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PROFITS AND PRODUCTIVITY*

1. Background

The objective of this study is to analyze the linkage between business productivity
and business profit. The analysis begins at the theoretical level, continues with a
discussion of the analytical techniques required to implement the analysis, and concludes
with an empirical application. Although the empirical application is to a collection of
independent businesses observed over a number of years, the analysisis equally suitable to
other applications, such as a collection of regiona offices, branches, or profit centers
within a particular business, each observed over a sequence of possibly shorter (e.g.,
quarterly) accounting periods. The techniques can aso be applied to a single business,
provided only that a sufficient number of accounting periods are available to implement
the analysis, or to a sufficiently large collection of businesses in a single accounting period.
In each of these applications the analysis can provide a sort of benchmarking technique, in
which a business or one of its constituent parts benchmarks against the remaining
observations. The great virtue of these techniques, when applied in a benchmarking
exercise, is that they utilize causes of profit change (such as productivity change), rather
than consequences of profit change (such as a change in return on assets). This makes
them amenable for use by management in an effort to improve future performance, which
would then lead to future profit gains. Finally, although we analyze the linkage between
productivity and profit, it is not necessary that profit be the sole objective of the units
being andlyzed. The analysis simply provides a linkage between productivity and the
bottom line.

It is clear that productivity gains have the potential to contribute to an increase in
business profit, but it is equaly clear that other factors (e.g., a more favorable price
structure) can also contribute to an increase in business profit. It is of interest, therefore,
to develop an analytical model of the determinants of business profit change, among them
being productivity change. The development and implementation of such an analytical
framework is the objective of this study.



The linkage between productivity change and profit change has been explored
previously in the business literature (see Genesca and Grifell (1992) for citations).
However none of the previous models of this linkage is entirely convincing. Gold (1973,
1985) and others specify several partial productivity measures (such as total output or
sales revenue per worker). But partia productivity measures can vary in opposite
directions, and so no single partial productivity measure can be unambiguoudly linked to a
business performance measure such as profit. Eilon, Gold and Soesan (1975) and
Ishikawa and Sudit (1981) define productivity with a single, more inclusive, total
productivity measure ("output,” an index of all products, per unit of "input,” an index of
all resources). The advantage of a total productivity measure is that it can be linked
unambiguously to profit. In severa studies business profit change is decomposed into
three sources: a price effect, including changes in resource prices paid and product prices
received; a productivity effect, typically attributed solely to an improvement in technology;
and an activity effect, capturing the effect of changes in the size and, less frequently, the
scope, of the business. Kurosawa (1975), Eldor and Sudit (1981), Chaudry, Burnside and
Eldor (1985), Miller (1984, 1987) and Miller and Rao (1989) each propose variants of this
threeeway decomposition. However the three components of profit change vary from
study to study, because different studies employ different accounting relations. More
significantly, these latter studies suffer from the lack of a firm economic foundation. They
fail to exploit the economic theory of production and, through a duality relationship, the
economic theory of profit. It isour contention that exploiting this relationship enables one
to extend, in a theoreticaly and empiricaly useful way, the profit/productivity
relationships which have been developed to date.

One branch of the economics literature on production and profit is based on a
duality relationship between the structure of production technology and the structure of
maximum profit, the latter also depending on the structure of product and resource prices.
In this framework change in actual profit between two periods is attributed to changes in
product and resource prices (similar to the price effect in the business literature), the
structure of production technology (similar to the activity effect in the business literature),
and to changes in the structure of production technology and changes in operating
efficiency between two periods (smilar to the productivity effect in the business
literature). Diewert (1973) and Lau (1976) provide extensive treatments of this literature.
A second branch of the economics literature focuses on the sources of productivity
change, and so complements the business literature on the profit/productivity relationship.
Recent efforts (e.g., Grifell and Lovell (1995) and Fére et a. (1996)) have been directed
toward a decomposition of the quantity effect (the sum of a productivity effect and an
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activity effect) into components capturing the separate effects of the magnitude and biases
of technical change, the magnitude of efficiency change, and scale economies. They have
not, however, sought to relate these components to profit change. What remains is to
merge the two branches of the economics literature with the business literature. The result
will be a deeper insight into the determinants of business profit change between one
period and the next, one based as much on the economic theory of production as on
business accounting relationships.

It should be apparent from this brief review that the business and economics
literatures, while having different institutional structures, different motivations and
different objectives, have been discussing different aspects of the same problem: how
business profit change can be alocated to its constituent sources. In this study we
continue the tradition of those who have sought to establish a linkage between business
profit change and productivity change. We pull together salient contributions from the
two literatures, and we extend them to develop a new model of the linkage. Our strategy
is to imbed a productivity change decomposition similar to that developed in the
economics literature within the profit/productivity linkage developed in the recent business
literature. The new model highlights the contribution of productivity change and its
components, while at the same time not neglecting the contribution of other determinants
of profit change. Our analysis sheds new light on four aspects of the linkage.

First, we provide a three-stage decomposition of profit change. In the first stage
we decompose profit change into a price effect and a quantity effect. In the second stage
we decompose the quantity effect into a productivity effect. The combination of these
two decompositions is in the spirit of the relevant business literature developed by
Kurosawa (1975) and Eldor and Sudit (1981). In the third stage we extend the previous
business literature by exploiting both branches of the economics literature on production
and profit. This enables us to decompose the productivity effect into a technical change
effect and an operating efficiency effect. Eilon (1985) properly stressed the impact of the
efficiency of resource use on business performance, and although the contribution of
efficiency has been largely ignored in the subsequent literature, it plays a key role in our
decomposition of profit change. We also decompose the activity effect into a product mix
effect, aresource mix effect, and a scale effect. These six components of profit change are
mutually exclusive and exhaustive. Second, we achieve this three-stage decomposition
without imposing restrictive assumptions on the behavioral objective of the business or on
the environment in which it operates. We do not assume profit maximizing behavior, we
do alow the business to set some or all of its prices, we do not require that the business
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operate efficiently, and we do allow the business to produce a variety of products. Third,

we provide computationa guidance for implementing the three-stage profit
decomposition. The computational technique consists of a sequence of linear programs.
These programs modify and extend a technique known as data envelopment analysis
(DEA), which is widely used in the management science and economics literatures to
anayze business performance. Fourth and finadly, we believe that the ex ante

determinants of business profit change we identify are better suited to a useful
benchmarking exercise than are the more frequently usedex post financia ratios, primarily
because they are forward-looking rather than backward-lookihg.

