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1. Introduction

Constant—market—shares (hereafter CMS) analysis is an accountin
method for decomposing a country's aggregated export (sha.re%
§rowth into "total growth" (or "structural change") effects and
competitiveness" effects. The method, known as shift—and-share
analysis in the empirical studies of structural changes in industrial
and regional economics!, became popular in applied international
economics with the pioneering work of Tyszynski (1951) and it has
been increasingly used and refined despite continued criticism both
on theoretical and empirical aspects2.

The main reasons for the popularity of CMS analysis are its sim-
plicity and applicability to ready—to—use published data at a reason-
able level of disaggregation. The basic analytic framework is an
identity which defines the aggregated export level of a country as the
sum of individual commodities exported to the rest of the world or to
single foreign markets. This identity is decomposed into elements
such as commodity shares and market shares of world trade, while its
variations over time are disentangled into variations of aggregates of
these components.

The method has therefore the nature of ez post analyses, like the
structural analyses carried out on pational macroeconomic accounts
or input—output tables, and by no means can it provide by itself in-
dications on the underlying determinants of the observed changes. Its
usefulness is effectively synthesized by Magee (1975, p.221): “The
technique reveals that, even if a country maintains its share of every
product in every market, it can still have a decrease in its aggregate
market share if it exports to markets that grow more slowly than the
world average and/or if it exports products for which demand is
growing more slowly than average".
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Much of the early criticism was directed towards misunderstand-
ing of the accounting role of this method, which was sometimes em-
ployed for “explaining" or forecasting purposes. However, the most
important remarks were made by Baldwin (1958) and Richardson
(19713, 1971b), who considered CMS analysis as an index number
approach in which different weights of aggregation can be chosen in
order to obtain consistency in accounting for changes in total exports
(or export shares). Richardson (1971a, 1971b) afso noted that the
values and sign of the various components may change if the final
yearalof the period examined is considered as base year instead of the
initial.

Moreover, in the discrete—time formulation of CMS a further ele-
ment, apparently given by the interaction between commodity—com-
position and market—distribution effects, arises if the same base year
is used for the weights of the various components. This "interaction"
element was noted by Baldwin (1958) (following R. LichtenberF‘s
suggestions to a previous draft of his paper) and by Spiegelglas
(1959) and was further discussed by Richardson (1971a, 1971b).
There was not, however, a consensus on the interpretation of this
residual element: some authors considered it a genuine economic
variable (or "a second measure of competitiveness", according to
Richardson, 1971a, p.236), while others found it of no economic
meaning (see, for example, Reymert and Schultz, 1985).

In this paper we examine the CMS analysis within the context of
index number theory and demonstrate that much of the criticism on
this method can be clarified and partly overcome by reformulating
the discrete~time version of the accounting decomposition of export
(share) changes in a more convenient way. Specifically,-it is shown
that the residual term, interpreted as interaction effect, is due only
to the formulas traditionally used and does not appear if a more
flexible CMS decomposition method is adopted. As far as we know,
no attempt has hitherto been made to find a solution to the CMS
problem in the light of the developments of index number theory. We
also demonstrate that other apparent pitfalls of the traditional
applications of the method, such as. for example, the variability of
the results depending on the order of decomposition of the sinFle
elements, are attributable to the particular decomposition formulas
used rather than to a real drawback of the method itself.

In the next section we examine the traditional approaches start-
ing from basic identities. In the third section we take into account
the recent developments of index number theory which are useful for
defining the CMS analysis in the discrete time in a way more con-
sistent with its continuous—time version. In the fourth section a new
formulation of CMS analysis is proposed by using Diewert's (1976)
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superlative index numbers. It is shown, in particular, that the re-
sidual "interaction" element is practically ruled out, being decom-
posed and distributed to the other CMS cornponents The fifth sec-
tion concludes.

2. Basic identities and the traditional approaches of CMS analysis

Let us begin with the basic identity:
(1) qQ'=Ligt = I Q¢

where  qt = total exports of the focus country,
q} = exports of the ith commodity of the focus country,

Q} = world exports of the ith commodity,

st = q}/Q} = export share in the ith commodity of the

focus country,
and superscript t denotes time.
The simplest formulation of CMS analysis can be obtained by

differentiating (1) with respect to time:

dQt clst
(2) __Q.d : = Ei S;' ! + E Qx
dt dt dt
Export growth "Competitiveness"
with constant effect

market shares

In identity (2) export growth (%—?ﬁ) is decomposed into two ele-
dQt

ments: a world growth effect (E;s%‘—d—r‘ ), which represents the over-

all export growth of the focus country in the presence of constant

market shares in its exports of each commodity, and the so—called
dst

"competitiveness" effect (SiQ‘ "HTI)’ which measures export changes

due only to changes in market shares of that country.

