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SKILL DEMAND AND FACTOR SUBSTITUTION
research programme in Human Resources. Any opinions expressed
here are those of the author(s} and not those of the Centre for Economic
Policy Research. Research disseminated by CEPR may include views on
policy, but the Centre itself takes no institutional policy positions.

This Discussion Paper is issued under the auspices of the Centre’s

circulated to encourage discussion and comment. Citation and use of

private educational charity, to promote indspendent anailysis and public
such a paper should lake account of its provisional character.

discussion of open eccnomies and the relations among them. It is
analysis of medium- and long-run policy questions. institutional (core}

finance for the Centre has been provided through major grants from the
Economic and Sosial Besearch Council, under which an ESRC Resource
Centre operates within CEPR; the Esmee Fairbairn Charitable Trust; and

the Bank of England. These organizations do not give prior review to the
Cenire’'s publications, nor do they necessarly endarse the views

expressed theremn.
These Discussion Papers often represent preliminary or incomplete work,

The Centre for Economic Policy Research was established in 1983 as a
pluralist and nen-partisan, bringing economic research to bear on the
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ABSTRACT

Skill Demand and Factor Substitution”

The aim of this paper is to empirically evaluate the relative importance of the
various factors likely to have influenced the demand for skilled and unskilled
labour in France, over the period 1962-88. Our approach is macroeconomic,
and we essentially deal with technology choice, that is factor productivity over
the long run. We estimate a system of three equations, with a dynamic
formulation of the error correction type. The mamn aim is to estimate price
elasticities, and direct and cross partial elasficities of substitution between
different factors, especially those related to skilled and unskilled labour.
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modet is that when the partial elasticities of substitution between skilled labour
and energy and/or capital are not identical to those for unskilled labour, then
the same change in relative skilled/unskilled wages has different
consequences on the relative demand for skilled/unskilled labour demand,
according to which category of wages is responsible for the change. Similarly,
another conclusion is that a general increase in wage levels (with unchanged
relative wages) has different effects on skilled and unsldlled labour.

Our main conclusions are as follows. Over the last 30 years, exogenous
technical progress has had a systematic negative effect on the demand for
unskilled labour. Surprisingly, however, this negative influence is much less
powerful after 1974. Skilled and unskilled labour are substitutes, but they are
also substitutes with energy and capital, The partial elasticity of substitution
between labour and capital is about the same for both categories of labour, but
energy prices affect the demand for the two types of Iabour differently.
Demand for both capital and energy have low own-price elasticities.

Finally, based on our estimated elasticities, and assuming a constant output
level, we calculate that in order for the demand for unskilled labour to grow at
the same rate as its supply over this period, the growth of unskilled real wage
costs should have been limited to 0.92% per year instead of the aclual 2.56%.
The corresponding figures for skilled labour are 1.16% instead of 2.07%.
Similar results are obtained when looking at relative unskilled/skilled
employment, where variations in output level have no impact. For relative
unskilled/skilled employment to have grown in line with relative supply, a 20%
reduction in relative unskilied wages would have been necessary (i.e. a fall to
the level of the mid-1860s). Social security contributions represent a significant
part of wage costs. Their proportion has increased regularly over the last 20
years, from 40% in 1973 to more than 65% in 1989. We therefare underline
the possibility of achieving the required reduction in wage costs, at least partly,
by a change in the mode of financing the social security system.
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m disindustriafisation.