The study is organized as follows. In Section 2 we develop our analytica
framework for the decomposition of business profit change. The decomposition involves
unobserved as well as observed quantities of the products a business produces and the
resources it consumes in their production, and so in Section 3 we show how to express all
unobserved quantities as scalar multiples of observed quantities. We employ distance
functions widely used in production economics to provide a theoretical expression for
these scalar multiples, and we show how to calculate these distance functions empirically.
In Section 4 we illustrate the working of our analytical decomposition with an empirical
application to the recent performance of Spanish banking. We measure profit change
among a sample of Spanish commercial banks during the period 1987-1994, and we obtain
for each bank an empirical decomposition of its measured profit change into six
determinants, for each pair of adjacent years and through the entire period. Section 5
contains a summary and our conclusions.

2. The Analytical Framework
2.1 The Production Technology

We consider a business using N resources represented by the nonnegative input
guantity vector X = (X,...,Xn) t0 produce M products represented by the nonnegative
output quantity vector y = (y,...,yu). The business pays resource prices represented by
the strictly positive input price vector w = (w,...,w,), and receives product prices
represented by the strictly positive output price vector p = (Q,...,pu). These prices may be
exogenously determined by the forces of market competition, or by a regulatory agency,
or they may be endogenoudly determined by the businessitself. Business profit in period t,
pl, is defined as the difference between total revenue and total cost, and sopt = p” y' - w'
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“x = Sipityit - Sjwjtxjt, t = 1,...T. We are interested in identifying the determinants of
the change in profit from one period to the next, pt*1 - pt), which can be positive, zero
or negative. We require that the determinants satisfy two criteria: (i) their selection must
be grounded in the economic theory of production; and (ii) they must be observable in
conventional data sources, such as business financial statements.

We begin with a presentation of some basic concepts from production economics,
which provide the necessary grounding for our decomposition. The concepts to be
developed in equations (1) - (7) below represent afairly conventional way of modeling the
structure of production technology, and of describing the efficiency of observed resource
use and observed output provision in light of the constraints imposed on managerid
choice by the structure of production technology.

The production set in period t is the set of output quantity vectors and input
guantity vectors that is feasible with technology in place in period t, and so

St={ ¢t xH: ytisproducible with &, t=1,..,T. (1)

An output set is the set of al output quantity vectors which are producible with a given
input quantity vector and with the technology in place in period t, and is defined in terms
of $as

pt(xt) = {yt (yt,xt)T St}, t=1,..T. (2)

Output sets are assumed to be closed, bounded, convex, and to satisfy strong disposability
of outputs[y'T P(x) =>y''T P(x"), 0£y"£V]. The outer boundary of an output set is
its output isoquant

IsogPi(xt) = {yt: ytT Pt T ytT Py, 1 > 13, t=1,...T. (3



The output sets PL(xt) [P+ 1(xt+1)] are within-period output sets containing the set
of output quantity vectors which could be produced by an input quantity vector with
technology prevailing in that same period. We also make use of the mixed-period output
sets Pt+1(xt), which contains the hypothetical but analytically useful set of output quantity
vectors which input quantity vector X could have produced with the help of technology
prevailing in the subsequent period t+1; and F(xt*1), which contains the equally
hypothetical and equally useful set of output quantity vectors which input quantity vector
xt+1 could have produced had it been forced to use technology prevailing in the previous
period t. Mixed-period output isoquants IsogP™'(x") and IsogP(x'*") are the outer
boundaries of these mixed-period output sets, and are interpreted similarly.

An output quantity vector Yt must belong to its contemporaneous output set F(xt),
but it need not be located on its outer boundary 1sogP(x!). We need a measure of the
distance from an output quantity vector yt to IsogPl(xt). Shephard’s (1970) output
distance function, which isthe Debreu (1951) - Farrell (1957) output-oriented measure of
operating efficiency, provides a radial measure of this distance. A within-period output
distance function is defined in terms of a within-period output set as

Dol(xt,y) = min{a: Wal P{(xi)}. (4)

Dol(xty!) £ 1 because yt T Pi(x!), and Dol(xtyl) = 1 <=> yt T IsogPt(xt). Thus
Dol(xtyl) = 1 signals that Xt is producing maximum feasible output with technology
prevailing in period t, and Dol(xty!) < 1 suggests that x' is producing only
[100xDot(xt,y!)]% of maximum feasible output with technology prevailing in period t.
Finally, Dot(xt,y!) is homogeneous of degree +1 in i, so that Dol(xt,l yt) = | Dol(xtyY), |
>0. Mixed-period output distance functions Dott1(xtyl) and Dof(xt*1yt*1l) are
obtained by replacing F(xt) with Pt+1(xt), and by replacing F(xt) with Pi(xt+1),
respectively, and they are interpreted in a Smilar manner. However since quantity data
from one period may not be feasible with technology prevailing in another period, it
follows that Dot*1(xt,yt) 2 1 and Dot(xt*Lyt*1) 2 1.