An alternative formulation of CMS anal)SN starts with the fol-
lowing identity defining the focus country's aggregated export share:
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(3) st = Listst

where st = aggregated export share of the focus country
S* = share of the ith commodity in the world exports
1

(St = Q% QY

Differentiating (3) with respect to time we obtain:

dst dst

(4) .A%f:):isf-.-i+2i Sf‘—i

dt 1odt 'odt
Structural "Competitiveness"

effect effect

In identity (4) the growth in aggregated export share (%—f—t) is

decomposed into two elements: a structural effect due to changes in
dst

commodity shares in the world trade (E;st —(R—‘), which reflects the

export growth of the focus country in the hypothesis of its cons(tiant
st

market shares, and the so—called "competitiveness" effect (z:isg—afi),

which measures the changes of the focus country's aggregated export
share due only to export share changes in each commodity.

Since identities (2) and (4) refer to continuous—time changes,
they cannot be directly applied to discrete—time observations. In the
literature on CMS analysis there is not a uniform way of translating
the continuous—time into the discrete—time formulation. Tyszynski
(1951) and Svennilson (1954) based their CMS decomposition formula
on identity (3) and used the following decomposition:

(5) As = % s? AS; + £; Sli Asi>
Structural "Competitiveness"
effect effect

Baldwin (1958), following Lichtenberg's suggestions to a previous
draft of his paper, recognized that identity (5) amounts to using year
0 weights to measure the structural effects at constant market shares
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and year 1 weights to compute the "competitiveness" component.
Therefore,-he proposed the following alternative decomposition:

(5") As = _Eis‘g AS; + 2;3? As; + LjAs; AS;

where he noted that employing year 0 weights to compute both the
competitive and structural effects leaves a residual term equal to
T;As;AS;, which he called "“interaction between the structural and
competitive change" or simply "interaction effect" (see also Spiegel-
glas, 1959 for a similar procedure).

Richardson (1971a), focusing the attention on identity (1), pro-
posed the following alternative decompositions:

(6) Aq = Lis? AQi + IiQ! As;
(7) Aq = Iist AQ; + LiQ! As;

(8) Aq = Lifas? + (1 - e) sl] AQ;

+ L[(1-a)QV+ aQl) As;, for0 < a< 1.

(9) Aq = E;S?AQi + XiQ? As; + LiAs; AQ;
to which one could add
(10) Aq = Eis} AQ; + E;Q!l As; — TiAs; AQ;

Identities (6) through (10) differ in the weights applied to each com-
ponent. For example, (9) and (10) use a Laspeytres— and Paasche—
type systems of weights respectively, while (6) and (7) use a Las-
peyres—type for one component and a Paasche-type for another in
order to assure consistency in the accounting for changes in total ex-
ports. Identity (8) is a combination of (6) and (7) or of (9) and (10)
and uses symmetric weights. Richardson (1971a) does not acknow-
ledge this aspect, which, as we shall demonstrate, makes (8) in some
sense superior to the others. In fact, Richardson's (1971a) contention
is opposite to ours: "no particular one of the identities (6) through
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(9) has an a priori superiority to any other" (p.234). Therefore, he
su§gested to use them jointly because "CMS calculations which use
only one of the available identities waste resources" (p.235). How-
ever, he recognizes that "CMS effects derived from identity (8) alone
for some specified value of a may be useful if some representative
numbers are desired for the period as a whole3. For example, if the
researcher has no reason to believe that either the beginning— or
end—of—period export structure was dominant throughout the period,
CMS effects derived from identity (8) with a equal to 0.5 might be
considered most representative of the period. This idea has particular
application for studies in which the competitive effect has been
regressed on relative price changes to obtain estimates of the elastici-
ty of substitution. Since price changes occur over a period, the re-
presentative competitive effect over the period should be used, not
the traditional competitive effect"(pp. 236—237).

The ‘"residual" term IL;As;AQ; in (9) was interpreted by
Richardson (1971a, p.236) as a "second measurement of 'competitive-
ness'", since it would indicate "whether the country was increasing
its export shares in rapidly growing commodities and markets". He
also noted that neither Baldwin (1958) nor Spiegelglas (1959) realized
this potential interpretation. On the other hand, we can observe that
this residual term is not present in the continuous—time decom-
position. In fact the exact decomposition of total export change
between period 0 and period 1 is expressed by integrating (2) over
the interval between period 0 and period 1:

1 4Q! L st
(11) Q' —q = H&s% _-_] d + ”ziqg __] dt
0 dt 0 dt

Similarly. by integrating (4) we get the following exact decomposi-
tion of total export shares between period 0 and period 1:

1. dst 1 dst] .