The awn of this paper 15 to empirically evaluate the relstive importance of the various factors
likely to have influenced the demand for skilled snd unskilled labour i France, over the penod 1862-
1988, Our approach witl be macroeconomic. For want of a better reason, many aggregate studies have
so far been based on a distinction between manual and non-manual workers. However, this distinction
can only shed some light on the problem of skill mismatch at the aggregate level, insofar as the state of
the manufactunng sector constitutes the most important element of the problem. Given the growmng
mmportance of the service sector howevet, one can envisoge that the relntive incrense 1 non-manial
labour may reflect a shift of labour from the secondary to the tertinry sector (the second category of
factors mentioned above), Just s much as it may reflect substitution within the manufacturiag sector
(fizst category). In this case, the interpretotion of series such as the relative manual/non-manual
wages 15 problematic; rather than reflecting a change 1n refative skilled funskilled wages, o fall may be
the resuit of the fact that at a given skill level, productivity and wages are lower in the service sector
than in the manufactunag sector. To avold these difficulties, and have a skilled funskilled classification
which corresponds better to the skili eriterion, this study uses a classification of emplovment based on
statistics on employment, unemployment and wages by professional occupation, published by INSEE,
The skiiled worker group corresponds to professional and managenal workers {categories 3 and 4
of the employment surveys): the unskilled group corresponds to employees and blue collar workers,
plus farmers and craftmen {categones {, 2, 5 and §). Unemployed workers are grouped according to
their previous cccupation; those who never waorked before are regarded as unskilied (for details see
Sneessens(1693}}

The paper 15 organised as follows. The theoretical model 15 presented in section 2. Shephard’s
jermma 15 used to denve the demand for factors of production from a cost funetion. The undeslying
production function has four factors: unskilied labour, skilled labour, energy and capital. The form
that we retamn 1s close to that cbtained from a trans-log cost function. The datn and the resuits are

described in sections 3 and 4 respectively. Section 5 summanses the main conclusions.

(33
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The firm choses its production technology 5o as to minimse its costs. Followmg Shepard's lemma,
we know that the demand for each factor per unit of output is given by the correspending first partial

derivative of the cost function. Thus, the demand for unskitled labour for example, 15 obtained ns

follows:
L, 8C()
T aw, (1
= ay (W, Wy, P, 1}

Similar expressicns hold for the other factors. Loglineansation of the above expression leads to

the following form:

W,
)t Tualog{

W,

Ly . P, v .,
.sa.ﬂ = est + Nuulog( ﬂu + ?Loﬁtﬁl + q_,,__mneflvu (23

with 1, <0 and Mafno for homogeneity
I

where the f4,'s, 7 € {u,5,e,k}, are price elasticities for & mven level of output. We have used
homogeneity to rewrite (2} in terms of real rather than nominel costs. For a given tevel of output, there
1s n direct reintionship between price elasticities and the partial elasticities of substitution denoted by
Oujs Tuy = Oyy-8j, Whese 5, is the share of input j in total output value (see Hammermesh(1986)).
Similar expressions ate derived from the demand functions of other factors, Two factors of production
are called p-substitutes, if 75, > 0 { and thercfore oz, > 0}, and p-complements if the mverse 5 true.
Note that the matrix of the parbial elasticities of substitution 15 symmetric (g, = &}, but that the
matrix of price elasticities 15 not so in genersl {ie. mi; # 7y, 10 general) Finally, note that the mputs
can all be p-substitutes, but they cannot alf be p-complements.

Adjustment costs obviously imply lags it adjustment, and we will aliow for this by sntroducing an
error cosrection mechanism n the empirical section®. We still need to deal with three other problems:
technical progress, the cost of capital, and the use of expressions in terms of value-added rather than

output.

2When there are adjustiment costs, the question of the choice of techniology through cost ramsmisation
becomes an mtertemporal problem. To be nigorous, one should therefore use the Euler conditions
relnted to this problems, rather than the first order conditions of the static case, and allow for expecta-
tions of future costs (see for example Pfann-Palm(1983)). The extension of this approach to o madel

with four inputs remains for future research.

AlogS, | AlegS, | MogS.