1A

Although our orientation is one of maximizing the production of outputs from given
inputs and with given technology, we shall also have occasion to adopt the opposite
orientation of minimizing input use in the production of given outputs with given
technology. This requires the introduction of input sets, input isoquants and input
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distance functions. An input set is the set of all input quantity vectors capable of
producing a given output quantity vector with technology prevailing at the time, and it is
defined in terms of Sby means of

Lty =t oty T s, t=1,..T. (5)

Input sets are assumed to be closed, bounded, convex and to satisfy strong disposability of
inputs[xX' T L'(y") =>x"'T L'(y"), x''3 x]. Theinner boundary of the input set is itsinput
isoquant

IsogLt(yl) = {xt: xtT Ltyb), IxtT Ltyh), 1 <1}, t=1,.T. (6)

Mixed-period input sets Lt+1(yt) and Li(yt+1), and mixed-period input isoquants
IsogLt+1(yt) and IsogLi(yt*1), are defined exactly as mixed-period output sets and
mixed-period output isoquants are. Finally, although an input quantity vector % must
belong to its contemporaneous input set LY(yt), it need not necessarily belong to its inner
boundary IsoqLt(yt). The Malmquist (1953) - Shephard (1953) input distance function,
which is the reciprocal of the Debreu - Farrell input-oriented measure of operating
efficiency, provides a radial measure of the distance from an input quantity vector to an
input isoquant. It is defined by

Dit(ytxt) = max{q: xtql Li(yh}. (7)

Dil(ytxt) 2 1 since xt T LY(yY), and Dit(ytxt) = 1 <=> xt T IsoqLi(yl). Also, input
distance functions are homogeneous of degree +1 in inputs, and so Qi(yt| xt) = |
Dit(yt.xt), I > 0. Mixed-period input distance functions Ot*1(yt,xt) and Djt(yt*1 xt+1)
are defined in the same manner as mixed-period output distance functions are, and
Dit+ 1yt xt) % 1 and Dif(ytt1xt+1) % 1.



2.2 The Profit Change Decomposition

We are now prepared to decompose business profit change between periods t and
t+1. Our strategy isto proceed in three stages. In the first stage we decompose the profit
change resulting from a movement from (,yt) to (xt+1,yt+1) into a pure quantity effect
which holds prices constant, and a pure price effect which holds quantities constant. This
decomposition appears in Proposition 1, and is similar to decompositions previously
obtained by Kurosawa (1975) and illustrated by Eldor and Sudit (1981). In the second
stage we decompose the quantity effect into its two basic components. a productivity
effect and an activity effect. This decomposition appears in Proposition 2, and is
illustrated in Figure 1. It is similar to decompositions previously obtained by Kurosawa
(2975) and Miller (1984, 1987). In the third stage we decompose the productivity effect
into its two components. a technical change effect and an operating efficiency effect. We
also decompose the activity effect into its three components: a product mix effect, a
resource mix effect, and a scale effect. We decompose the productivity effect in
Proposition 3, and we decompose the activity effect in Proposition 4. Both third stage
decompositions are illustrated in Figures 1 - 3. The third stage decompositions appear to
have no precedent in the business literature, although they do have precedents in the
economics literature.

Proposition 1: Theprofit changebetween period t and period t+1 decomposes as

[pt+l_ pt] =
[y -y) P - (X - x) " w] quantity effect
+[(P™-p) Yy W - w) X price effect

The quantity effect shows the impact on profit of an expansion or contraction of
the business, holding prices fixed. The quantity effect uses base period prices to weight
the quantity changes, and so it can be interpreted as the difference between a Laspeyres
type of output quantity index and a Laspeyres type of input quantity index, both being
expressed in difference form rather than in the conventional ratio form. The price effect
shows the impact on profit of changes in the price structure of the business, holding
guantities fixed. The price effect uses comparison period quantities to weight the price
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changes, and so it can be interpreted as the difference between a Paasche type of output
price index and a Paasche type of input price index, both being expressed in difference
form rather than in ratio form.

The following three propositions show how the quantity effect decomposes into a
total of five determinants of profit change. All five determinants use base period prices to
weight quantity changes, and so al five determinants are Laspeyres type quantity indexes,
or differences between L aspeyres type quantity indexes.

Proposition 2 Thequantity effectbetween period t and period t+1 decomposes as
[(yt+1 _ yt)/ pt _ (Xt+l _ Xt)r Wt] =
(Y (vB - yb) - (Y (yC - y*D)] productivity effect

+ () (yC - yB) - (wh)” (xt*1 - xty] activity effect

Figure 1 provides a partial illustration of the decomposition of the quantity effect,
partial because it is assumed that M=N=1. In period t ({yt) T St, and in period t+1
(xtHlyt+ly | s+l gSince S 1 ™ technical progress has occurred between periods t
and t+1, although this assumption is unnecessary for the analysis. The path from (ky!) to
(xt+1 yt*+1) can be decomposed into three components, each of which exerts an influence
on profit change, with magnitude and direction depending on prevailing prices and how
they change from the base period to the comparison peri8d.

The productivity effect compares the path from y? to y'in period t with the path
from y© to y"* in period t+1. Part of the productivity effect is measured along the path
from yB to yA in period t, representing the additional output which can be produced with
no increase in input usage as a result of an improvement in technology, which expands the
production set from S to S**. Thus technical progress necessarily contributes positively
to profit change (and technical regress would contribute negatively to profit change). The
remainder of the productivity effect is measured along the paths from y to yt in period t,
and from yC to yt*1 in period t+1. These two paths represent a pair of deductions from
productivity, due to a failure to produce maximum output in period t, and a failure to
produce maximum output in period t+1. If operating efficiency improves during the
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period (i.e., if (yC - ytt1) < (yA - yb)), then efficiency gains contribute positively to profit
change. If operating efficiency declines during the period, then deteriorating efficiency
detracts from productivity changé.

The activity effect is typically concelved as reflecting the consequence of changesin
the scale and scope of the organization. Changes in scale are adequately characterized in
Figure 1; changes in scope are not, and are discussed in Proposition 4. With this
qualification in mind, the activity effect is measured along the path from P to yC, and
represents the change in output (yC - yB) generated by the change in resource usage (X*1
- x1). It appears that if output production increases proportionately more (less) than
resource usage does, then scale economies (diseconomies) cause the activity effect to
contribute positively (negatively) to profit change. However there is more to the activity
effect than just economies or diseconomies of scale, since the scope dimension of the
activity effect has yet to be introduced. Moreover, both the output change and the input
change are weighted by base period prices, and so the price structure matters as well.