.(12) st —s? = J[E;s§ ——-—'] dt + Hzisg——-‘ dt

0 dt 0 dt

In Richardson's (1971a) words: "the problem is that over the time
period under consideration, both a country's export structure and
world exports are continuously changing. The typical researcher,
however, has observations” on only beginning— and end-—of—period

variables, while he optimally would like to know s} and Q} at every



Constant—Market—Shares Analysis 459

moment during the period" (p.234; italics added and mathematical
symbols adjusted). We shall refer hereafter to this problem as the
“index number problem of CMS analysis" or simply as "CMS prob-
lem", which we shall try to solve in the following sections. In par-
ticular, we shall demonstrate that the formulation of CMS analysis
defined by (8), where a = 0.5, is the most accurate discrete—time
approximation to (11) and permits us to decompose also the residual
“interaction" effect.

An alternative formulation of CMS analysis would be in terms of
relative rather than absolute changes. This is obtained by dividing

identity (2) and (4) by Zis!Q} and Z;siS} respectively and integrating
between periods 0 and 1, so that:

1 'osiQY dQt/dt
13y 3 _ % Qi 99 dt
q° exp“ LisiQp Qi ]

0

1

stQY  ds}/dt
. epr [E; . ]dt

et Ot L

0

1

s! siSt  dSi/dt
(14) _____epr[z; i / Jdt _

0 Ip otqQt t
S u)Sij Si

0

|

siSt  dst/de
o | [

The discrete-time approximation of these decomposition formulas
presents, however, similar problems as those with (11) and (12).

Another serious criticism raised by Richardson (1971a,1971b) on
CMS analysis regards the decomposition of "structural" effects pro-
posed in later versions of the method. Taking into account the mar-
ket distribution of the focus country's exports of each commodity,
identity (1) becomes:
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(15) qQt = XiEjsgj

where s}; = q};/Q}; and j denotes the jth market.

Differentiating and expanding (15), the basic CMS decomposition
can be re—expressed as:

dq* _ dQ* dQi. dot
1) gE= s g +[’3is?.d; “s‘d?]

World growth Commodity effect
effect
dQj; dQ!, dsi;
+ [E;E,-sﬁj r " sl at] + il
Market effect Competitive effect

or, alternatively,

dQt,
dg* _ dQt _ H . dQt
an = g+ [EJS-‘mt - st d?]

World growth Market effect
effect
. dQj}; dQt; dsi;
+ [Ziz)'sij —37T ~ LSl "'3—] LS
Commodity effect Competitive effect

where Qt = EiEth; stz t/QY, st = quj/Ej fj, st = E,qU/E, o
Q. = G QY = LiQj. In identities (16) and (17) the export

l”
growth effect.s with constant market shares are subdivided into three
elements: (i) the world growth effect, which is repr&sented by the
country's export change that will occur if the countr 's export
growth in each commogny_ and market is equal to that of the world
export, (ii) the commodity effect, and (iii) the market effect. These
last two effects arise from the difference between the structural
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concentration of the focus country's exports on commodities and
importing regions, respectively, and those of world trade average.

Richardson (1971b) made clear that, although the sum of the
commodity and market effects in (16) would be no different from
‘that calculated in (17), the change in the sequence of calculation
would modify the values of the individual commodity and market
effects. We can, in fact, have the following different measures:

aQt. | 4t 4Qy dQY
[Zis?- @ d?] i [&zish"a‘rl - Il ‘a‘r‘]

for commodity effect, and

dQj; dq;. dQj 4Qt
[Bimsts g - st ¢ Bt e - S ]

for market effect. This discrepancy corresponds to a difference of
concepts implied by the formulas for commodity and market effects
in (16) and (17). This will become more evident in.the following dis-
cussion.

The same considerations apply to the well-known version of
CMS analysis usually attributed to Leamer and Stern (1970), al-
though Narvekar (1960—61) extensively used it ten years before (see
also Stern, 1967, pp. 33—42, 161—64). In fact this version is a dis-
crete—time formulation of (16) (which is of the same type of decom-

position given by (6)):

(18) Aq = sOAQ + (Sis? AQ, - s°AQ)
World growth Commodity effect
effect

+ (%8s 9 AQij- Iis).AQi) + (I Qi Asij)

Market effect Competitive effect
If we substitute sAQ with (s°Q%)-(AQ/QY), s? AQ;, with (s§ QJ.)
- (AQi,/QY.), sAQs; with (s3;,Q3))-(AQs;/QY;), and Q'jAs;; with
A(Qijsi;) - (AQij/Q?j)-Q?js?j], then identity (18) is expressed
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exactly in the form of the Leamer and Stern's (1970) version of CMS
analysis.

