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The COMET model to which the title refers is a recent version of a
series of models of the European Economic Community (EEC)
constructed for the staff of the Europcan Commission. For an earlier
version see Barten er @/ [1]. The major features of this model are
prescated in the next scction.

The sct of equations explaining inputs of production factors in
COMET forms an internaily coherent subsystem or module. The
present. formulation is inspired by the need to account adequately for
possibilitics of substitution and complementarity between capital
services, labour, energy and other commodity imports. In this sense the
module is similar to the KLEM factor demands approach of Hudson and
Jorgenson [2] and to the economy-wide microeconometric modelling
framework of Theil [4]. The module also explicitly allows for differences
in effects in factor demand betwecn different types of macroeconomic
output, lke private consumption, commodity exports. The multi-
output/multi-input production function base is prescnted later.

Adjustment to a new equilibrium position is not instantaneous. It
takes longer to have the desired capital stock installed than to have the
right size and composition of the labour force, which, however, will aiso
not be achieved within a year’s period. Energy and other commodity
imports will adjust more readily. Delays in adjustments cause spillovers
onto other factor demands. The difference in delay between capital and
labour introduces a cascade of such spillovers.

For a multicountry modelling project like COMET it is important to
be able to compare easily estimation results across countries. Similar,
although not cqual, estimates inspire confidence in the procedure.
Comparability helps identify outlicrs which then may be brought under
control. The basic framework also contains constraints among the
partial derivatives. Carrying these over to the coefficients to be
estimated reduces their number and thus contributes to the efficiency of
estimation. These parametrization issues are discussed later. Techno-
logical change is introduced, while other aspects of the transition of a set
of theoretical relations to one of estimable equations are treated.

Actual estimation, its method and results for the 13 countries
enumerated in Table 1 are presented too. The final section contains the
major conclusions.
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Table 1. Country models in COMET.

Country Symbeol
Faderal Republic of Germany DB
France FR
Italy IT
Natherlands NL
Belgium BE
UK UK
Irsland IR
Danmark DK
Greste HE
Portugal PO
Spain ES
USA us
Japan JA
234

The COMET context

The factor demand equations are a part of the COMET model. This
model basically consists of a set of 13 interlinked models for national
economies supplemented by some relation for five zones representing
the rest of the world. Table 1 lists the countries for which a fully
specified model is part of COMET, together with their symbols. The
first nine countries are present members of the European Economic
Community. In view of its relatively small size the Luxemburg economy
is not represented by a model of its own. Portugal and Spain are
candidate members and therefore already included in the overall model.
The importance of the US and Japanese economies for the Western
industrialized world has led to the inclusion of a national model for
these two countries along the same lines as for the actual or prospective
EEC members.

These national models comprise some 30 estimated equations each.
Sets of bilateral trade equations and international price formation
equations link these country models to each other and to five zones in
which the rest of the world is classified. These five zones consist of the
other members of the Organization for Economic Cooperation and
Development (OECD) than those in Table 1; socialist countries;
oil-exporting developing countries; ‘fast’ developing countries and
‘other’ developing countries. These zones are not described fully, but
only by some ‘feedback’ relations linking imports to exports and exports
prices to international prices. In principle, COMET covers the whole
world. It represents a view of the world economy from an EEC vantage
point.

The national models are dynamic models in the sense that in their
estimated equations past values of endogenous (and exogenous)
variables codetermine present ones. Some of the dynamics reflect the
desire to capture the adjustment towards a normal level of the degree of
utilization of capacity (DUC). Deviations from this normal level exert
delayed corrective movements on capital demand and on prices. This
feature represents the ‘medium-term’ nature of the COMET model, ie
the mutual adjustment of supply of and demand for domestic
production in the medium run.

The complexity of the full model requires that its components be
simple enough to maintain intellectual command over the project not
only for its construction but also for simulation and interpretation
purposes. The (sub) models for 13 national economies have therefore
been given an identical specification. The estimated equations are
usually of the double-logarithmic type. The estimated coefficients are
then elasticitics which can be easily compared across countries.
Differences between the various countries express themselves in
differences in values of the coefficients and can be inspected for their
plausibility.

Most of the equations have been estimated equation-by-equation by
the method of least-squares with some exceptions like the factor
demand modules described here. Frequently noalinear estimation is
applied because the derivation of the equations implies nonlinear
combinations of interpretable coefficients. The database used starts at
the earliest with data for 1953 and ends at the last with those of 1981.
However, the same length of time series is not used for all countries, nor
for all equations, due to restricted data availability. Major sources of
data are the statistics published by the Statistical Office of the European
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Communities (SOEC) and by the OECD, supplemented by data from
the International Monetary Fund, the International Labour Office and
the United Nations.

The national models contain equations for the various major
categories of final demand. The purpose of the factor demand equations
is to determine the inputs of hours of work, services by fixed assets other
than housing, energy and non-energy commodity imports that these
outputs require. In turn, these inputs will have effects on other
variables. For example, commodity imports are allocated over countries
and zones of origin where they will generate economic activity, For the
overall working of the COMET model, the factor demand module is of
vital importance. In view of the considerable changes over the last
decades in technology, relative prices and composition of output a
rather refined framework is needed which explicitly allows for the
possibility of substition or complementarity among factors of produc-
tion. It is natural to base this framework on a production function which
allows such interactions.

The derived factor demand system

It is a common procedure to treat a whole economy as if it were a single
agent, characterized by optimizing behaviour. This procedure is not so
much adopted for its realism but primarily because it supplies an
interpretative framework and useful constraints for estimation and
extrapolation. This approach is applied here to obtain a mutually
consistent set of demand equations for inputs.

For convenience of notation let f be the p-vector of outputs and let ¢
be the g-vector of inputs, with p_ the g-vector of input prices. Next, let
the production possibility frontier be characterized by the following
multi-output/multi-input production function

gfic}=0 (1)

For a given output vector f, the country will use the inputs ¢ that
minimize total costs: p;c. This optimal input vector will satisfy Equation
(1) and the conditions

pc=mg. (2)

where m is a Lagrange multiplier and g, = ag/éc. The conditions are
equivalent to the traditional equality of marginal costs (p.) to marginal
revenue. Equations (1) and (2) constitute a system of g + 1 equations in
the g + 1 unknowns, namely the elements of the vector ¢, the inputs,
and m, the Lagrange multiplier. Under regularity conditions this system
can be solved for these unknowns in the form of functions of fand p,.

To obtain such a solution production function (1) should be
functionally specified, a far from straightforward maiter. As long as one
is interested primarily in locally valid responses of ¢ to shifts in f and p,
one can avoid a direct specification of Equation (1) and hence maintain
some generality. This approach is taken here.

