.

Choosing the appropriate definition of bank output is a relevant issue for research into
banks cogt efficiency. The approach to output definition used in this Sudy is a variation of the
intermediation approach, which was origindly developed by Sedley and Lindley (1977) and
posts that tota loans and securities are outputs, whereas deposits aong with labour and
capita are inputs. Specificaly, as shown in Table 1, the input variables used in this study are:
the average cost of labour (personnd expensesitotal assets)'®  deposits (interest
expenses/customer and short-term funding) and capitd (totad capitd expensesitotd fixed
assats). The output variables capture both the traditional lending activity of banks (tota loans)
and the growing non-lending activities (securities). In addition, we dso include the nomind
vaue of banks off-balance sheet items as a third output as contingent liabilities such as letters
of credit, derivatives and other types of non-traditiond activities are becoming increasingly

important in European and global banking™.

<Table1>

" Asin Berger and Mester (2001) we assume that the residuals represent random error and not differences
in efficiency.

12 We use personnel expenses to total assets as our indicator of unit labour costs because there was
substantial missing datafor staff numbers for many banksin our sample.

3 On the importance of including the OBS items as one of the major outputs of banks in the US see for
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Table 1 shows subgtantid variation in the financid characterigtics of the sample banks.
Spanish and Italian banks have, on average, the smdlest baance sheets in our sample and
among the lowest level of off-baance sheet activity. Staff codts are the lowest in the UK,
whereas interest costs appear to be highest in Italy. On average, the UK and French banks in
our sample are subgtantidly larger than those in the other countries under study. Although not
shown in the Table, the nomina vaue of off-balance sheet (OBS) items stood at a lower leve

in 2000 than compared with 1994 for al the systems under study.

4. Results

4.1 Malmquist TFP Estimates

Following Fare et d. (1994) the Mamquist (output-oriented) TFP change index has been
caculated. A vaue of the index greeter than one indicates postive TFP growth while a vaue
less than one indicates TFP decline over the period. Productivity change is then decomposed
into Technologica Change (TC), and Technical Efficiency Change (TEC), where TFP = TC x
TEC. An improvement in TC is consdered as a shift in the best practice frontier, whereas an
improvement in TEC isthe “catch up” term. The Technicad Efficiency Change (TEC) is further
decomposed into the scale change (SE) and pure efficiency change (TE) components TEC =
TE x SE. The vaue of the decompogtion is thet it attempts to provide information on the
sources of the overdl productivity change in the banking sectors of the main EU countries.

Productivity change estimates are summarised below. The annud entries in each column in
Tables 2 are geometric means of results for individua banks and the period results reported in
the last row for each country are geometric means of the annua geometric means.

<Table2>

example Rogers (1998) and Stiroh (2000).
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Overdl, the results seem to indicate productivity growth for al countries under anayss,
particularly from Spanish (+9.5%) and Itaian banks (+8.9%). Productivity growth has been
more modest for French, German and British banks (+1.8%; 0.6% and 0.1% respectively).
From an andlyss of the decompostion of the Mamquist TFP, productivity growth in the
Itdian and Spanish banking systems seem to have been brought about mainly by a podtive
technological change (+10.5% and +9.2% respectivey). Although it is difficult to precisdy
explan the subgtantid shift in the best practice frontiers in these banking systems between
1996 and 1999, it is may be related to the greater level of domestic market consolidation and
restructuring that occurred in Italy and Spain compared with the other countries under study™.
In addition, whereas Spanish banks seem to have been able to exploit dso some catching up
effect, thar Itdian counterparts display a decreasing trend in the efficiency change component
over the 1990s (-1.5%).

The reaults relaive to the British banking sectors show a dight improvement in the TFP
index with an overal increase in productivity of about 0.1%. This productivity growth ssemsto
have been brought about by improvements in efficiency (+1.4%) rather than a postive
technologica change, dthough the results of the yearly averages indicate areverse trend in the
early part of the 1990s. The picture that emerges is an dmost congtant rate of productivity
change, resulting from a decline in more recent years in the performance of the best practice
inditutions

Productivity growth seems to have been brought about by technological change for French

banks (+3.1%), which display aso a deterioration in the cost efficiency levels (-1.3%). On the

¥ According to the ECB (2000) the five-firm concentration ratio for Italy and Spain increased to 9.5% and
5.6%, respectively between 1997 and mid-1999, substantially higher than in Germany (2.7% increases) and
the UK (-0.7%). No figures were available for France.
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other hand, an interesting feature for German banks is the catching up with best practice
indtitutions and the pogitive scae efficiency change (+3.1% and 0.05% respectively). All the
other European countries under andysis, with the exception of the UK, display negative scae
efficency change, thus highlighting that some “wasted expenditure’ is accounted for by
uneconomica scale size of French, Spanish and Itdian banks.