More recently, Fagerberg and Sollie (1987) decomposed export
share changes by implicitly using the following basic identity:

t

(19) st = L% st . L
Y ) i Q:,
Country's export Share of the ith
share of the ith commodity in total
commodity in the imports of the jth
jth market market
ZiQi;

Share of the jth
market in total
world imports

An alternative basic identity could be the following:

t

ij
(20) st = L5 s}j _—
) Z;Qi;
Country's export Share of the jth
share of the ith market in the
commodity in the world imports of
jth market the jth commodity
LiQi;

Share of the ith
commodity in total
world imports

The identity actually useé by Fagerberg and Sollie (1987) is:
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(21) st =L Mj ¢

. .
~ (defined as "market share of the focus

where M; = 5 S!fj .
1 ij
. . ZiQ;
country in the country j's imports"), and ¢f = ————— (defined as
LiZiQf
"country {j's share of world imports"). Starting from (21), they ap-
plied the following decompositions:
(22) As = LjAM; c? + 25M? Acj + L;AM; Acj
and

o orQy QY
(23) AM; = zisij A [ } + EiAS;j + 35 Asi;
i Qjj Li QY
oY
LiQjj
Substituting (23) into the first additive term of the right—hand side
of (22) leads to:

Q;.
(2  Bs=E; MY Ag + §%is0, A [ ”J @
.0
“i Qu
Market— Commodity—
distribution composi[ion
effect effect
B Q. ' . Q..
+ L;L; Assj 2 c?-&-EjEiAs;j A[ ”]C?
z;QY; £iQjj
Market—share effect Commodity—
("Competitiveness" adaptation

effect) ~ effect
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+ I AM; Ac;

Market—
adaptation
effect

Eq. (24) has been applied by OECD (1987, pp. 274—75), which com-
puted the five effects for exports of the major industrial countries.
The following comments can be made on this approach. Firstly, we
note that the market—distribution and commodity—composition ef-
fects in the Fagerberg and Sollie (1987) version of CMS analysis
given by (24) have different meaning and values with respect to those
of the Narvekar (1960—6‘1:), Leamer and Stern (1970), Richardson
1971a, 1971b3 version of CMS analysis given by (18). Fagerberg and

llie (1987) did not make any reference to this difference in concepts
between their own and the above—mentioned CMS version, except
that they used Laspeyres indexes throughout the calculations.

In (24) the market and commodity effects are respectively seen
as the effects on the country's export performance ofpfge d ic
structural changes of its original export markets and of world trade
in commodities and, therefore, can be considered as an extension of
the "structural" effect concept in Tyszynski (1951), Baldwin (1958)
and Spiegelglas (1959) analyses. In (18) they are explicitly seen as
effects that arise from the different concentration of the country's
exports in markets and commodities with growth rates more (less)
favorable than world average. It can be easily shown, by means of
algebraic manipulations, that eq. (24), based on identity (19), is a
discrete-time export—share version of the CMS decomposition given
by (17), while eq. (18) can be brought back to identity (20) and is a
discrete-time version of decomposition given by (16). This sheds
light on the difference in meaning between these two alternative
C%v(S procedures, which has often n misunderstood in the litera-
ture.

Secondly, identity (24) is 'a Laspeyres—type decomposition for-
mula which contains two "interaction effects", the commodity—adap-
tation and the market—adaptation effects, in addition to the traditio-
nal three components (commodity—composition, market—distribution
and "competitiveness" effects)4. The commodity—adaptation effect is
interpreted as the degree of success of the focus country in adapting
the-®mmodity composition_of its exports to the overall change in the
commodity composition of world imports, while the market—adapta-
tion effect is interpreted as the degree of success of the focus country
in adapting the market composition of its exports to the evolution of
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geographical distribution of world imports. Two interaction effects
arise here because the decomposition of export shares involves more
than two types of .components. On the other hand, these are extra-
neous to the corresponding continuous—time formulation of CMS
analysis. ' '

Moreover, we observe that different formulas and values for each
component can be found if a Paasche—type decomposition is applied.
It is therefore evident that Fagerberg and Sollie's (1987) formulation
of CMS analysis presents an index number problem which is similar
to that of the other versions already discussed.