Let df and dp. be shifts in the output vector f and in the input price
vector p,., respectively. Equilibrium conditions (2) can then be written in
differential form as

m G de+mGydf + gdm = dp,. (3)
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where dc and dm are ‘optimal’ changes in ¢ and m, respectively, while

% ag GJ

GFI" = ’ = ¥ = re
ac dc dc
dg. a

Gr}' = »——8— = g
af ac af

The differential form of production function (1) reads

g}df+g:.dc=0 {4)
with g, = dg/3f. Combining Equations (3) and (4) results in the following
matrix equation:

mGrc Be | dc _ —chf I df (5)

g 0 dm —-gf 1] dp.

Note that the matrix on the extreme left-hand side is a symmetric one.
Its invertibility foltows from regularity assumptions on the production
function. Write this inverse as

't (6)

which is also symmetric, implying symmetry of the g X g matrix Z.
Then, premultiplying both sides of Equation (5) by matrix (6} results in
the following expression for the equilibrium changes in ¢:

de

~(m ZGy+ z g) df + Z dp.
Bdf+ Z dp, )]

with B = —(m ZG s+ z gf)

Result (7) is trivial unless B and Z satisfy certain special conditions.
Indeed, there arc such conditions. Z is a symmetri¢c matrix. Moreover,
as can be shown, p.Z = 0, hence Z p, = 0. The diagonal elements of Z
have to be negative. There is, however, only one constrainton 8 : p B
= —m gy, which is not too useful. Note, however, that B = ac/af , ie the
matrix of partial derivatives of inputs with respect to outputs, otherwise
said the matrix of primary input contents for which input-output tables
can supply empirical information. To avoid having to estimate thesc
cocfficients along with the others they can and have been calculated
separately from input-output information. A summary documentation
of these calculations is given in the Appendix.

One next defines

dq = B df (8)
where dg is a vector of ‘synthetic’ variables indicating the input
responses for a given small change in outputs for the year for which B
has been measured and without any change in (relative) input prices.

We can then write

dc = dg + Z dp, 9)
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for the derived demand system. This version of the system puts the focus
of econometric estimation on the matrix Z. It forms the basis for the rest
of this article.

Incomplete adjustment

The derived demand system (9) describes fuil adjustment of all inputs to
a new cquilibrium situation. {t does not specify the time frame of this
response. In the COMET project the yearly interval is the minimum
time period. It 15 not realistic to assume that the production factor
capital will have completed its adjustment within a year. In many
countries labour adjusts with considerable inertia. One can also
envisage future situations in which one of the inputs is made subject to
quantity rationing. It is of use, therefore, to consider the case where one
or more inputs do not adjust fully. It is clear that the optimal changes in
the fully flexible inputs have to depend on the actual values of the more
rigid inpuis.

To proceed, let (p?, ¢") be the set of values of (p,, g) in the initial
equilibrium situation and write p! = p? + dp,, ¢' = ¢° + dg. According
to Equation (9) full adjustment would mean:

&= g g+ 2t = o) (10
or in scalar notation, withj =1, ..., ¢
le‘—C?=q,!—q;’+Eg=1ij (PL{‘P?:') (11)

Next, let ¢, be the constrained input, say capital or energy. which will
not be adjusted completely but is in one way or the other fixed at the
value ¢} # el*. Then, rational behaviour means cost minimization for
given ¢} and, of course, as before for given f. The price of ¢; will play no
role in the determination of the quantity of the other inputs.

In general terms one can write the optimal adjustment equations for
inputs j = 2, ..., g, as

C;] - C? = ‘-I;! - ‘I? + Zm 2 (pre — ple) + k) (e} = {12)

where ~ over g} and z;, indicates that these concepts are different from
the corresponding oncs of full adjustment. The last term represents
most explicitly the lack of adjustment of ¢;. Indeed, if ¢} were equai to
ci” the conditional demands ¢! should be ¢/, j > 1. This property can be
exploited to obtain expressions for §;, %, and A; in terms of the
elements of ¢! and of z. Substituting the right-hand side of Equation
(11) with j = 1 for ¢} ~ ¢ in Equation {12} gives

c,-l - c}) = C}} - q? + 2(#1 Zje (ple — P2)
+ Ay [‘?11 _q(l}"'zt‘zlt'(p:'(_'p?()] (13)

Equalizing the right-hand sides of Equations (11) and (13) then yields
the following properties, with j > 1:

@ -q +hi g ~g)=q -4
2}'( + h;] Zi¢ = Zﬂ-

hn 21 = 2y
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The last condition implies h;; = z,//z,, with z;; being strictly negative.
The second one aliows one to write

ZLie = Zie — hjp 21e = zje — zjy iz
Using also the first property one can rewrite Equation (12) as

] R S | \ L _ 0
C‘,- - Cf - ql" q.f + 2" zjrf' (pt'{ P

+ (Zjllel) {d - Cl - [(QI - q ) + 2z (pr{ Pr()]]
The term in [ ] equals ¢}* — ¢}. Consequently one has

C;l - C,[fl = Q} - Q}) + Zf Zy (P:: —P(c'r) + (zplzn) (Cll = CII*) (14)
or

o —d=¢" =&+ (zplzn) (et - i) (15)

Some aspects of thesc results may be undertined. First of all, no new
parameters are involved in Equation (14) as compared to Equation (11).
Second, the last term with (¢} — ¢} ") represents the spillover effect of
lack of adjustment of ¢;. Remember that z,; is negative. If inputsj and
1 are substitutes and thus z;; > 0, a shortage of ¢, will forcc ¢} above ¢*.
In the casc of comp]cmcntarlty such a shortage will leave ¢/ below its ¢/
value, Third, (¢} — ¢}*)/z,, can be 1nterprclcd as the 5had0w price of lhc
constraint. By simply adding (c} ~ ¢} )iz, to (p}, — p% ) in Equation
(11) the original system can be left formally intact.

This line of thought can be easily extended to more than one
constrained input. The shadow price will then involve the inverse of a
part of the Z matrix. Here a different approach will be followed to
extend the applicability of the system. This approach is based on a
scenario of potentially less and less rigidly adjustable inputs. For
example, capital adjusts slowly to its final equitibrium level, labour will
move faster to its equilibrium level, the latter, however, being
conditional on the actual available amount of capital. The other inputs
adjust to the optimal values given the avaitable amounts of capital and
labour.