Overdl, despite the indication of TFP growth for dl countries in the sample over the 1990s,
the andyss of the decomposition of the TFP index into its technological change (TC) and
technicd efficiency change (TEC) components highlights different trends. Whereas there seem
to have been consderable technological changes over the 1990s (although with a decreasing
trend in dl countries, except the UK, at the end of the decade), little seems to have changed in
terms of cost efficiency. Despite the gains achieved by best practice ingtitutions, there has been
little catching up effect on the part of the remaining inditutions. This may suggest that only best
practice banks, so far, have been able to take advantage from the opportunities offered by the

different forces of changes in the European banking sector.

4.2 Productivity Estimates from a Decomposition of Cost Changes

Table 3 reports the total changesin costs over time (DTOTAL) and the decomposition
of these totd changes into their DPROD, DBUSCOND, DBESTPR and DINEFF
components for our sample of European banks. The rows in the table give annuaised
measures for the entire period 1994-00 with 1994 serving as a base year. The andyss of the
productivity change for UK banking sector using the parametric method could not be carried

out dueto the lack of sufficient data on off-ba ance sheet items (Y5 in equation 7 above).

<Table 3>

-17 -



Over the entire 1994-2000 interval the cost of the average bank (DTOTAL) increased for
France a an annud rate of 3.2%. We used the average-practice cost function (estimated using
al banks) to decompose cost changes, this suggest that cost productivity declined by the same
amount (3.2%) while business conditions do not appear to affect costs over the period
(DBUSCOND-=1). The results for Germany show that cost of the average bank increased at
an annud rate of 2.4% and cost productivity declined by 2.2% over 1994-00. Also, changes
in business conditions increased costs over dl years (DBUSCOND>1).

In Italy and Spain the total cost of the average bank fell at annud rates of 4.3% and 2.1%
repectively. For both countries this has resulted in a ggnificant improvement in productivity
over 1994-2000 (+3.8% in Italy and +2.3% in Spain). However, in Itay business conditions
as awhole reduced costs over dl years (DBUSCOND<1).

As shown in eguation 6 above, cost productivity change can be decomposed into
change best practice and change in inefficiency™. Results from such decomposition can be
summarised as follows. In France, using the best-practice cost function (i.e.,, using the “best”
25% of banks for each year) results suggest that if we consder the whole 1994-00 intervad, an
unfavourable shift in best practice has occurred (-2.7%) and inefficiency has increased only
dightly (+0.5%). In Germany results indicate that inefficiency has decreased dightly, while the
change in best practice was similar to that experienced by the French banking sector (-2.7%).
In Itay, best practice banks digolay a sgnificant improvement (5.8%), whereas efficiency

worsened by 2.1%. Findly, in the Spanish banking sector both efficiency levels and best

5 As Berger and Mester (2001) pointed out, there is no consensus as to the best way to estimate the best
practice frontier. Because of this uncertainty, the decomposition of APROD into AINEFF and ABESTPR
should be considered less accurate than the decomposition of ATOTAL into the impact of changing
business conditions and changes in productivity. We estimate best practice using OL S on the 25% most
efficient banks. Specifically, we used the best 26 banks in each year for France; the best 37 in Germany, 30
inltaly, 32in Spain.
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practice improved by gpproximately 0.5% and 1.9% respectively over the period.

4.3 Productivity Change A Comparison of parametric and non-parametric
approaches
Figure 1 below illugtrates the trends of TFP change and cost productivity between
1994 and 2000.