3. The CMS problem in the light of recent developments of indez
number theory

The CMS problem can be reinterpreted and clarified within the con-
text of recent advances in index number theory. These will ultimate-
ly permit us to find a more satisfactory reformulation of CMS ana-
lysis without contradicting, however, the basic ideas of the early
contributions in this field. It is in fact generally understood that
the contemporary research in index number theory "offers a consider-
able commentary on formula specification which complements rather
than contradicts the original work of the empiricists of the early part
of this century" (Hansen and Lucas, 1984, p.25)s. :

The original continuous—time decomposition formulas (11) and
(12) for CMS analysis are given by the sum of line integrals that
were called the "Schumpeterian version" of Divisia indexes by
Samuelson and Swamy (1974, p.578). The Divisia indexes are, in
general, path—dependent, that is they depend on the path over which
the integration is taken. This is to say that, for the same initial and
final values of the elementary components, the aggregating index
depends, in general, on the history of these components during the
time interval. Samuelson and Swamy (1974, pp.579—80) and Diewert
}1981, pp.195-96) summarize many studies of the necessary and suf-
icient conditions under which the Divisia index is path—independent.
These are shown to be equivalent to the existence and homotheticity
cond;t.ions of the underlying aggregator function (see also Hulten,
1973).

When identity (11) or (12) is to be applied to data referring to
discrete—time observations some way has to be found for approximat-
ing the Divisia line integrals. In the recent literature a number of
approximating formulas havg been developed and their properties
have been studied with reference to the underlying aggregator func-
tions. Basic contributions in the so—called "functional approach" to
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index number theory$, due to Samuelson and Swamy (1974), Diewert
51976,1978), and Lau (1979) have clarified that certain functional
orms for the aggregator function can be associated with certain in-
dex number formulas. In other words, these can be defined as ezact
for particular aggregator functions since they are equal to the ratio of
the values of these functions at an initial and final point.

More specifically, the Laspeyres— or Paasche—type aggregatin
indexes are exact for aggregator functions (the Leontief-type fixe
coefficient functions) which are first—order numerical approximations
to the true aggregator functions. Similarly, the so—called geometric
indezes are exact for Cobb-Douglas—&ype aggregator functions and
belong to the family of indexes which are exact for first—order appro-
ximating functions.

Another class of index numbers is very important for their pro-
perty of being exact for aggregator functions which can provide a
second—order differential approximation to arbitrary twice—different-
iable aggregator functions and have at the same time convenient
mathematical properties. These indexes were called superiative by
Diewert (1976) (who quoted Fisher, 1922, p.247 for the use of an
undefined potion of this term). Most of superlative index numbers
can be derived as special cases from the Quadratic mean of order r
indez (which is itself a superlative index number). The Tornqvist and
the Fisher ideal belong to this class of index numbers: the former
being exact for the Translog aggregator function, the latter being
exact for the Quadratic of order 2 aggregator function. The Tornqvist
index is usually used to approximate the Divisia line integrals with
discrete~time observations (see, for example, Theil, 1965,1967,
Christensen and Jorgenson, 1970, Jorgenson and Griliches, 1972, Star,
1974, Star and Hall, 1976, Barnett, 1980, Barnett, Offenbacher and
Spindt, 1984, Vartia and Vartia. 1984).

These developments permit us to reinterpret the CMS decompo-
sition formulas in terms of index numbers which are exact for some
kind of aggregator functions. In fact, if we consider the last identity
in (1) emg‘g apply the Taylor's series expansion of q! around the point

 (s°,Q°) (where 80 = [s2, $9, ...s9 T and Q° = [Q% QS ...QYT), we

get just the decomposition formula (9). Here the term L;As;AQ; can
be interpreted as the second—order remainder term of the linear ap~
proximation given by the first~order Taylor's series expansion. Si-
milarly, if we apply the lor's series expansion of q9 around the
point (8!,Q!), we get just_the decomposition formula (10), where the
term —%;As;Q; can be interpreted as the second—order remainder
term of a linear approximation. In this view the so—called “inter-
action effects”, in Baldwin's (1958) and Spiegelglas' (1959) termi-
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nology, is produced lz the inability of the linear approximating for-
mula to completely disentangle the component effects by tracing a
non-linear function. ' v

By contrast, taking account of the fact that q* = Zjs}Q! is a

quadratic function in the si's and Q!'s, we can apply the Quadratic

lemma (see Diewert, 1976, p.118) which states that, for any quadratic
function y = f(z, 22,..-,2a) Such that

(25) f(z1, 22,...,2a) = 30 + Liaiz; + Lifjaijziz

where a;, a;j are constants and a;j = aj; for all i,j, then

_p L [ Of()  _di(z)
(26)  y'-yo=Tip| el &?](zi—z}’)

This should be contrasted with the Taylor's expansion series which
could be applied to obtain (9) and (10), where the first and second—
order partial derivatives evaluated at an initial point are used. In the
expansion (26) only first—order partial derivatives are required, but
they must evaluated at both initial and final points. Denny and
Fuss (1983) bave shown that (26) can be considered as a growth ac-
counting egquation, which can also be obtained by subtracting the two
linear approximations given by the Taylor's series expansions around
the initial and final points and then dividing through by 2.