Notice that the decomposition of the quantity effect involves unobserved as well as
observed quantity data.  Although ({yt) and (xtt1yt*1) are observed, the output
quantity vectors yB and yC are not observed. Consequently in order to render this
decomposition procedure empirically useful, it is necessary to be able to recover the
unobserved output quantity vectors from the observed quantity data. We will consider
this problem after we present the third stage decompositions, which introduce additional
unobserved quantity vectors, and to which we now turn.

Proposition 3 Theproductivity effectbetween period t and period t+1 decomposes as
(P (B -y - (oY) (v© -yt =
[(pY)” (YB - yA)] technical change effect
-[Y) (C- YD) - (Y (yA -yh]  operating efficiency effect
The decomposition of the productivity effect is adequately illustrated in Figure 1.

Both the technical change effect and the operating efficiency effect influence the revenue
side of profit change. The technical change effect is measured as the increase in output
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quantity (yB - yA) allowed by the improvement in technology, the output quantity increase
being evaluated at base period output prices’ The operating efficiency effect is measured
as the difference between comparison period productive inefficiency ()P - yt*1), and base

period productive inefficiency (Y™ - yt), both evaluated at base period output prices® The

decomposition of the productivity effect is also illustrated in Figure 2, which provides a
different partial illustration, partial in this case because the input quantity vector is fixed,
either at xt or at xt*1. In Figure 2, which alows M=2, the technical change effect is
measured as the equiproportionate increase in output quantites (B - yA) allowed by the
improvement in technology [A*1(xt) E P(x!)], evaluated at base period output prices.

The operating efficiency effect is measured as the difference between comparison period
productive inefficiency (yC - yt*1) and base period productive inefficiency (Y™ - yt), both

evaluated at base period output prices

Proposition 4: Theactivity effectfrom period t to period t+1 decomposes as

[(pY)" (yC - yB) - (wh) (xt+1-xb)] =

[(pY" (vC - yD)] product mix effect
- [(wh) (xt+1- xE)] resource mix effect
+ [P (yP - yB) - (wl)” (xE - xb)] scale effect

The decomposition of the activity effect is not adequately illustrated in Figure 1, as
we noted above. There the movement from yB to yC comingles the scale effect with the
product mix effect, and the corresponding movement from x to x*t comingles the scale
effect with the resource mix effect. The scale and product mix effects are disentangled in
Figure 2, which provides a third partia illustration, partial because the input quantity
vector is fixed, either at Xt or at xt*1. In Figure 2, which allows M=2, the output side of
the scale effect holds the product mix fixed along the path from yB to yD, using base
period output prices to evaluate the adjustment, as input use increases from % to xt*+1.
The product mix effect is measured along the path from \P to yC, using base period
output prices to evaluate the adjustment. The sum of the scale effect and the product mix
effect produces a movement from yB to yC, which corresponds to the output side of the
activity effect introduced in Proposition 2 and illustrated in Figure 1.
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The final component of the activity effect, the input mix effect, is illustrated in
Figure 3, which provides a third partial illustration, partial because the output quantity
vector is fixed, either at y or at yi+1. In Figure 3, which allows N=2, the input side of the
scale effect holds the resource mix fixed along the path from X to XF, us ng base period
input prices to evaluate the adjustment. The resource mix effect is measured along the
path from xF to x™**, also using base period input prices to evaluate the adjustment. The
sum of the scale effect and the resource mix effect produces a movement from X to x™,
which corresponds to the input side of the activity effect introduced in Proposition 2 and

illustrated in Figure 1°2

The product mix effect and the input mix effect can be due to any number of factors.
Perhaps the most significant factor is the ability of a business to react to product price
changes by adjusting its product mix, and to react to resource price changes by adjusting
its resource mix. The ability to substitute toward products whose prices are rising and
resources whose prices are faling, and away from products whose prices are falling and
resources whose prices are rising, contributes to profit gain through the product mix effect
and the resource mix effect. Thus the two mix effects capture the substitution possibilities
permitted by the structure of production technology, as well as the ability of management
to exploit these possibilities. A second factor is a changing regulatory environment which
allows business more or less freedom to optimize its product and resource mixes. This
factor is particularly significant in the empirical example we use to illustrate our profit
decomposition. A third factor is an consequence of the way we have measured technical
change and scale economies. Both the technical change effect and the scale effect involve
eguiproportionate changes in variables, as Figures 2 and 3 make clear. If technical change
is not neutral with respect to outputs, any unmeasured bias shows up in the product mix
effect. If technical change is not neutral with respect to resources (for example, if it is
labor-saving), any unmeasured bias shows up in the resource mix effect. Similarly, if
efficient expansion or contraction of the business involves nonproportionate expansion or
contraction of outputs of inputs, the disproportionate features of scale economies shows
up in the product mix effect and the resource mix efféct.

The intent of Propositions 1-4 and Figures 1-3 is to demonstrate that even in the
multiple input, multiple output case, it is in principle possible to decompose the profit
change resulting from a producer's movement from (yt) to (xt*1yt*1) into several
sources. The first source is an improvement or a deterioration in the price structure of the
business, which may have both external and internal causes. A second source is an
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increase in output not requiring any increase in resource use, due to technical change. A
third source is an improvement or a deterioration in operating efficiency. These two
sources make up the productivity effect. A fourth source is a change in output that can
be proportionately greater than or less than the change in input, due to the presence of
economies or diseconomies of scale which characterize the production technology. A fifth
source is a change in the product mix, and a sixth is a change in the resource mix. The
product mix effect and the resource mix effect encompass a number of phenomena, as we
noted above. The last three sources comprise the activity effect. The six sources are
mutually exclusive and exhaustive sources of profit change between period t and period
t+1.