<Figure 1>

Ovedl, the results of both parametric and non-parametric estimations suggest a clear
productivity growth in the Itdlian and Spanish banking sectors, whereas results are mixed for
French and German banking sectors. As we noted earlier, the strong improvements in the
ltaian and Spanish banking sectors between 1996/7 and 1998/9 may have been a
consequence of the subgtantid domestic consolidation that took place in these banking
systems over this period. It is possible to note that the favourable trend of productivity growth
seem to end towards the end of the decade, when results for dl countries under investigation
converge towards productivity decline, according to the trend highlighted both by the

Mamquist index and the cost parametric gpproach.

<Figure2>

A compaison of the trends of the components of the Mamaquis Totd Factor

Productivity index, technological change (TC) and efficiency change (TEC) and the trends of
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the change in best practice (DBESTPR) and change in inefficiency (DINEFF) for the countries
under study are shown in Figure 2. DBESTPR in the econometric gpproach is analogous to
technologicd change (TC) for the Mamquist estimates (improvement or deterioration of the
best practice firms); and DINEFF in the parametric mode can be compared with technicd
efficiency change (TEC) for the Madmaquist estimates (convergence towards or divergence
from best practice on part of the remaining firms). It isimportant to point out that, dthough the
decomposition of tota productivity change in the two gpproaches attempts to identify the
sources of overal productivity, the different underlying hypothess of the parametric and non-
parametric gpproaches would lead us to expect comparable results only in the overal trend.
As pointed out by Fére et al. (1994), different methodologies could produce smilar results
only in aworld without inefficiency.

It can be seen tha the competing methodologies yidd smilar estimates in
terms of improvements in best practice for Itdian, Spanish and German banks as the trends in
DBESTPR and TC appear to mirror each other. For French banks the decomposition
according to the two methodologies dso identify the same trends for best practice banks
(apart for 1995/96) dthough the variation and level of these changes appears to be more
marked using the parametric decomposition (for example see the 1996/7 and 1999/2000
edimates)’®. In terms of divergence in best practice OINEFF from the parametric model
compared with TEC from the non-parametric decomposition) there appears to be less
congstency in the findings. For ingtance, in the case of Spain the two gpproaches only yield
amilar findings for 1994/5 and 1995/96 — as such it is by no means certain whether there has

been greater divergence from best practice or not in  Spanish banking from 1996 onwards.

18 |n addition, the two approaches also reveal conflicting overall findings for the 1994/2000 period for
France with the parametric approach suggesting a decline in best practice over the study period and the
non-parametric method an improvement.
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Other conflicting results in terms of divergence from best practice are dso found in Germany
(1995/6 and 1998/9), Italy (1994/5 and 1995/6) and in France (1995/6)"".

Overdl, while the magnitude and direction of the productivity decompostion may vary
in certain cases both methodologies generdly tend to identify amilar trends. Both parametric
and non-parametric gpproaches gppear to indicate a decreasing trend in the performance of
best practice banks in al countries under andyss a the end of the 1990s. Furthermore,
despite some differences in the yearly averages of the total productivity components between
the two approaches, overdl they seem to indicate that there has been little catching up effect

on the part of the remaining ingtitutions during the 1990s.

6. Conclusions

This paper examines the productivity change in European banking during the 1990s by
comparing parametric and non-parametric gpproaches. The findings of both parametric and
non-parametric estimations suggest a clear productivity growth in the Itdian and Spanish
banking sectors, whereas results are mixed for the French and German banking sectors. We
tentativey suggest that this productivity growth might have been related to the substantia
consolidation and restructuring that occurred in the Itdian and Spanish banking systems
especidly over the 1996 to 1999 period. On the other hand, in the French and German
banking systems there is little evidence of productivity growth according to the parametric
estimation while non-parametric estimates indicate a smdl average totd factor productivity
(TFP) growth. Both gpproaches however congstently identify those systems that have

benefited most (and least) from productivity change during the 1990's. The results dso suggest