Returning to Equation (14) we will rewrite this expression as

&; - C}] = QJ'I - q,[r] + ZFZJ'{ (pd pcl) + (z;l‘lel) (Cl - C;*) (16)
for j > 1, where " indicates that the adjustment is conditional on c}.
Next, assume that ¢ # ¢ because of, say, lagged adjustment. A similal
reasoning as before will show that for j > 2:

C;! - C,?= ‘h! - Q’? + 2z (pee — Ple) + (za/z11) (¢ —cf?
+ (z;2/z2) (¢} — &5) (17)
or that
¢ - =8 -+ (z/zn) (¢} — &) (18)

where it is to be noted that ¢} is taken in deviation from ¢} as defined by
Equation (16) and not in deviation from c}”,
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For practical purposes it is not very convenient to start off from an
equilibrium input vector ¢. In fact, this is not necessary. Consider
another (g, p.) combination, say ¢, p2. The ensuing difference from a
conceptual initial equilibrium situation ¢ can be written in a way
analogous to Equation (17) as

Cf - C? = ‘I% - ‘?? + Zezjs Pl ~ Pl + (zpdzy) (1 ~ &)
+ (2222} (3 — &) (19)
with ¢3 defined analogously to Equation (16). Write Ax = x> — x', for x

= c,q,p. Subtract from both sides of Equation (19} the corresponding
sides of Equation (17) to obtain:

Ac; = Aq; + Zezje Apee + (zifza) (A — Aey)

+ (zp/z23) (Acy; — Aly) ji>2 (20)

Here
Acy =BG+ Zezic Apee (21}
A8y = A + Zizae Apee + (221/211) (Acy — Acy) (22)

The next step consists in specifying the delayed adjustments Ac, and
Ac,. For this purpose it is useful to associate the (g%, p2) and (g', pl)
situations with consecutive time positions and to write (q,, p.,) and (g,—1,
Pc.—1), respectively. We will also write Ac;, Agy, &p.e and so on, to
make clear that these symbols indicate shifts over a fixed time period.
The crucial assumption is now that ¢,, moves from ¢, ,_ towards ¢y, only
partiaily:

Acy, =Ky (€15 = C1.-1) (23)
with k; being a speed of adjustment parameter defined on the interval
between zero and one. One next takes first differences on both sides of
Equation (23}

Acy =k Ay, + (1 - 1)) Acy oy (24)
Use of Equation (21) for Acy, gives

Acy, = Ky (Agy, + Eelle: Apeed + (1 — x) Acy (25)

with k, being the speed of adjustment parameter for ¢; (0 < kx; < 1} one
obtains in an analogous way

Acy = K; |AGy + Zezog APeer) + ka{zn/zy): (Acy, — Act))
+ (1 —x2) Acay (26)

The consecutive partial adjustment scheme for ¢, and c; is specifically
appropriate if ¢; is capital and ¢; labour or employment, which is the
case here. With ¢, being capital there is a problem, however, since our
observations refer to gross fixed investment i, and not to the capital

239



Factor demand explanation in the COMET model: G. d’Alcantara and A. P. Barien

240

stock ¢;,. Assuming fixed proportional depreciation these two concepts
are related by the accumulation rule

Acl,=i,—5c',.,_.1 0<d=1 (27)

with & being the rate of depreciation. Taking first differences on both
sides of Equation (27) and rearranging terms results in

A= B¢y — (1 - 0) Acy s (28)
Next, we subtract from both sides of Equation (28) their lagged values
multiplied by (1 — x;):

Af, - (1 - Kl) Al.,_I = AC“ - (1 - é)ACL;_I

= (1 = k) fAcr - — (1 = 8) Acy )]

which can also be written as

Al = [Acy, — (1 = k) Acy 1] = (1= 8) [Acy o = (1 — 1) Acy 4-a]
+ (1 —xy) Al

Using Equation (25) the terms in square brackets can be replaced by
terms in Ag, and Ap,,, yielding after some rearrangement:

Al = ki[Agy, — (1 - 8) Agy g + thlu Apeg

— (1-8) 22104 Apee ] + {1 = K1} Ai, (29)

which forms the basis for the estimation equation.

It is useful to point out the two types of dynamics underlying
investment Equation (29). One stems from the partial adjustment
scheme (23), the other from accumulation rule (27). The first of these is
a behavioural inertia assumption, the other one is of a more technical
kind. As it stands Equation (29) is a variant of the flexible acceleraior
explanation of investment.

The expressions for the other factors or inputs (20) and (26) contain a
term in Acy, — Acy,. To eliminate Ac;, one can start off from Equation
(24) which is transformed as

Acy, = Act, = [(ky = 1)/Ky) (Acy, — Acy—y) (30}
The coefficient (x, — 1)/x, in this expression is nonpositive. This
relation should not be interpreted as a causal explanation. It rather
states that accelerated growth in ¢|, ie Ac), > Acy (. is a symptom of an
increasing discrepancy between actual ¢, and optimal ¢,,. As follows
from Equation (28)

Acy — B¢y -1 = Al — BAcy -,

To simplify matters depreciation of the increase in capital stock is
ignored. Consequently,

Bey = Acr, = [(xi ~ 1)/iy] A, (31)
is used in Equations (20) and (26).
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In symbols,

PPN + 8)],
(PIP(LINGD + 8)]yum

]

with PP, the pricc index of non-residential
fixed investments, L, the long-run interes
rate, measured as a percemage and b, the
constant rate of depreciation which is sct at
0.1.

To eliminate Ag; from Equation (20) basically the same procedure is
used, by specifying

Acy — ALy = [(x2 = 1)/K2) A% ¢y, (32)

Since labour input ¢y, is directly observed Acy is available and no
further transformations are needed.

To summarize the results of this section: the demand equation f~~
fixed capital is turned into one for investment — see Equation (29). The
labour demand equation is written as

Acy = Ky (AGat + DeZza Apug + Kalzavzn), [ — VK] A,
+ (1 -k} A, (33)

while the demand equations for the other inputs are

Acy = Agy + Z-‘z;u Apeg + (Zjllel)r [(xy ~ 1)) Ai,
+ (2p/z22), [(x2 — 1)ix2] A% 0y, j>2 (34)

The next section will associate obscrvable time scries with these
specifications and stipulate the constant coefficients to be estimated.

Parameterization and related issues

The two preceding sections arc of a predominantly theoretical nature.
The next one reports on estimation. This section aims at linking these.
This mcans for instance identifying the theoretical variables with those
of the model and choosing a parameterization of the equations which
allows convenient estimation and comparability across countrics. The
inclusion of supplementary explanatory variables is also dealt with here.

The inputs explained by the factor demand system are: (i) the number
of hours worked per year in the non-government sector, HEN,
indicated by c¢; in the preceding scction; (i) non-residential fixed
investment, IPO, named i, before; (iii) energy, OO, and (iv) non-energy
commodity imports, MGO. The other inputs considercd in the
Appendix — indirect taxes minus subsidies (MIT) and imports of services
(MSO) — are explained outside the context of the factor demand system.
IPO. QO and MGO arc expressed in constant 1970 prices.