Since q* = %;s'Qt is a special case of (25), the corresponding
1V

growth accounting equation for the interval between period 0 and
period 1 can be written as:

(27)  Aq= &-;—[sg’ + s§] AQ; + &-%—[Qg + Qg] As;

which corresponds to (8) when we set @ = 0.5 in this last identity.

We note that (27) is a Tornqvist—type index as it takes the aver-
age of weights in the initial and final points (eq. (26) would lead te
the logarithm of the ToOrnqvist index if all the variables were ex-
pressed in logarithmic terms). The intrinsic nature of (27) makes it
superior to tiose CMS decomposition formulas which can be inter-
preted as first—order numerical approximations.

We may ask, however, under what conditions the line integrals in
(11) correspond exactly to the respective additive terms in (27). If,
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by chance, the si's and the Qi's follow a path which is consistent
with aggregator functions ¢(st) and ¢(Qt) and, moreover, the duality

relationshipé _35?{359— = Q}band —%ﬂé%l—”: st are always true,
§i i

then by the Quadratic lemma a sufficient condition is that ¢(s*) and
#(Qt) are quadratic functions for the above—mentioned equality to
hold. Furthermore, the invariance of the line integrals in gll) under
change of path between endpoints is guaranteed if and only if ¢(st)
and ¢(Qt) are homothetic functions.

In the general case, the focus country's export shares and world
exports are highly unlikely to follow a path satisfying the above con-
ditions. Using eq. (27) can thus bring about, at best, approximation
errors of some magnitude. However, gamuelson and Swamy (1974, p.
579, n.11) and Star and Hall (1976) have shown that, ii- there are
data for intervals "close together" between endpoints, the approxima-
tion error can be substantially reduced by applying the TOrnqvist in-
dex interval by interval and then constructing the overall index by
chaining (see also Diewert, 1978, 1981, Trivedi, 1981, and Hill, 1988
for strong justification of the chain principle).

When the CMS analysis is to be expressed in terms of relative
changes as specified by eq. (13) or (14), we can observe that the line
integrals of the decomposition equation are Divisia indexes. They
can be approximated by direct and implicit Tornqvist indexes by
uts)ing discrete—time observations. In the case we use eq. (13) we
obtain:

(28) In q' —1n q° = In §o,1 + In Qo

sQQQ 3’.Q!
whereano,lsEi% [ 1010+ I,‘l

Ljs J Q) Ijis;Q
i) siQi

+
0 30 10!
£83Q)  I;Q;

] (In Q! - In Q9) and

In 30,4 = (In q' = In @) - Ei—%—[ ] (o Q! -1In Q‘i’).
In eq. (28) Qou is the disect Torngvist index of the Wbrid export

growth effects, while So,5 is the implicit Tornqvist index of the "com-
petitiveness" effect. Since the Térnqvist index does not satisfy the
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factor reversal test exactly, one of the aggregated components has to
be computed implicitly from the relative change of the tocus country's
~ exports and the direct Torngvist index of the other components.

4- The reformulation of CMS analysis

In the light of index number theory we find that the traditional
approaches of CMS analysis should not be used for the following
") The wadeslying Las Paasch f

1 e underlying Laspeyres— or Paasche—type aggregating for-
mulas give a residual term which can be interpreted as a linear ap-
proximation error of a second—order magnitude.

2) The Laspeyres— and Paasche-type components are in general
significantly biased.

The discrete—time approximations based on the so—called super-
lative index numbers must be preferred since they may lead to ap-
proximation errors of third— or higher—order magnitude. One of these
index numbers is the Térnqvist index, which is exact for an aggre-
gating Translog function. - A

In the empirical application of the Tornqvist—type indexes we
should take advantage of the following suggestions. It has been re-
cognized that the shorter the time period and the smaller the rates of
change the closer the discrete Tornqvist approximation to the Divisia
index. It is therefore strongly recommended to apply the chain prin-
ciple by subdividing the whole time period into the shortest intervals
for which the data are available and to use chained indexes to recon-
struct the accounting decomposition.

Furthermore, in the construction of CMS index numbers of ag-
gregate components of relative changes we have to decide which are
to estimated by the direct Tornqvist index and which is the one
that is to be derived implicitly. Allen and Diewert (1981) have ar-
gued that the elementary components that show more highly propor-
tional variations have to be aggregated through the direct superlative
index pumbers, while the implicit superlative indexes are to be pre-
ferred for the aggregator of the other components. In this way the
direct superlative index numbers are more likely to satisfy the basic
theoretical approximation properties and to be closer to the true
(unknown) aggregating indexes.