Constant —0.6436] —5.7153 | —1.593
(0,2675) | (0.7738) | {B.8846)
AT 574 —0.0385| 0.0115%] 0.0050%
(0.06892) § (0.0167)| (0.GL5D)
A DI My - —0.0481 .
{00126}
DI Mgy - —{.0493 -
(9.0120)
IANDUL 0.1479%| —0.4652 -
(03614} | (01312
DL, 0.1479%] ~D.4652 ,

(0.3614) | {0.1312%

A log i 1-0.4223( 0.38631] 0.4945t
n (0.:714)]  (0.3242) (0.2906)
AlngiE: 6.3120 {1.0.7289] 0.6005
- {6.1130) {0.1958) | {62233}
Alog 4= —0.0896]—-0,06411[1-0.1378

{80148} | (D.3780) {6.0270

Brror Correction Coefficient 0.3976 | 1.6829 | 0.6965
(0.1404) | (0.1643} § (0.1340)

R? 0.84 0.88 0.93
D 2.58 2.03 1.52
3 EE(%) .65 0.70 1,32
Residuat S 1.00 -0.24 -0.20
Correlation 5 1.00 +0.19
matrix Se 1,00

t=not significantly diffecent from zera.
Additional instruments (in logsp: Dt DR, AlogX Wy and log X Wiy,
Table 10:Estimated coefficients under hypothesis (i),
least a 2.5% per year to stabilise unskilled employment (the observed average rate since 1973 is
2.4%3. However, the negative infiuence of technical progress appears much jess powerful after
1974,than dusing the twelve years before. This result strilkes as surprising ¢ priar, given that it s
after 1974 thint we observe successive increases in unskilled unemployment rate. But we may
wterpret it os follows: The estimated effects of technical progress m fact cover two types of exoge-
nous shock mentioned in the mtroduction, technical progress strctly speaking, and effects due to
compositicn. There hos been a sharp increase n the relative importance of the tertiary sector since
1574, which may explam the slowdown mn cbserved average productivity.
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it for the real cost of capital, we get:

W,

mu."
P +mnbhc,qﬂ; (a3

v W,
m»bh@ﬂ = l?:bhomsm + s.Aley

Lu

- {s,lag T

L B K
+ mubr@.@w + sellogi; + .w_.,bhé.mlaw
where s; 15 the share of factor j in total output value, and M“q 5; = 1. Substituting the expressions
(3) for technicnl coefficients in {5), snd using the homogeneity constraat, we get:

¥ W, w, j:)
sellog = g6+ SalVu = E@Iw[_ + 5el7s — Alog— |+ selve - .ﬁéwcm_ (8}

If we assume shat ali pnce elasticities m {3) are constant, we can reparameterise the coeffinients, by
USING 7y = 0y4.5,, ond setting the s;'s at their sample means 3;. Afl the tests of hypothesis reported
later(symmetry, etc ... }, will therefore be based on the corresponding ai,'s. Substituting (6) (in

levels} i (3}, we get:

[l Lo o t t lhmm\h.ﬁq — Gukidale E.lq - »m;hoz.Wm {Ta)

og- = €5t — Yot + {Ouu — Fur )ty g7 {0 — Furiaiel ue = Tukelogg
L W, ¥, R

log<# = cst — 1yt + (O9y — e.uim':?.q;ﬁﬁ + {74y ~ Qaim:.xom_lhw 4 (Fge — quﬁuLomﬂm {78}
E W, . 7 I

log; = est = et + (Few ~ Qnﬁm.c_"am.l.ww {Ocs qnimu__amﬂ. +{Pec = dek)Selog (e}
K W, _, W, .. P

lager = cst — Yt +{Tku — aer)Silog T + (The = Q»im..hnmwww +{dpe — qktmnﬁom;mm (7d)

Note that the definition of the coeficients of tecknical progress -y, is once agan modified. Homogeneity
mplies that the sum of the coefficients 11: each equation t € {u,5,ek} 15 now equal to -y The
coefficient of a term such as the renl wage log¥s for example, tokes into account two different effects
of & woge change: » direct effect oy, and an indirect effect comang from prices gux{see equation {4}).