The corresponding factor prices are: (i) PH. the average hourly
earnings in the private sector; (ii) V. capital user costs, which takes into
account the purchasing price of the investment good, its interest charges
and its depreciation;’ (iii) P@Q, the price index for energy; and (iv)
PMG, the price index for commodity imports other than energy. All
price indexes are cqual to unity for 1970,

In the factor demand system derived in the preceding sections, the z
are the price coefficients. Two useful constraints have been formulated
for thesc. The first is the symmetry properey: 2;e = 2,;. The second states
that 2, z;;p., = 0. It implies that multiplication of all prices by a common
positive factor will have no effect. Only relative prices matter. It is
known, therefore, as the homogeneity property. Taking both these
properties into account means that instead of having to estimate 4 x 4 =
16 price coefficients, only 6 have to be determined - a considerable
saving in degrees of freedom. A further property to be respected is the
negativity condition, specialized here as z; < 0.
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In the delinition of C,, the aggregate cost
variable, WBU denowes the wage bill,
GOSH the aperating surplus of house-
holds, QU the use of encrgy, MQU. the
non-cnergy commodity imports, all mea-
sured in current prices. Non-residential
fixed investment in constant prices, IPQ, is
multiplied by capital uscr cost, V, (o
represent capital cost. As such, IPO.V is
not the cost of capital services, but also
includes those of capital expansion. The
wage bill, WBU, is multiplicd by the ratio
of non-government cmployment (NP} to
total employment {N} to make it resemble
the non-government wage costs, Those
conventions also apply in Table 2.

242

The z;¢ have the dimension of a quantity concept divided by a price
index. The quantity is expressed in currency units of 1970 and reflects
both the scale and the currency of the economy in question. The z;, are,
therefore, not easily comparable across countries. Rather than
estimating the z;, themselves, we will estimate

Wie = Peju—1 Zjer Peeai- Gy (35)
where C, is a type of aggregate ‘cost’ variable, defined? as

C, = (WBU.NPIN + GOSH + IPO.V + QU + MGU),

It is easily seen that the 1, have no specific dimension and are
comparable in value across countries. It is clear that symmetry infand €
is respected:

Yje = Wi (36)

while, when interpreting the z;, as partial derivatives evaluated for
values of their arguments in ¢ ~ 1, the homogeneity property implics

Zewe=0 (37

To see how the ;. are related to own- or cross-price elasticities note
that

(acj,apc()r = Zier = Wye C:—-l"(ch.r-l ’ Prt“.t—l) (38)

Consequently, the price clasticity is given by

(3€n ¢fd €n pely = Peea—1 Zjed€po

= Yy Ct—l;(pq'.r—l : C;'.r—l)
= ij("wj‘:—l (39)

where w;, = {p,; ¢/C),, ie the share of input j in total costs.

The elasticitics are not constants but vary inversely with w, . They
do not satisfy as such the symmetry property.

The negativity condition implies that 9, < 0. For the ¥, i # /. a
positive sign will indicate substitution, since the increase in the price of
the other input (f) apparently causes a shift away from j towards . When
W, is negative, one has the case of complementarity of inputs  and j.

The speed of adjustment parameters x| and k3, which are positive but
at most as large as one, provide no problem for international
comparability, They will be used as such except for a change in notation,
viz Ky for K, and kg for k.

This choice of constants is next used to rewrite the input demand
equations. Note that expression (38) for the z; implies that

(zilzu)e = (W) (Veoi/Pea1)
(2plz22) = (W22} (PH—1ipgja—1)

Starting with input demand equation (34), we first divide both sides by

ECONOMIC MODELLING April 1984



Factor demand explanation in the COMET model: G. d’Alcantara and A. P. Barten
¢j,—1 and at the same time replace the z,,. The result is

A _ Agp s, Yie  Apcer

Cii—1 Cri—1 Wil Peea-1

i V._ Kg—1
+ ¥ T K gpo,

Y Wi G Ky

PH,_| xy-
+ Yo e Kuo A? HEN,
Y2 Wi— C kg

Next we use the approximation
ACf,’Cj.,_] -~ A fn CR

and analogou-s expressions for the other variables, while also
A* HENJHEN,_, ~ A” ¢n HEN,

is being used. We can then write

A €n ¢, = Agidej—y + [Ze e A €n pe,

i1 Kpr—a
/R wi1 A tn IPO,
Y Kk
-1
¢ ¥z XuT L A? tn HEN)w,, (40)
Ya2 Ky

It is recalled that Ag;, in the first term on the right-hand side is the finite
variant of dg; defined in Equation (8). Therefore

Ag, 1 !
i/ L. 2‘- ﬁj‘l Aﬁr -~ Ei ﬁjl fi.l‘—l Aén fi‘f
Cii—1 Cia-1 Crr-1
f -
= 2 By Ly Atn f,
C;'.r—l

with f, being a category of final demand (private consumption,
government consumption of goods and services, and so on) while the f;
are the input contents — see the Appendix. The factor fi,-\/c;,_; by
which the p;; are multiplicd is fixed at its value for 1 — 1 = 1970. Thus,
Aqylec;, ) Is approximately equal to

AtnF, = 3 B, fitor0 A n f,
€4.1970

Integrated versions of this concept are also being used:

€n F:i: = Ei Bjif';wﬂ &n £,

€;.1970

The input demand equations (40} are then written as
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Adnc = AlnF+ [Zo e Abn pg

. Kp—1
+ Wi Xx Wi, A tn IPO,
Yu Kg
Kg 1 -
+ Yz Kn Wi A% €n HENw,,_, (41)
Y22 Ky

Expressions of the same type, mutatis mutandis, are valid when A ¢n
HEN, and A €n IPO, are the dependent variables.