3. Implementing the Profit Decomposition

The price effect in Proposition 1 is expressed in terms of observed base period and
comparison period price vectors, and observed comparison period quantity vectors. The
technical change effect in Proposition 3 is expressed in terms of an observed base period
output price vector and two unobserved output quantity vectors Y and yA. The
operating efficiency effect in Proposition 3 is expressed in terms of an observed base
period output price vector, observed base period and comparison output quantity vectors,
and two unobserved output quantity vectors YA and yC. The scale effect in Proposition 4
is expressed in terms of observed base period output and input price vectors, the observed
base period input quantity vector, andtwo unobserved output quantity vectors yB and yP
and an unobserved input quantity vector XE. The product mix effect in Proposition 4 is
expressed in terms of an observed base period output price vector and two unobserved
output quantity vectors yC and yD. Finally, the resource mix effect in Proposition 4 is
expressed in terms of an observed base period input price vector, an observed comparison
period input quantity vector, and an unobserved input quantity vector E. It is necessary
to recover the unobserved quantity vectors (yA,yB yCyD xE) in order to make the profit
change decomposition analysis empirically useful. We now show how to recover each of
these unobserved quantity vectors from the observed quantity vectors (ty!) and
(xt+1yt+1) Our strategy should be apparent from an inspection of Figures 2 and 3,
where it is clear that each unobserved quantity vector appears as either a radial expansion
or aradia contraction of an observed quantity vector. The distance functions introduced
in equations (4) and (7), being radial distance measures, provide the tools with which to
recover the unobserved quantity vectors.
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Proposition 5: The unobserved quantity vectors (YA,yB, yCyD xE) can be recovered
from the observed quantity vectors fxyt) and (¢*1,yt*1) by means of

(i) yA = yiDot(xtyh);

(i) yB = yiDot+1(xtyh);

(iii) yC - yt+1/D0t+1(xt+1,yt+1);
(iv) yP = YD+ (xt*Lyby;

(V) xE = Xt/Dit"'1((yt/D0t+1(xt+1,yt),Xt)).

Substituting the equalities in Proposition 5 into the six components of profit change
identified in Propositions 2 - 4 enables one to recover each of the unobserved quantity
vectors, and thus to conduct an empirical analysis of the sources of profit change from one
period to the next. Even though the profit change decomposition involves five
unobserved quantity vectors, it can nonetheless be undertaken. The key element in the
decomposition is the distance functions. Since these distance functions must be calculated
from observed data, we now show how to calculate them. All that isrequired isinput and
output quantity data for a sample of producers over a period of time. Price data are not
required to obtain the unobserved quantity vectors; price data are used in the price effect,
and as weights in each of the five quantity effects.

Proposition 5 provides the theoretical foundation required to recover the
unobserved quantity vectors (YA,yB, yCyD xE) from the observed quantity vectors (X,
yt, xt+1 yt+1) The distance functions employed in Proposition 5 can be calculated
empirically using a linear programming technique which provides a modification of data
envelopment analysis (DEA). Originally developed by Charnes, Cooper and Rhodes
(1978, 1981) and by Banker, Charnes and Cooper (1984), DEA is a widely used
operations research technique for measuring business performance. Although DEA was
originally intended for use in public sector and other not-for-profit environments, it is
ideally suited to the problem at hand. Nonetheless, we believe this is the first application
of DEA to the problem of decomposing profit change.
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In conventional DEA period t technology is constructed from input and output
guantity data describing the operations of all producers in period t. In this approach
technologies in place in previous periods are “forgotten” in period t, since period t
technology is constructed from period t activities only. Our modification of DEA alows
period t technology to be constructed from input and output quantity data of all producers
in all periods prior to and including period t. In our modified approach, technologies in
place in previous periods are “remembered,” and remain available for adoption in the
current period. This modification influences the way we set up the linear programming
problems™

Let Yt = [y1S... y®...yIS be an M" Siil, matrix of M outputs produced by I
producers in periods s = 1,...,t, and let Xt = [x1S ... x*,... xS be an N S{_.ls matrix of N
inputs used by I producers in periods s = 1,...,t. Thus the data matrices Y and X' are
“sequential,” since they include output and input quantity data for all producers from the
beginning of the sample through the current period. Also let (Wt xOl) be the
“contemporaneous’ M” 1 output quantity vector and the N" 1 input quantity vector of the
producer whose period t profit change is being decomposed. Then the five unobserved
quantity vectors (yA,yB,yC,yP xE) can be recovered for each producer by solving each of
the following linear programming problems k times, once for each producer in the sample
in period t.

Unobserved output quantity vector §2 can be recovered from the solution to the
linear programming problem

[Dot(xOLyot]-1 = maxq® (8)
subject to
qyot £ vtyt
xt|t g xot

Its3 o

Silit =1, i=1,..,Suls

wherel tisaStl¢ 1 activity vector. From Proposition 5 (i),%) = gy
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Unobserved output quantity vector y°B can be recovered from the solution to the
linear programming problem

[Dot*3(x0tyoh-L = maxq®

subject to

(9)

ooyot £ yt+lt+l
xt+1l|t+1 £ yot

| t+1 3 0

Silit*l =1,  i=1,..,S%le,

wherel "tisaSdile 1 activity vector. From Proposition 5 (ii).% = g%y

Unobserved output quantity vector yOC can be recovered from the solution to the
linear programming problem

[Dot"'l(XOt"'l,yOt"'l)]'l = maxqc (10)

subject to
qCyottl £ yt+l) t+l
xt+1|t+1 g yot+1

| t+1 3 0

Silit*l =1,  i=1,..,S%le,

wherel " isaSdile 1 activity vector. From Proposition 5 (iii) % = ¢°y**".

Unobserved output quantity vector YD can be recovered from the solution to the
linear programming problem
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[Dot"'l(XOt"'l,yOt)]'l = manD (11)
subject to
q°yot £ yt+lt+l
xt+1l | t+1 g yot+l

| t+1 3 0

Silittl =1,  i=1,...,Skle,

t+1 .

wherel "tisaSdil 1 activity vector. From Proposition 5 (iv).%) = g®°y™.

Finally, unobserved input quantity vector OE can be recovered by inserting the
solution to the linear programming problem (11) into the solution to the linear
programming problem

[Dit*1(y Ot xO0]-1 = minf* (12)
subject to
yot £ yt+l)t+1
xt+1lt+1 g §Eyot

| t+1 3 0

Slit+tl = 1, i=1, ... Sdale,

where| "' isa Siyle.y” 1 activity vector, yOt = yot / DH1(x**1y®) and Yt+1 = [y, t+1
- Y1+1]. From Proposition 5 (v), €= f °*.