1 Having said this, however, both methodologies reveal that over the whole study period
1994/2000 there has been a general improvement in best practice.
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that (where found) productivity growth has mainly been brought about by improvementsin the
performance of best practice banks and there does not appear to have been ‘catch-up’ by
non best-practice inditutions. Findly, both approaches reved a decreasing trend in the
performance of best practice banks in dl countries under andysis at the end of the 1990s.
Overdl, we find that the competing methodologies do not yidd markedly different results in
terms of identifying the broad trends and sources of productivity growth. Our results concur
with Mukherjee et d’s, (2001) findings for US banking, that is, changesin best practice drive
productivity growth in European banking and this is likdy to have been influenced by
subgtantid  consolidation and restructuring activity particularly in the Itdian and Spanish

systems.
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Table 1

Summary Statistics on Cost, Output Quantities and Input Prices (Pooled Data

1994-00)°
TC Q1 Q2 Q3 P1 P2 P3
FRANCE mean 1543.29 9384.46 12296.59 10868.14 0014  0.060 1577
median 324.30 2280.90 2350.10 799.90 0012  0.049 1.197
min 120.40 158.70 311.50 1350 0.001  0.017 0.186
max 3452710  177569.50  269369.30  289092.90 0.035  0.342 6.449
stdev 4004.54 24300.33 32488.29 33598.06 0.006  0.037 1.159
GERMANY mean 584.92 6018.75 5188.25 1727.24 0011  0.044 0.848
median 270.80 3005.65 1951.10 36370 0011  0.043 0.435
min 110.40 542.40 498.90 010 0002  0.023 0.149
max 15391.70  156541.30  175442.80 6743040 0.018 0101  17.333
stdev 1318.14 12998.40 15752.98 6772.04 0003  0.011 1.448
ITALY mean 683.88 5100.17 4134.75 2639.02 0.019  0.066 0.661
median 225.50 1472.00 1388.50 49360 0.018  0.067 0.564
min 56.90 172.90 182.30 26.00 0008  0.013 0.114
max 7282.90 57032.30 43729.50 7736000 0.032  0.208 7.121
stdev 1222.68 9232.18 7445.60 7680.41 0.004  0.029 0.468
SPAIN mean 387.42 3506.26 2718.57 42972 0016  0.044 0.359
median 189.90 1874.55 1194.30 126.60 0016  0.039 0.284
min 8.70 17.10 24.60 1.00 0001 0012 0.085
max 4680.60 44441.00 31340.30 10834.90 0.189  1.390 2.453
stdev 631.52 5487.90 4650.05 93351 0.009  0.066 0.259
UK® mean 1626.37 16478.88 10741.71 43358.89 0.007  0.056 0.548
median 43.10 587.90 143.90 903650 0.007  0.055 0.498
min 2.90 37.10 3.30 0.00 0003  0.028 0.133
max 26047.60  283738.40  197671.40 18349240 0.018  0.096 2.000
stdev 4434.96 43585.99 33285.81 54950.76  0.003  0.009 0.255

& TC = total costs (€ mil.); Q = total loans (€ mil.); @ = other earning assets (€ mil.); Q = off-balance sheet activities
nominal value (€ mil.); P, = personnel expenses/total assets; P, = interest expenses/total customer deposits; P; = other non-
interest expenses/total fixed assets.
®|n the UK, the sample is 50 banks per year (over the 7-year period: 350 banks) of which 6 banks per year have published
off-balance sheet activities (over the 7-year period: 42).
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Table 2: Malmquist Index Decomposition (Summary of Annual Means)?”

Years Pure Technical Scale Technical | Technological Total
Efficiency Change | Efficiency | Efficiency Change Factor Productivity

(TE) Change Change Change

(SB) (TEC) (TC) (TFP) (Mo)

1994/95 1.046 1.029 1.076 0.903 0972
1995/96 0992 0.946 0938 1.155 1.084

| 1996/97 0976 0.967 0.944 109 1.028
Z | 1997/98 1.005 1.005 1.01 0.989 0.999
| 1998/99 0.965 0.968 0935 1162 1.086
1999/00 1.002 1.028 1.03 0921 0.949
1994/0 0.997 0.99 0.987 1.031 1.018
1994/95 1.014 1.03 1.045 0.919 0.96
1995/96 101 1.016 1.027 1.04 1.068

% 1996/97 1.018 1.001 1.019 1017 1.036
= 1997/98 1.026 1.006 1.033 0.949 0.98
| 1998/99 1016 0.989 1.005 1.067 1073
1999/00 0.991 099 0.982 0.947 093
1994/0 1.013 1.005 1.018 0.988 1.006
1994/95 0.987 0.995 0.982 0.965 0.948
1995/96 0981 1014 0.995 1042 1.037