Unitil this far the production system was formulated without explicitly
accounting for technical change. As a first approximation technological
innovation can be represented under the form of an exponential trend.
As far as our equations are in first differences of logarithms, which is the
case when Afn HEN, Atn QO, and Aén MGO, are dependent
variables, the introduction of such a trend amounts to the insertion of an
intercept «,;. A negative value for this constant means that technica
change has resulted in saving on input j. It is, of course, possible that
technical change saves on one input and uses more of another one,

The introduction of a technological trend in the equation for capital
formation deserves special attention. The analogue of (41) for this input
as derived from Equation (29) is

A €1 IPO, = xx (A €n FIO, — (1 = 8)A ¢n FIO,_,]
+ Kg sz Ve (A €npeee — (1 — O)A €n Peta—)VWg
+ (1 = kA €n IPO, (42)

Remembering that gross investment is close to being a first difference in
capital stock and A €x IPO, is a first difference in the logarithm of gross
investment, Equation (42) is virtually in second differences in capital as
a production factor. To bring it on the same footing as the other input
equations, the equation is integrated over time on both sides. This
involves an integration constant which is specified as

Cope + Ot + 0op (fn DUC,._! - (1 - 6) En DUC.._z)
to capture both technological change and the degree of utilization of
capacity (DUC) which in the COMET context is an important

adjustment modifying variable. The resulting equation reads

€n IPO, = opx + Kk [En FIO, — (1 — 8) tn FIO,_]

4

Kg [Ee Yxe (€n pee — (1 — 0) {n Pre.z—i)]f“’x.r—l
+ (1 - Kx)n IPO,_| + ot + aax (En DUC,_,
~ (1 - 8}n DUC,_,) (43)

After all these preliminaries we are now ready for an empirical
application of these specifications.

Estimation results

The system of equations derived in the preceding subsections is
recapitulated as follows
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A €n HEN, = oy + Ky (fﬂ FNO, — {n FNO,-;)!Z

+ Ky (26 Ve A €1 peoy + (Wnaxx) [(x — Dixg] WK,_, Atn
IPOYWH,_; + (1 —xp) A £n HEN, -, (44)

A fn IPO, = Mox + Ky {fn FIO; - (I - 6) &n F]Or_] — {n IPO;_]]

+ Ky ]Ze Yre [€n peec — (1 — 8) €n p‘.m_,]}lWKq
+ oyl oy [fﬂ DUC,_I - (1 - 6) &n DUC,_z] (45)

A €n QO, = o + Aén FQO,

+ {ZeWoe A tn pee + (WoxPik) [(kx — Dick]WK,_, A &n IPO,
F (WouPu) [(ky — 1)k, WH,_, AZén HENYWO,_| (48)

A €n MGO; = gpy + Aén FMGO;

+ (Ze Yae AL peee + (WaklPix) [(Kx — 1VxxIWK,_, A €n IPO,
+ (wM.Hh'pHH) [(th - I)IKH]WHI_I Azfn HEN,}/WM,._I (47)

Table 2 facilitates tracing the correspondence between the various sets
of symbols.

On the whole Equations (44)-(47) are simple transcriptions of
Equations (41) and (43). The exception is the replacement of A €r FNO,
by

(A €n FNO, + A &n FNO,_,)/2 = (€n FNO, — &n FNO,_))2

in Equation (44} to account for a smoothing of the labour requirement
effect. Note that the use of A é€n fPO, as a dependent variable in
Equation (45) rather than €n IPO, as in Equation (43) is the result of a
simple rearrangement of terms.

In view of the symmetry and homogeneity conditions, the following
constraints are imposed on the ,:

Wi = Wuks You = Yro: Yuu = Yuu = —(Wuu+ Vux + Vi)
Yox = Wko» Uux = Wem = —(ux + Yrx + Vo)
Yuo = You = —(Wue + Yo + Yoo)
Uarse = Wan + Wik + Yoo + 2(Wux + Yo + Yig)
The ‘independent’ e are Py, Yk, Yoo, Yk, Yie and Ygo which
all appear in two or more of the equations. This calls for simultaneous

estimation of Equations (44) to (47) together. Note that Wyxx occurs in a
non-linear form in three of the four equations. This caused problems for

Table 2. Correspondence of symbals.

4 Pee Fe w,

H PH NG WH . (WBU.NFIN + GOSHYC
X 1% FIO WK : {IPO.VIC

[#] Pa Fao wa . Quc

L) FMG FMGQ WM . MGLFC
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estimation for 6 of the 13 country models. In those cases Yxx was fixed
at — WK 970. This means that the own-price elasticity of capital input for
1971 was set at —1.

Also, k;; and k¢ appear in all equations and in a nonlinear fashion. To
keep estimation under control too, their values have been « priori set at
0.7 for k;; and 0.3 for k. The lower value for the speed of adjustment
for capital reflects the relative inertia (as compared to employment) to
move to its equilibrium value. No attempt was made to estimate 8, the
rate of depreciation. It was set uniformly at 10% per year.

The remaining unknown coefficients have been estimated by a joint
estimation procedure. The statistical feedback of the dependent
variables on the variables on the right-hand side of the equations has
been ignored. The resulting inconsistency is the price to be paid to
benefit from the restrictions across equations while not complicating
estimation too much. The restrictions will also act as a safety net to
prevent excessive small sample bias. For most countries the sample
period was 1955-1979. For HE and PO, however, 1955-1976 was used.
while the results for ES are based on the data for 1957-1981.

Table 3 presents the estimation results. For each country, ie per block
of four equations, 12 coefficients had to be determined. Their point
estimates, with their estimated standard errors in parentheses below,
are given row by row. For historical reasons the order of the countries is
different from that in Table 1. As can be seen from Table 3, yxx had to
be assigned an a priori value 6 times, Ypp and ayx cach once. The