To summarize, recovery of the five unobserved quantity vectors requires the
solution of a series of five linear progranming problems for each producer. For any

reasonable number of producers and time periods, and for any reasonable number of
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inputs and outputs, this task can easily be handled on any persona computer. Once the
five unobserved quantity vectors have been recovered, empirical implementation of the
profit decomposition presented in Propositions 1 - 4 is straightforward.

4. An Application to Spanish Banking

In this Section we report results of an empirical investigation into the sources of
profit change within the Spanish commercial bank sector during the period 1987 - 1994.
Annual data for commercial banks are reported in Anuario Estadistico de la Banca
Espafiola. The commercial bank sample consists of roughly two-thirds of all commercial
banks in existence during the period 1987-1994. However the sample does contain 92%
of all commercia bank assets in 1993, so the missing banks are very small. The sample
Size varies from 59 in 1987 to a high of 61 in 1990 and a low of 56 in 1993. A detailed
discussion of the data describing the recent history of Spanish banking is available in
Grifell and Torrent (1995)!

Annual profit consists of operating profit, or profit from intermediation activities,
and is defined as gross profit less gains and losses from trading in stocks and public debt
instruments, and less extraordinary profit. Extraordinary profit typically comes from sales
of fixed assets, but during the 1987-1990 period extraordinary losses also arose from the
legally mandated establishment of employee pension plans. On balance, operating profit
has accounted for 76% of gross profit among the banks in our sample.

Well over 90% of revenue consists of net loan and investment income, defined as
gross loan and investment income less provision for bad debt. We decompose this income
into quantity and price components by specifying the quantity component as the average
of the beginning-of-period and the end-of-period value of al loans and investments, and by
specifying the price component as the ratio of net loan and investment income to the
average value of al loans and investments. Thus V' is expressed in pesetas, and p,' is
expressed as a per cent.

The remaining source of revenue consists of net commission income, the difference
between commission income generated and commission expenses incurred. On the
assumption that net commission income is a function of the number of deposit accounts,
we proxy the quantity component of net commission income by the average of the
beginning-of-period and end-of-period number of deposit accounts. The price component
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is then the ratio of net commission income to the average number of deposit accounts.
Thus ' is expressed as a pure number, and,bis expressed in pesetas.

Approximately two-thirds of cost is financial expense, consisting of interest paid
on deposit accounts and other liabilities. The quantity component of financial expense is
defined as the average of the beginning-of-period and end-of-period value of al deposits
and other liabilities which generate financial expense. The price component is the ratio of
financial expense to the average value of all deposits and other liabilities. Thus X' is
expressed in pesetas, and w is expressed as a per cent.

Labor expense accounts for approximately 20% of cost. The quantity component
of labor expense is defined as the average of the beginning-of-period and end-of-period
number of employees. The price component is the ratio of labor expense to the average
number of employees. Thus X' is expressed as a pure number, and w,' is expressed in
pesetas.

The remaining source of cost is non-financial, ron-labor expense, consisting of
non-labor operating expense, direct expenditure on buildings, and amortization expense.
The quantity component of this expense category is proxied by the average of the
beginning-of-period and end-of-period value of all fixed assets. The price component is
calculated as the ratio of non-financial, non-labor expense to the average value of all fixed
assets. Thus ' is expressed in pesetas, and w as a per cent.

Summary statistics for all variables are collected in Tdle 1. Average operating
profit doubled from 1987 to 1990, and declined dramatically thereafter, despite the fact
that margins (p - wi) remained above 4% until 1991.

Results of implementing the profit change decomposition are summarized in Tables
2 - 4. Table 2 provides a summary of the initial decomposition of profit change into a
productivity effect, an activity effect, and a price effect, averaged over the number of
banks indicated in the final column® Bank profit increased during the first three years of
the sample, declined during the next three years, and increased again in 1994. Over the
entire period, profit increased by an average of 2.4% per year. The productivity effect
made a positive contribution on average, and in six of seven years. The activity effect
made a larger positive contribution on average, and in al seven years. However these two
positive contributions to profit change were nearly offset by the price effect, which was
large and negative, on average and in six of seven years.
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The sources of the negative price effect are indicated in Table 1. Although returns
on loans and other financial investments held fairly steady through 1993, and commission
income increased throughout the period, deposit rates increased through 1991 and prices
of the remaining resources increased more than proportionately. Gradual deregulation of
the Spanish banking system and the consequent increase in competition took its toll on the
price structure and the profitability of commercial banks.

We now turn to an analysis of the productivity effect, the decomposition of which
appears in Table 3. The technical change component was large and positive on average,
and was positive in every year. We attribute a positive technical change component to an
improvement in the productivity of the best practice banks. Perhaps because their price
structure was deteriorating, banks responded by increasing service provision more rapidly
than they increased resource usage. The operating efficiency component was very small
and negative on average, and was negative in al seven years. We attribute a negative
operating efficiency component to a failure of the remaining banks to keep pace with the
improved performance of best practice banks.

A decomposition of the activity effect appears in Table 4. The large positive
activity effect is primarily attributable to a very large product mix effect, which was
positive on average, and was positive in every year. The favorable product mix effect is
attributable to a doubling of loans and other financial investments, the return to which held
steady through 1993, and also to a decline in deposits which was proportionately smaller
than the rapid increase in deposit rates. A large positive scale effect aso contributed to
the positive activity effect, although as we pointed out in note 8 a positive scale effect is
not necessarily evidence of increasing returns to scale. Indeed Grifell and Lovell (1996)
have found a wide range of service provision over which Spanish commercia banks
experience roughly constant returns to scale. The resource mix effect was large and
negative on average, and was negative in al seven years. The source of the large negative
resource mix effect is apparent from Table 1; deposits and other liabilities nearly doubled
as their price increased through 1993, and the value of fixed assets more than doubled as
their price increased throughout the period.