The iatter refiects the movements in the cost of espital.

2.4 Qutput and valne-ndded

The relations derived above are expressed in terms of the price and quantity of output P and Y.
Available macroeconomic data however relate to value-added, i.e. P, and ¥,,. Ipnoring this difference
and its consequences can lead to misleading interpretation of the empirical results,

6

of energy have had little effect on skilled employment, whereas the increase in the real cost of energy
since 1873 has had a beneficial effect on unskilled employment.

4~ Comparing the fong term evolution of supply and demand, we note that over the whole sample
period, there is o 0.128% average rate of growth of the supply of unskilled fabour, whereas demand
grows at an avernge rate of -0.444%, thus & cumulated employment deficit of 15.44%. As for as skilted
Iabour s cancerned, the corresponding figures nre 3.284% and 3.396%. This difference 15 probably
negligible, due $o estimation standard errors.

5- Comparing the observed and the calculated long term vanstion m employment, it appears that o
non-negligible part of the losses i unskilled employment are still to moteralise: an extra 4.37% loss
of employment that would be sdded to the present (1989} deficit in nctunl employment of 11.2%.

6- What growth rate of wages would have been required, ceters paribus, to maintmun the same growth
rate of supply and demand, for both categories of labour? The estimated price elasticities suggest
that the growth of real unskilled wages should have been limited to 0.92% instead of the actunl 2.58%,
and for skilled wages, the growth rate should heve been 1.16% wstend of the actual 2.07%. This
scenario therefore implies a mgantic drop m the real cost of labour: -44% for unskilled labour, and
-25% for skiiled labour, 1.2, more or less o return to the end of the 1960°s. This 15 a dramatic result
ndeed. Let us recail hiowever, that the calculations are done for a given output level. It 15 a partial
calculation and hence truncated; only direct effects are taken nto account. Clearly, an exogencus
wage moderation would alter the unemployment tate, and this initiel change would 1n turn set 1
motion a whole series of other reactions (prices, wages and employment]. To evaluate the total effect,
one would need a complete model which contains not only equations relating to techuieal coefficients,
but also to output, employmest, prices and wages. As mentioned before (see footnote 9), when we
toke output effects into account, we could easily end up with elasticities which are 5 to 10 titnes larger
1 absolute vaiue, thus reduce the necessary decrense in real wages by the same order of mognitude.
Let us also recall that the rate of growth of average real wages 1 the United States hes been of the
arder of 0.6% per annum since 19711 ..

7- Helative employment on the other hand, 1s totaliy unaffected by changes m cutput. We can

Bource: European Economy.
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no Jonger identifiable, and we won't be able to use equation (), to calculate an ez-post series for
the cost of capital. Homogeneity implies that in each equation the sum of the coefficients is equal to
{1~ 5.).{1 — i), Vi € {u,s e}, Since these equations must satisfy the accountmy identity 3.8 =1,
the cquation for capital is obtamed by taking the difference.

We still need to calculnte the shares i output 5,. We will start with the accounting identity:

PY=P.Y, +P.E

Writing m terms of the share of value-added in total cutput, we obtain an mverse relationship with

the share of energy n total value-added (5., = £=F):

“This enables us to write each input’s share m total cutput value ss a function of its shore m value-

added, by dividing by (1 + S..). For unskilfed labous, for example, we have:

 Wads PoYe | Sue -
T RY., PY T 1+8.