> | 1996/97 1.012 1013 1.025 1.144 1173
E:I 1997/98 1006 0.981 0987 1211 1195
— | 1998/99 0987 0981 0.968 1.32 1.278
1999/00 0.967 0.987 0954 0.992 0.947
1994/0 0.99 0.995 0.985 1.105 1.089
1994/95 1.034 1.006 104 0.928 0.965
1995/96 1.004 1.005 1.009 1.064 1.074

— | 19%/97 0.988 0.8%4 0.884 1.408 1.244
< | 1997/98 1.005 1.095 11 1.064 1.17
Z 1998/99 0991 1.002 0993 1.226 1217
1999/00 1.009 0.994 1.003 0934 0.937
1994/0 1.005 0.998 1.003 1.092 1.095
1994/95 1.015 1071 1.087 0.878 0.954
1995/96 0.9%4 0.991 0.985 1073 1057
1996/97 0.985 0975 0.961 1.072 1.029

% | 1997/98 1027 1018 1045 0.929 0971
1998/99 0.998 0.966 0.965 1071 1.033
1999/00 1.012 1034 1.046 0972 1017
1994/0 1.005 1.008 1.014 0.996 1.01

#Note: A number <1 indicates decline; a number >1 indicates growth.

PTE x SE=TEC; TEC x TC = TFP.
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Table3 Measured Gross Changes in Cost: Total Change, Productivity
Change, Business Condition Change, Best-Practice Frontier
Change and I nefficiency Change®®

YEARS DTOTAL DPROD DBUSCOND | DBESTPR | DINEFF
1994/95 1.084 1.069 1.014 1.099 0972
1995/96 0941 0.933 1.008 1116 0.836
W 1996/97 1.022 1.019 1.002 0.651 1.566
Z 1997/98 1.057 1071 0.988 1135 0.943
o 1998/99 0.959 0.960 0.999 0.924 1,039
1999/00 1.146 1.158 0.990 1.400 0.827
1994/00 1.032 1.032 1.000 1.027 1.005
1994/95 1.008 1.007 1.001 1.167 0.863
o 1995/96 0.976 0.974 1.002 0.814 1,19
Z 1996/97 1.026 1013 1.012 1173 0.863
< 1997/98 1045 1044 1000 1069 0977
o 1998/99 0.996 0.997 0.999 0.926 1.077
o 1999/00 1.094 1.100 0.995 1.061 1.037
1994/00 1.024 1.022 1.002 1.027 0.995
1994/95 1.070 1076 0.994 1.169 0.920
1995/96 1.005 1.006 0.999 1102 0913
> 1996/97 0.902 0.904 0.997 0.920 0.982
< 1997/98 0.858 0.862 0.99 0.791 1,089
= 1998/99 0813 0.820 0.991 0.742 1.106
1999/00 1.139 1.147 0.993 1.005 1141
1994/00 0.957 0.962 0.995 0.942 1.021
1994/95 1.103 1.099 1.004 1185 0.927
1995/96 0.981 0.981 1.000 1.143 0.858
- 1996/97 0.838 0.838 1.001 0.854 0.981
Z 1997/98 0938 0.935 1.003 0.810 1,155
o) 1998/99 0.863 0.862 1.001 0.899 0.959
1999/00 1195 1191 1.004 1.059 1125
1994/00 0.979 0.977 1.002 0.981 0.995

& A number >1 indicates an adverse shift toward higher costs; a number <1 indicates afavourable shift.
® DBUSCOND=DTOT/DPROD.
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Figure 1: Productivity Changetrends
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Note: For the Mamquist FTP Index, A number <1 indicates decline; a number >1 indicates

growth. For the Cost Productivity estimate, a number >1 indicates an adverse shift toward higher costs; a

number <1 indicates afavourable shift. We would therefore expect mirror trends in the two graphs.
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Figure 2. Decomposition of productivity change
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Note: For the Malmquist FTP Index decomposition [technological change (TC) and efficiency change
(TEC)], a number <1 indicates decline; a number >1 indicates growth. For the Cost Productivity estimate
decomposition [change in best practice (DBESTPR) and change in inefficiency DINEFF)], a number >1
indicates an adverse shift toward higher costs; a number <1 indicates a favourable shift. We would
therefore expect mirror trends in the two graphs.

-31-