In the case where CMS analysis has to be expressed in terms of
absolute changes of the country's exports we can apply the discrete—
time decomposition (27) to (16) or (17). The discrete~time decompo-
sition of (16) is derived as follows:
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(29) Aq = —;- [so + sl] AQ

World growth effect

1
+Zi—-2— [3?.‘*' s§_] : AQi——[s°+s‘} AQ
2

Commodity—composition effect

1 . 1
+ 5% ~—2- [s‘}j + S%j]'AQij -5 —; [s?. + sﬁ‘] AQ;,

Market—distribution effect

1
+ LiL; —;[ (i)j + Q‘U] Asij
"Competitiveness" effect

The decomposition (29) is our proposed discrete—time version of
(16). It is also a reformulation of the traditional decomposition (18),
which is equivalent to the Narvekar (1960—61), Leamer and Stern
(1970), Richardson (1971a, 1971b) version of CMS analysis. We note
that in the analo%ous discrete—time version of (17) the components
that can be identified as market—distribution and commodity—compo-
siftion )effects have different values and meaning with respect to those
of (29).

The more recent CMS decomposition (24) used by Fagerberg and
Sollie (1987) and OECD (1987) can be similarly reformulated starting
from identity (19) or (21) as follows:

. [ B 1 ) . .
(30) As = 5 - [Mg + M}] A
+ 55— [c‘,? + c}] AM;

and
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g . (31) AMj:&%—[ 2§;+ Eé:}Asij
iwij i *ij

cn ) e (5

i ~ij

Substituting (31) into (30), we get:
1
(32) s = Ty [M3+ My ac

Market-distribution
effect

+2;25—%— [s‘i’j + sﬁj} A[—zié—’]—%—[c‘j’-&- c}]
i ij

Commodity—composition effect

+ 5% A si; ] [ ?j + lij ] 1 [co + c‘]
i j 77 2 i j
EiQ‘}j EiQ‘ij

“Competitiveness" effect

. We observe that the market—adaptation and commodity—adaptation
effects in the original Fagerberg and Sollie (1987) formulation given

by (24) are not present in eq. ?32), where they are decomposed and

‘ distributed to the otber components by a more f{lexible procedure.
Furthermore, the concepts and values of market—distribution and
commodity—composition effects in eq. (32) are different from those

. given by eq. (29). In (32) the market—distribution and commodity—.

composition eiffects are seen as arising, respectively, from the growth

in the country's export markets and in the world trade of commodi-

ties in each market, while in (29) they are seen as arising from the

concentration of the country's exports in markets and commodities

with growth rates more (less) favorable than world average. At a

closer examination, it cdn be shown that eq. (32) is the discrete—time

(export—share) version of the CMS decomposition (17), being based

on identity (19), while eq. (29) is the discrete~time version of the
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CMS decomposition (16) and can be derived starting from an identi-
ty similar to (20). Specifically, in egs. (17) and (32) the market—
distribution effect refers to the change in the export market distribu-
tion in the world trade of all commodities, while in egs. (16) and
(29) it refers to the change in the export market distribution in the
world trade of each specific commodity. Moreover, in egs. (17) and
(32) the commodity—composition effect refers to the change in the
relative importance of commodities in the imports of each specific
market, while in eqs. (16) and (29) it refers to the change in the
relative importance of commodities in the total world imports (or

exports). '
Finally, if the CMS analysis has to be specified in terms of rela-

tive changes, we can apply a discrete-time approximation formula
similar to (28) starting from identity (19) or (20), thus obtaining:

(33) Alnqg = InSoy+InCoy + In Moy + Al Q
where

(34) InSoy=Alnq—-1nCoy—InMpy-AInQ

which is the logarithm of the implicit Tornqvist index of the "com-
petitiveness" effect and, if identity (19) is used,

$9..QY. s!..Q!. Q..
T T TR Y
.Ls2.Q% £.rs!.Q! EiQij

9% 1 jwij i“j° 1 jij

(35) In Coa = 5 - |

which is the logarithm of the direct Térnqvist index of commodity—
composition effects, while

g2..09. sl..Qt. EQ
(36) lnMo,j.':-):iEj—%—[ ij ouo 1} l”, n iwij
LEs?iQY  IiLsiQyt . BiZ;Qy

which is the logarithm of the direct Tornqvist index of market—
distribution effect. Here the "competitiveness" effect is estimated
through the implicit Tornqvist index number. However, if the avail-
able data show a higher proportionality of the changes in the focus
country's export shares than in the other elementary components, the
direct Tornqvist index number must be used, while in this case the




!
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implicit Tornqvist index is more appropriate for commodity effects or
market effects. We note, also, that the two last effects have a mean-
ing similar to that in the decomposition given by eq. (32).