Table 3. Estimation results for coefficlents factor demand module 1955-1973.*

Country Xomt fox Xog out Yrn Wax WK WYua ¥xo Yoa L1 iz
[1]:) -0.057 1.199 -0.017 0.1 -0.167 0.139 =0.145 0.003 0.002 —0.000 0.006 1.218
0.041)  (0.044) [0.053} {0,053 (0.152) [0.036) b {0.025) {0.014) {0.010}  (0.0086} {1.819)
FR —0.051 1.2 —-0.004 -0.035 -0.143 0.107 ~0.140 0.009 0.006 =0.002 0.013 2721
{0.040}  (0.048} {0.067)  (0.080)  (0.103) (0.037) b {00200 [0.010)  (0.008) {0.006) {3.191}
T -0.057 2.343 0.;2 0.003 -0.111 0.100 -0.128 0.001 2.001 —0.004 0.008 2136
{0.041}  {0.046) 10.043) (0.054] {0.153}  {0.136) 10.174) (0.006] [0.007) (0.007) {0.006} {2.066)
ML -0.045 0.739 0016 ~0.001 -0.104 0.089 -0.122 0.005 0.001 -0.003 0.008 1.821
{0.045)  [0.047) (0.061) {0.073) {0.211}  {0.066] b (0.036] [@.015) (0.078)  {0.006} {1.876)
BE -0.048 1.395 -0.014 -0.026 —.1a4 0.064 =009 0.003 ~0.003 -0.003 0.011 0.3
(0.048) (0.049) (0.060} {0.096) (0.293) [0.088} b {0.032} {0.018) (0.0t} {0.066) (1.887)
UK -0.033 2.297 0.008 -0.007 -0.117 0.098 0.113 -0.008 -0.001 —0.003 0.008 0.702
{¢.0a1  (0.046) {0.056) 0.069) ©.129)  (0.071) b 0.029) {0.026} {0.013) {0.006) (2.225}
IR —0.046 1.528 0.024 0.012 —0.109 0.132 —0.174 =0.002 —0.003 -0.004 0.019 0.036
{0.041)  (0.045} {0.0439) (0.050} (0.2001 (0.159) {0.199) (0.020) [0.011} (0.008) 10.006) {1.696}
DK -0.039 0.708 0.026 —0.042 -0.119 0.083 -0.140 —0.006 -0.003 -0.0086 0.015 1.436
{0.043)  {0.047) (0.072}  {0.084) {0.225} {0.157) {0.301}  (0.023) (0.014)  (C.008) (0.006}  (2.041)
us —0.020 1.203 0.020 0.019 -.133 0.127 -0.134 -0.003 0.005 -0.003 Q.010 1.049
0.040) (0.044) {0.046) [0.G51) (0,03 {0.0161 b {0.012} (0.012} {0.006)  (0.008} [2.028)
JA -0.088 2.541 -0.003 -0.027 =-0.160 0.178 =0.185 -0.008 0.004 -0.000 0.024 2.758
(0.0441  {0.054) {0.054) (0.069) ©.231)  (0.241) 0.262) 10.012) (0.008) {0.004} {0.008) [1.635)
HE —0.056 0.898 0.064 D.00m -0.137 0.134 -0.170 -0.014 0.008 -0.001 0.026 0.200
{0.046)  {0.066) [0.067] (0.073} (0.144)  (0.116}) {0.139]) (0.015} {0.009) {0.006} (0.007) b
PO -0.053 0820 0.024 0029 -0.154 0153  -0,169  0.008 -0007 -0.001 0.014  0.788
{0.048) (0.077) (0.060} {0.062} {0.219}  (0.205) {0.229} (0.015) 0.0 b [0.008} {1.636!
ES —0.049 1.521 0.088 -0.055 -0.182 0.118 -0.128 -0.010 -0.002 -0.001 0.021 1.780
(0.041)  [0.044) (0.083) {0.073) {0123 (0.117) (0,129} (0.075) {0.006) (0.605)  (0.007} {2.116}
Mean, stand- --0.049 1.414 0.0%9 —-0.010 -0,137 0117 —{1.143 —0.002 0.001 -0.002 0.014 1.336
ard deviation {0.015} {0.598) {0.028) (0.025) 10.023) {0.030} (0.025) {0.007) {0.004) 0.002) {0.006) 10.840}
*Sample peried : HE, PO : 19585-1976; £5 : 19571987,

SAssigned, ie not estimated, vatue.
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bottom row of this table gives the unweighted means of the coefficient
estimates across countries together with their standard deviation. With
some exceptions, the point estimates are within a rather narrow range.

The values for Yua, Y&, Yoo and the implied ones for Y, are all
negative to conform with the negativity condition. The Yy, Yxx and
Yy are all relatively large in absolute value. Demand for labour and
capital appears to be price sensitive. The substitution between capital
and labour turns out to be surprisingly strong, witnessing the positive
sign of W, k. Energy and non-energy commodity demand have weak
price responses. There is also not a clear pattern of substitution or
complementarity between labour and these two input categories,
between capital and energy and between energy and imports. The
implied values for Y are all positive but smail, indicating a weak
tendency for mutual substitutability between capital and imports, Own-
and cross-price elasticities obtained by Equation (39) for 1980 are given
in Table 5.

As is clear from Table 3, all countries display labour-saving technical
change (o < 0). On average there is a trendlike loss of 5% in working
hours annually. This holds for all non-government employment and not
only for manufacturing. This type of labour saving is most outspoken for
JA and weakest for US. The corresponding concept for capital is
represented by the value of «yx. This coefficient is positive, and
between 1% and 2% per year. Technical change appears to be capital
using. The results for energy and non-energy commeodity imports (xog,
o) are mixed and weak. It is not.easy to make firm statements about
the peneral saving or using nature of technical change for these inputs.

With a few exceptions the effect of the degree of capacity utilization
on investment activity has shown up. The standard errors are relatively
large, however, and one cannot say that it is indispensable for the
explanation of investment. What matters, though, is that the model
contains the mechanism by which deviations from normal capacity
utilization are corrected by investment activity.

As Table 4 shows, the standard errors of regression of the
c¢mployment equation range from 2% for FR and UK to 7% for JA.
This is not a very close fit. This quantity was less than 1% in the COM-
ET II model (see Barten et af [1]). The difference is not only due to the
fact that here the sample period contains data for the late 1970s with
greater variability, but also to the fact that the employment equation is
estimated together with the other equations of the module. It is not the

Table 4. Statistical performance measures, factor demand modulae.

Standard error of regression Durbin—Watson statistic
Country

H K Q M H K a M
DB 0.034 0.051 0.024 0.027 1.246 1.243 1.594 2.418
FR 0.020 0.023 0.038 0.049 1.650 1.248 2.673 219
iT 0.065 0066 0.035 0.064 2.238 1.445 1829 2.459
ML 0.030 0.052 0.061 0.027 1.612 1.940 1.805 2.404
BE 0.030 0.052 0.040 0.029 2.132 1.462 1.7086 1.932
UK 0.020 0.034 0.034 D.042 2.124 1.804 1.406 2.302
IR 0.041 0.096 0.006 0.052 1.448 1.642 2.622 2.730
DK 0.027 0.047 0.0567 0.037 1.932 1.927 2.009 2.620
Us 0.027 Q.057 0.025 0.059 2.017 1.138 1.710 2,299
JA 0.068 0.077 0.035 0.080 0.957 1.272 1.940 2415
HE 0.036 0.139 0.0B6 0.073 2.125 1.586 2550 2.198
PO 0.040 0.078 0.0688 0.110 +.362 0.919 2.544 2.626
ES 0.030 0.085 0.063 0.088 1.676 1.0 1.539 14156
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standard error of regression of the employment equation which is
minimized, but the determinant of the covariance matrix of the
disturbances for all four equations. Here, price effects and dynamics of
the various equations are intertwined. An improvement in fit for one
equation can imply a reduction in fit for another one. A similar
interconnection underlies the Durbin—Watson indicator of autocorrela-
tion. By increasing the value kx from 0.7 to 0.9 one would have moved
the DW for investment up to values closer to 2 but at the expense of
values of DW strongly above 2 for non-energy commodity imports. The

Table 5. Own- and cross-price elasticities of factor demand for 1580 and cost shares of 1973.