The profit decline anong Spanish commercial banks during the period was thus the
consequence of a number of factors, three positive and three negative. The positive
contributions came from an improvement in the performance of best practice banks (the
technical change effect), a continuing emphasis on loans and other financial investments
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having high and relatively stable rates of return (the product mix effect), and a general
expansion in average bank size, which either exploited scale economies or at least was not
offset by diseconomies of scale (the scale effect). However these positive contributions to
profit change were nearly offset by the negative contributions of a deterioration in the
banks price structure brought on by deregulation (the price effect), a falure of the
remaining banks to keep pace with the improving performance of the best practice banks
(the operating efficiency effect), and a rapid growth in deposits and other liabilities and in
fixed assets (the resource mix effect).

5. Summary and Conclusions

Business profit changes from year to year, increasing in some yeas and declining
in others. The business and economics literatures have adopted somewhat different
approaches to an analysis of the sources of profit change, although we have found
evidence of both considerable overlap and substantial divergence. This has motivated us
to develop a three stage decomposition of profit change which draws from, and extends,
both literatures. In theinitial stage profit change is decomposed into a quantity effect and
a price effect, as expressed in Proposition 1. In the second stage the quantity effect is
decomposed into a productivity effect and an activity effect, as expressed in Proposition 2.
The first two stages are broadly consistent with some decompositions appearing in the
business literature. In the third stage the productivity effect is further decomposed into a
technical change effect and an operating efficiency effect, and the activity effect is further
decomposed into a product mix effect, a resource mix effect, and a scale effect. The third
stage is broadly consistent with the traditional focus in the economics literature on
technical change, efficiency change, and the structure of technology as characterized by
the nature of scale and scope economies. The third stage decompositions obtained in
Propositions 3 and 4 appear to be new, however.

The profit decompositions we have derived are based on observed prices, but they
are based on both observed and unobserved quantities, of the resources the business
employs and the services it provides. This makes it necessary to obtain expressions for the
unobserved quantities in terms of observed quantities. This we achieve in Proposition 5,
in which the distance functions introduced in equations (4) and (7) are used to express
unobserved quantities as radial expansions or contractions of observed quantities. Once
these relationships have been analytically derived, we show in equations (8) - (12) how to
use linear programming techniques to empirically calculate the requisite distance functions,
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and hence to obtain solutions for the five unobserved quantities. This enables us to obtain
the desired profit decomposition.

We have illustrated the profit decompositions using data describing the operations
of a sample of Spanish commercial banks. The data cover a difficult period of adjustment
to a changing regulatory environment in which competition was increasing. The raw data
show a dlight improvement in profitability among commercia banks during the sample
period, despite two very difficult years in 1992 and 1993. We have attributed the
observed profit change to six effects, three positive and three negative. When the various
effects are grouped into endogenous and exogenous influences, the picture brightens
somewhat. The combined productivity and activity effect, which arguably reflects factors
largely under the control of bank management, made a positive contribution to profit
change in al seven years. However the price effect, which presumably captures the
impact of macroeconomic and other influences beyond the control of bank management,
made a negative contribution to profit change in the first six years. The negative price
effect amost offset the positive combined productivity and activity effect during the entire
sample period, and swamped it during the 1991-1993 subperiod.
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Footnotes

* We are grateful to “Fundacion Fondo parala Investigacion Econdmicay Socid” (FIES)
for generous financial support, to Carmen Matutes and J. L. Raymond for helpful
discussions concerning the data and our findings, and to Hugo Fuentes for his computer
support.

1. Our distinction between ex post financia ratios and ex ante operational determinants of
profit change is reminiscent of the “balanced scorecard” approach of Kaplan and Norton
(1992).

2. Alternatively, it is possible to decompose profit change using Paasche types of quantity
indexes and Laspeyres types of price indexes. It is also possible to use arithmetic means
of the base period and comparison period weights, which would produce Fisher types of
guantity and price indexes, expressed in difference form rather than ratio form. We
employ Laspeyres types of quantity indexes and Paasche types of price indexes because
these are consistent with the approach adopted in much of the business literature on profit
change decomposition.

3. In Figure 1, the path from (y,x") to (y"*x"*%) goes through y*, y® and y°. This path
measures the technical change effect at X, and measures the activity effect along period
t+1 technology. It is also possible to create a path from (¥,x) to (y***x"*") which goes
through y*, y* and y°. This path measures the technical change effect at X, and
measures the activity effect along period t technology. Details of the aternative

decomposition are provided in the Appendix.

4. The productivity effect in Proposition 2 corresponds to an output-oriented period t+1
Mamaquist (1953) productivity index. Our productivity effect is positive, zero or negative
according as the period t+1 Malmquist productivity index indicates productivity growth,
stagnation or decline. The productivity effect in Appendix Proposition A1 corresponds to
an output-oriented period t Malmquist productivity index. See Farsund (1990) for details
on Malmaquist productivity indexes.
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5. A Mamquist productivity index decomposes into a technical change component and an
efficiency change component. Our technical change effect is isomorphic to the magnitude
index of technica change DT(x'y") of Fére et a. (1996). That is, our technical change

index is positive, zero or negative according asDT(x'y) = 1. Consequently technical

NIV

progress (regress) contributes positively (negatively) to productivity change, and hence
contributes positively (negatively) to profit change.

6. Our operating efficiency effect is isomorphic to the technical efficiency change index
DTE(X'y' x"*y™") of Fére et a. (1996). That is, our operating efficiency effect is positive,

>
zero or negative according as DTE(X'y' x"'y"") = 1. Consequently an improvement

<
(decline) in operating efficiency contributes positively (negatively) to productivity change,
and hence contributes positively (negatively) to profit change.

7. Our product mix effect is isomorphic to the output bias index OB(Yx"'y"™") of
technical change proposed by Fare et al. (1996). That is, our product mix effect is

positive, zero or negative according as OB(Y,x"**,y"*") 2 1. The only difference between
<

the two concepts is one of interpretation. Féare et al. interpret thelr index as a
characteristic of technical change, while we interpret our effect more liberally, allowing
biased technical change to be one of several potential components of the product mix
effect. Similar remarks apply to the relationship between our resource mix effect and their
input bias index.