If identity (20) is used instead of (19), then the terms

Q.. $.Q..
[A]n ”] and [A In —— 1 ”]
L Q; £:%;Q;
in (35) and (36) must be substituted by
Q rQ
[Aln ”] and [A In — 1 ”]
L;Q; 5iE;Qy

respectively. With these substitutions In Co,; is the logarithm of the
direct Tornqvist index of market—distribution effect, while In Mg, is
the logarithm of the direct Tornqvist index of commodity—composi-
tion effect. Here again, we recall that the value and meaning of these
market—distribution and commodity—composition effects are different
from those derived on the basis of identity (19).

5. Conclusion

In this paper we have revisited the major accounting decomposition
problems in Constant—Market—Shares Analysis. These were recog-
nized as index number problems in the early empirical applications.
By interpreting the alternative CMS decomposition formulas in the
light of recent developments in index number theory we were able to
idgentify the unresolved aspects of the decomposition procedure and to
propose satisfactory solutions at least from a theoretical viewpoint.
These solutions would significantly improve the quality of the empir-
ical analysis and increase the readability of the results obtained.

A decomposition analysis should not use, in general, the fixed—
share weighted Laspeyres— or Paasche—type indexes when the weights
are not constant dunng the time interval under examination. More
"flexible" index numbers should be used instead, paying attention to
the particular dynamics of the elementary components and to the
underlying law of aggregation established by some particular aggre-
gator function. When the functional forms of these aggregator anc-
tions are not known, the most suitable indexes are Diewert's superla-
tive index numbers which are exact for aggregator quadratic func-
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tions. One of these indexes, the Tornqvist index number, is charac-
terized by many desirable properties. It is exact for the Translog
aggregator function and can be used as a good discrete—time approxi-
mation to the Divisia index. This last property turns out to be.very
convenient since CMS analysis can be directly translated into a de-
composition procedure based on Divisia indexes.

Our proposed reformulation of CMS analysis is very simple in
nature and does not show the pitfalls of the traditional approaches,
such as the residual that arises when a linear formula is applied to
approximate a non—linear function. More specifically, it is based on
the Quadratic lemma, which permits us to decompose absolute or re-
lative changes of a function by using quadratic approximating func-
tions either directly or indirectly through the corresponding superla-
tive index numbers. The decomposition bias is thus significantly re-
duced if compared with that arising from the traditional approaches.
Moreover, if the chain principle is applied by subdividing the time
interval into the shortest periods of time for which the data are
available, the bias is further reduced.

It must be conceded, however, that it is unlikely that variations
of the elementary components over time are precisely consistent with
an aggregator quadratic function and, consequently, the bias cannot
be completely eliminated. As Samuelson and Swamy (1974, p.592)
put it, "we must accept the sad facts of life, and be grateful for the
more complicated procedures economic theory devises".

Notes:

* Istituto di Studi per la Programmasione Economica, 282 Corso Vittorio Ema-
nuecle, I-00186 Rome, ltaly.

! See Creamer (1943) for one of the first empirical applications and Houston
(1967) and Stevens and Moore (1980) for critical reviews of the literature in
these fields.

2 For a list of early studies in international economics which * used CMS ana-
lysis see Richardson (1971a, p.227, n. 1) and, for references to recent contribu-
tions, Fagerberg and Sollie (1987, p.1572, n.2).

3 Identity (8) is also mentioned by Magee (1968, p.37) as a possible solution to
the index pumber problem when @ = 0.5, since then the weights on AQj and
As; will be “consistent", or similarly dimensioned.
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4 It would also be possible to develop a Paasche—type decomposition formula
starting from (21).

5 See Allen (1975), Diewert (1981, 1986), Jasairi (1983), and Hill (1988) for
surveys on the developments of index number theory.

6 Frisch (1936) distinguishes three approaches to index numbers theory: (i) des—
criptive or statistical approach, (ii) the test approach, and (ii) the functional
approach. The third one was also called the "economic theory of index num-
bers" by Stachle (1934—35), Samuelson (1947, pp.146—56), Samuelson and
Swamy (1974, p.573), and Diewert (1981, 1986).
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Summary. This paper examines the constant—market—shares (CMS)
analysis of a country's export growth within the context of index
number theory and is aimed at linding a satisfactory solution to the
problems encountered by the traditional CMS decomposition pro-
cedures. The last ones perform the task of disentangling the varia-
tions of each accounting factor only partially, because they are based
on linear approximations to non—linear functions. The residual "in-
teraction" term left out in the current CMS analyses does not appear
if a more flexible CMS decomposition based on the so—called super
lative index numbers is used. Moreover, the discussion of the basic
identities has clarified the difference in meaning and levels of the
accounting components between the alternative versions of CMS ana-

lysis.