Country # H K (o] M Wirore
DB H -0.256 0.213 0.004 0.038 0.685
K 1.161 -1.206" 0.015 0.029 0.120
a 0.034 0.023 —0.000 0.058 0.077
M Q170 0.024 -0.030 -0.164 0.147
FR H -0.213 0.159 -0.013 0.067 0.675
K 0.833 —-1.092* 0.047 0.211 0.128
a -0.199 0.136 -0.045 0.110 0.045
M 0.293 0.178 0.035 —-0.509 Q.152
IT H «~0.173 0.167 0.002 0.014 (.641
.4 0.885 -1.129 0.013 0.232 113
Q 0.020 0.02% —-0.053 a9.0M 5.067
M 0.050 0.147 0.004 -0.202 .79
NL H -0.213 0.183 0.011 0019 0487
X 0.850 -1.288° 0.013 0.334 .09
Q 0.035 0.008 -0.017 ~0.026 0.149
M 0.034 0.116 -0.014 -0.136 0.270
BE H -0.376 0122 0.005 0.149 0.623
[ 4 0.643 -1.058* -(.028 0.483 0.089
a 0.043 -0.043 —-0.046 0.045 0.065
M (4.248 0.153 3.009 -0.410 0.313
UK H -{.199 0.166 -0.014 0.047 n.588
K 3,782 ~0.901* -0.012 0.3 0.125
Q -0.076 -0.013 =-0.031 0,119 .11
M 0,155 0.936 0.07% —~0.324 0.176
IR H -0.239 0.289 -0.005 —~0.044 0.456
K 0.938 -1.237 ~0.024 0.323 0.140
Q -0.089 -D.053 —-0.0689 0.151 0.063
M -{.059 0.133 -0.028 -0.102 0.222
DK H -~0.208 0.145 -0.010 0.073 0.573
K 0.563 ~0.948 =0.021 0.403 0.148
[#] -0.099 -0.053 ~0.113 0.265 0.057
%) 0.188 0.289 0.088 -0.525 0.222
us H -0.188 0.376 —-0.004 0.013 0718
K 1.133 -1.197* 0.045 0.018 0.112
a -0.024 0.045 -0.024 0.003 0115
M 0173 0.036 0.007 —-0.215 0.055
JA H -0.223 0.249 -0.011 -0.014 0.718
K 1.041 -1.136 0.023 0,072 0N
Q -0.166 0.082 —-0.003 0.088 0.049
M -0.160 0,188 0.069 -0.107 0.062
HE H -0,188 0.196 -0.021 0.024 {.685
.4 1.284 —1.604 0.077 0.283 0.106
Q -0.229 0.130 -0.017 3.116 0.063
M 0.133 D192 0,050 -0.355 0.146
PO H -0.237 0.236 0.012 -3.0M 0.652
K 1.282 -1.419 -0.055 0.192 0.120
Q 0.199 =0.170 —0.025* -0.007 0.03%
M -0.036 0.122 —-0.001 -{0.084 0.189
ES H -0.273 0177 ~0.015 a1 0.566
K 0.768 —-0.763 -0.0M 0.046 0.167
Q --0.136 —-0.003 -0.016 8163 0.072
M 0.184 0.082 D.118 -0.983 0.095

*Based on preassigned value for ;.
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present picture for DW is satisfactory on tb - whole. The - 1dency of
positive autocorrelation for the investment equation is difficult to
eliminate. Likewise, the standard errors of regression are, on the whole,
not abnormally high for the type of activities explained. They are larger
than one would have obtained with estimation of each equation
separately, but this price for cohcrence and interpretability is willingly
paid.

The elasticities of Table 5 give us an overall impression of the price
effects per country. The entries are per row the elasticity of the demand
for an input with respect to the price of labour (H), of capital (K), of
energy (Q) and of non-energy commodity imports (M). The own-price
elasticity for capital varies around unity. For six of the 13 cases this is so
by construction. For DB and IT all inputs are substitutes, because all
cross-price ¢lasticitics are positive. The apparent predominance of
substitution is in part a formal matter. It follows from the homogeneity
condition that there be at least one cross elasticity positive since the
own-price elasticity is negative. This property is easily verified in Table
5. This table also shows that negative cross-price elasticities, ie
complementarity, occur in all but two cases when energy is involved. As
is to be expected, energy tends to be a complementary input. The
own-price elasticity for energy is in absolute valuc the smallest among
the own-price elasticities. The majority of cross-price elasticities are also
close to zero. The peneral impression is that price sensitivity of input
demand is not too strong.

Conclusions

The results reported in the preceding section refer to a formulation of
input demand functions which was the outcome of a series of steps of
specifications, which were inspired by the desire to have an internally
coherent subset of input equations, which display reasonably realistic
dynamics, while keeping the number of parameters to be estimated low
and maintaining a certain degree of comparability across countries.
Coherence was obtained by starting from cost minimization with a single
multi-output/multi-input production function and accounting for the
spillover effects of incomplete adjustment. The two-step partial
adjustment process has made it possible to introduce realistic dynamics
without sacrificing coherence. The use of theoretical restrictions on the
1 parameters and input-output information for the input contents of the
various kinds of output has ted to a relatively small number of
parameters to be estimated. The chosen parameterization has resulted
in point estimates which display surprisingly little varnation across
countries, which contributed to the objective of comparability. The
price for these advantages is the reduced flexibility of each equation to
fit the data of the sample. In the case of this module the advantages
appear to be well worth this price.
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Appendix

Primary input contents

This appendix explains how an input—output table is used
to deduce the amount of each type of primary input
needed to produce a unit of final demand output.

For a particular year an input-output table shows what
each industry has used for primary inputs and products of
other industries and how the product of each industry has
been allocated over the other industries and their final
uses {eg consumption, exports). For that year the
following relation holds:

x=Ax+d (Al)

where x is the vector of production levels for each of the n
industries and d is the n-vector of final uses per industry,
The 1 X n matrix A is the matrix of ‘technical coefficients'
which can be deduced from the input-output table. If /.4
is a non-singular matrix, a not very restrictive assumption,
Equation (A1) can also be written as:

x=(-A)y'd (A2)

which shows the production vector needed to satisfy a
given vector of final uses.

Frem the input-output table cne can aiso deduce the g
X n matrix C which shows how much primary inputs are
needed per unit of output. Otherwise formulated:

c=Cx (A3)

where ¢ is the g-vector of primary inputs (eg labour,
capital services). By definition, v}, A + }, C = |}, where 1,
and (, are #- and g-vectors, respectively, of alt elements
equal to unity {summation vectors). Said otherwise, the
elements of a column of A together with the elements of
the same column of C add up to one. One can aiso write
Ly € =, (I-A).