8. Our scale effect is related to, but is not isomorphic to, the the notion of returns to scale
in production. This is because our scale effect is not positive, zero or negative according
returns to scale are increasing, constant or decreasing. This is easily seen by assuming
constant returnsto scale, so that \° =1 y® and x* =1 x', | > 0. In this case the scale effect
isequa to (I - 1)[p"y® - w" X, which does not collapse to zero unless| = 1. The
condition| = 1 is not a condition for constant returns to scale; constant returns to scale
holds for al | > 0. Increasing or decreasing returns to scale would magnify or dampen
any scale effect generated by constant returns to scale. The conditionl = 1 states that the
scale of operations of the producer remains unchanged. It isin this sense, rather than in
the narrow constant returns to scale sense, that we refer to this term as a scale effect.
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9. Somewhat more formaly, if production technology is notjointly homothetic, then
nonproportionate scale effects show up in the product mix effect and the resource mix
effect. See Fare and Primont (1995) on joint homotheticity.

10. Tulkens and Vanden Eeckaut (1995) refer to such an approach as “sequentia” DEA,
since period t technology is constructed sequentially. Although we find sequential DEA
more plausible than conventional DEA (which Tulkens and Vanden Eeckaut refer to as
“contemporaneous’ DEA), it is straightforward to conduct the following analysis using
conventional DEA. All that is required is to redimension the output and input matrices,
making them contemporaneous rather than sequential.

11. Other studies have examined either profitability or productivity in Spanish banking,
but none has examined the linkage between the two. Pastor (1995) and Grifell and Lovell
(1996) have examined productivity change in Spanish banking, without attempting to
assess the contribution of productivity change to profit change.

12. The number of commercia banks listed in the final column of Table 2 is smaller than
the number listed in the final row of Table 1. This is due to three factors. Mergers
occuring in period t eliminate two or more banks which existed at the end of period t-1,
and create a new bank at the end of period t. For these merging banks none of the linear
programs can be solved for both periods, and the profit decomposition cannot be
implemented. In addition, banks occasionally appear in only one of a pair of adjacent
years, due to data problems. In this case adjacent-period linear programming problems
cannot be solved for these banks, and the profit decomposition cannot be implemented for
them. Finally, the mixed period linear programs (9) and (11) are not guaranteed to have
solutions for the smallest banks. Consequently the profit change indicated in the first
column of Table 2 does not correspond to the annua change in average operating profit
calculated from the entries in the first row of Table 1.
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Appendix

In this Appendix we provide an aternative profit change decomposition. The
decomposition given in Propositions 1 - 4 measures the technical change effect with the
shift in production technology at the input vector X, and then measures the activity effect
(and each of its three components) along period t+1 technology. The alternative profit
change decomposition measures the activity effect (and each of its three components)
along period t technology, and then measures the technical change effect with the shift in
production technology at the input vector X**. Proposition A1 below merges Propositions
1 - 4 in the text, using the new decomposition path. All unobserved quantity vectors are
indicated in Figures 1 - 3. The price effect and the operating efficiency effect are
unchanged by the new path. Proposition A2 below parallels Proposition 5 in the text, and
shows how to calculate the unobserved quantity vectors(yy©, y7, y©, x).

Proposition A1 Theprofit changebetween period t and period t+1 decomposes as

[p™-p] =
(0™ -p) () - W™ - w) (xT)] price effect
+ [(F) (- Y] technical change effect
- [0 O -y - () ¢ - W) operating efficiency effect
+ () ¢ -y product mix effect
- L) (- X)) resource mix effect
+ (@) (° -y - (W) (X - X)] scale effect
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Proposition A2: The unobserved quantity vectors (', y°, y", y©, x) can be recovered
from the observed quantity vectors {xy") and (X**,y"*") by means of

(i) Y* = ¥IDo(XY)

(i) ¥ = YD (XY™
(iii) ¥y = y"Do(x"y™)
(iv) ¥° = ¥/Do(x™y)

(V) XH — t/Dit(yt+1/Dot(Xt+l,yt),Xt)
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TABLE 2.
Profit Change Decomposition for Spanish Commercial Banks, 1987 - 1994
Average Results

YEAR Profit Change = Productivity Effect+ Activity Effect+ Price Effect Number

1988 - 1987 1189 211 1217 -238 53
1989 - 1988 2688 671 2021 -4 50
1990 - 1989 279 1647 3357 -4725 54
1991-1990 -731 896 1699 -3326 55
1992 -1991  -2386 -317 831 -2900 56
1993 -1992  -3147 1753 1108 -6008 52
1994 - 1993 2998 103 1381 1514 45
Average
1987 - 1994 127 709 1659 -2241 52
TABLE 3.

Productivity Effect Decomposition for Spanish Commercial Banks, 1987 - 1994
Average Results

YEAR Productivity Effect = Technical Change+ Operating Efficiency

1988 - 1987 211 318 -107
1989 - 1988 671 1176 -505
1990 - 1989 1647 1849 -202
1991 - 1990 896 1054 -158
1992 - 1991 -317 116 -433
1993 - 1992 1753 2021 -268
1994 - 1993 103 223 -120
Average

1988 - 1994 709 965 -256



TABLE 4.
Activity Effect Decomposition for Spanish Commercial Banks, 1987 - 1994
Average Results

YEAR Activity Effect= Product Mix Effect + Resource Mix Effect + Scale Effect

1988 - 1987 1217 2600 -3280 1897
1989 - 1988 2021 4374 -4611 2258
1990 - 1989 3357 7203 -6809 2962
1991 -1990 1699 5951 -8648 4395
1992 -1991 831 5628 -7549 2752
1993 -1992 1108 10444 -13189 3853
1994 - 1993 1381 5274 -5795 1903
Average

1987 -1994 1659 5925 -7126 2860