Another piece of information which can be obtained
from an input-cutput table is the allocation of the industry
output for final uses over the different types of final
demand like private and collective consumption, invest-
ment in fixed assets and stocks, exports. Let f be the
p-vector of the totals of final demand, then the n x p
matrix F satisfies the relation

d=Ff (A4)
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Note that by definition the columns of Fadd up to one, ie
1 F= I.;,
Combining Equations (A2). (A3) and {A4) one has:

c=C(l-A)" Ff = Bf (AS5)

where B is the ¢ X p matrix C(-A)7'F. 1ts element B
indicates how much of an input { is nceded to generate a
unit of final demand j. This element is the desired primary
input content.

A few remarks about B are useful. Since matrices C,
(-A)~' and F are all matrices with only non-negative
elements also all elements of B, the fi;, are nat negative,
and usually positive. Note also that the columns of B add
up to unity. Indeed one has:

B = ¢ C(l-A) F
= LA (FFAY T E
=1, F=q

The matrix B, as it has been derived here, holds only for
the year for which the input-output table is valid.
However, as far as changes occur they will be gradual and
minor. Even if for other years B is not strictly valid, it still
contains so much information not otherwise available that
not to use it would be a waste. For this rcason relation
(AS) plays a role in the determination of factor demands.

The numerical derivation of B is fairly straightforward if
the appropriate input-output tables are available, The
Statistical Office of the European Communities provided
B matrices for DB, IT, NL, BE, UK and DK for 1970. On
the final demand side the following components are
distinguished

Household consumption CrU
Government consumption of goods and servicesCGU
Nonresidential investment . Py
Investment in residential construction IRU
Total stockbuilding STU
Export of poods XGU
Export of services Xsu

followed by the symbols of the corresponding COMET
variables in current prices. There are cight types of
primary units, namely:

Compensation of employees L 4:17)
Operating surplus GOST

ECONOMIC MODELLING April 1984



Factor demand explanation in the COMET model: G. d’Alcantara and A. P. Barten

Table 6. Input contents, LK, 1970,

crPU ceY iPU RU STU XGU XSU
H 0.570 0.B21 0.581 0.735 0.336 0.611 0.480
.4 0.102 0.032 0.078 0.079 0.070 0.087 0,126
NIT 0.148 0.074 0.065 0.080 0.158 0111 0.061
MGU 0.143 0.047 0.277 0.076 0.375 0,145 0,033
MsU 0.017 0.019 0.021 0.00% 0.012 0.0 0.262
Mau 0.019 0.008 0.010 0.019 0.047 0.025 0.038

Consumption of fixed captial or total depreciation DPU

Indirect taxes IT
Subsidies (with a minus) SUB
Imports of non-energy goods MGU
Imports of services M3U
Imports of total energy MQU

The factor demand module actually distinguishes only four
inputs: labour, services of fixed assets, imports of
non-energy geods and (imports of) total energy. Impoits
of services and taxes and subsidies are treated differently.
Among the eight types of primary inputs, WBU and DPU
are directly attributed to H, costs of labour, and to K, capi-
tal user costs, respectively. GOST represents in part labour
income (eg of independents) and in part property income.
Its row was assigned to that of H and X in accordance with
the share of GOSH, the gross operating surplus of
houscholds, in GOST. This assumes that all non-wage
income of households is (self-employed) labour income,
clearly overstating the actual state of affairs, which,
however, is not known. Since GOSH per output category
is not available, the average share was used. Indirect taxes
and subsidies are consolidated into MIT = IT — SUR, The
corresponding row is obtained by subtracting the one for
SUB from the one for IT. By way of illustration, the
tesulting 6 X 7 matix for UK is shown in Table 6.

The columns of this B matrix add up to one, apart from
the presence of rounding errors. One may note the
considerable variation of input contents per row. For
example, /P requires twice as much commodity imports
as XGU or CPU, while CGU clearly shows its labour
intensity.

For FR too a B table was supplied by SOEC, but the
rows for WBU, GOST, DPU, IT and (minus)SUB were
consolidated into a single one. This row was allocated to
the H, K, NIT rows using the same proportion per column
as that for DB.

For the other countries, namely IR, US, JA, HE, PO
and ES, no B matrices were available with the same type
of subdivision as that for the other countries. Consequent-
ly, these matrices were constructed using the RAS method
(see Stone and Brown [3]). This method requires
knowledge of the marginal totals of the matrix to be
constructed. This was supplied by the relations already
derived above, namely LB = L, and ¢ = Bf. In the latter
relation ¢ and f were given the values of the input and
output categories for 1970 for the country in question. In
particular, NIT = IT — SUB, H= WBU + GOSHand K
= YU — H — NIT was used next 10 the available data on
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MGU, MSU and MQU. The RAS method also needs a
starting matrix. For this putpose a B matrix was used of
another country which was believed to have a similar
production structure. Thus, the B matrix of DB was used
as starting matrix for US and JA, that of BE was used for
IR, while the IT matrix served as starting matrix for HE,
PO and ES.

Al these calculations resulted in thirteen 6 X 7 tables of
input contents like Table 6. It would take too much space
to reproduce these here, but to make some comparisons
Table 7 gives the non-energy commodity import and
labour contents of commodity exports for all countries.

There appears to be considerable variation across
countries. US and BE are extremes. US exports have the
highest labour content and smallest import content, while
for BE it is the other way around. Small economies do not
necessarily have high import contents. In general, the
labour contents are high when import cantents are low and
vice versa. One can expect an export impulse to generate
quite a different reaction across countries.

The results of Table 7 in a way represent average rather
than marginal contents. In a linear homogeneous
framework like input—cutput analysis, there is no distinc-
tion between the two, but in practice one may expect a
difference. The calculated input contents are, moreover,
1970 values, reflecting 1970 prices and 1970 technology.
Since then, relative prices have changed (eg energy prices)
and technology has aiso continued its labour saving trend.
In spite of all these qualifications, the calculated B
matrices can be taken to reflect at least the order of
magnitude of the various input contents and are as such of
precious empirical value.

Tabla?. Non-snergy commuodity import {MGU} and labour (H} input
contents of commadity exports {XGU, 1970,

MGU H
o]:] 0.156 0.615
FR 0.155 0.622
T 0.163 0.623
NL 0.318 0.474
BE 0.395 0,430
UK 0.145 611
IR 0.341 {.464
DK 0.279 0.568
Us 0.033 0
JA 0.053 0.617
HE 0.108 0.671
PO 0.189 0.587
ES 0.105 0.669
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