S

Similar resuits hold for the other factors, and S; = QWT , Vi,

2.5 Substitytion between skilfed ard unskilled Inbour

Subtracting equation (8b) from {8a), we obtain the ratio of unskilled to skilled labour demand in

terms of real factor prices, that is:

L, Wy
log— = cst — {Fu = st + WAQ.E._ — ) = {Oux ~ Qu»mm:_.mb 2
v

L,
1, P,
e {orss = Tusi — Tk — ausissloy - + (Cue — Q-nv.mnﬁnm.EmUn
u ¥

(20)

One simple but mteresting special case 15 when capital and energy are separable from labour mputs.
Here, the elnsticity of substitution between unskilied labour and other mputs (capital and energy), 15
the same as for skilled labour (i.e. o = o4 and oy, = ¢..}. Given homogeneity AM“ Si.04 = 0¥},
it 15 easily shown that the absolute vnlue of the coefficients of skilled and unskilied wages 1 the above
equation are equal, so that the relative unskilied/skilled labour demand can be expressed as only a

8

labour, and of the price of energy. Mere precisaly, we have:

§, W,
DlogX; = AlogY — A.«.. + o {5 Alog—2 + 8, Alog— “v {16)
WUC &U—.‘
W, w, P
+ (7 + s )Moy 5 = e Alog = + ?E%twm

tor : € {u,5,e}. The term wmside the braces represents the combined effects of technical progress
and the user cost of capital. We reproduce 1n table 9, the various elements of this decomposition for
unskilied and skilled employment, as well as their relative employment (i.e. the difference betwesn
the first two}. We have used the estimated values for price elnsticities and rate of techmical progress
abtasned under hypothesis (ii). The rate of growth of cutput 1s approximated by the rate of growth of
value-added {this con biss the results]. The caleulation covers the whole periad of 19621589, as well
as two subpenads before and after 1973, We compare the calculated rates of growth of employment
to the corresponding rates of growth of labour supsly. To complete the available information, we have
also added the rate of growth of observed employment 1n each zategory. It 13 pessible to mterpret
the difference between observed employment and calculated employment ss reflecting the difference
between price effects alreacy and not yet realised; this imnterpretation ¢ particuiarly applicable when
the period considered is rather short, We can drow the feliowing conclusions from table 8:

1~ Contrary to the empirical evidence for skilled labour, the effects of the growth of cutput on unskilled
ernployment are aimost totally concelied out by the negative impaet of technicaf progress and the user
cost of capital. This is particulasly the case over the most recent period (1973-89), where the beneficial
effect of the slowdown in technical progress is dominated by the negative effect of the overall slowdown
m economic activity. After 1973, s 2.5% growth rate in output 1s the mummum necessary to stabilise
unskitled empioyment af unchanged Jacfor cosis.

2- To these effects of technicol progress and user cost of capital are added those of the upward trend
mn sl wages, as well as the mcrease in the relative wage of the unskilled. The upward trend in wages
lLias & negative effect on both types of employment, but unskilled labour 15 affected most,

3- Bnergy prices have little effect over the whole sample. The decrease of the years 1962.73 are

compensated by the increase thergafter. On the other hand, we note that the changes in the real price
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3, THE DATA

We wifl try to estimate the equations (8) and (10}-{10°), assuming that the coeflicients ore
constant. We use French data covermng the peried 1962-1989, The data on skilied and unskiiled
(unjempioyment are taken from the employment surveys of the INSEE (Enquétes sur Uemploi), and
tiose on skilled and unskitled woge rates from the “Annual Declarations of Social Stausties” (DADS,
Déciarations Annuelles de Donnees Soeiales), nlso published by the INSEE, The distinction between
skiiled and unskilled labour (levels of L, and L,) is based on professional occupations. Skilled wark-
ers are basically professional and manegerisl workers (including feremen and techniciansy; unskilled
workers are other categories, mostly employees and biue-collar workersS  The wage data i the an.
nual deelnrations sre on net wages; to transform to labour costs, we have applied for each year the
corresponding rates of sowal security contributions applicable to neu-manual and maenual workers

respectively.

3.1 Histortcal shservations

Figures { and 2 show the evolution of emplovment per unit of cutpus and of the real costs for
both skilled and unskilled labour. We observe o downward trend m unskiiled employment (relative
to GDP), with & clear bresk in the trend in 1974. Skilled employment. relative to GDP on the ather
hand, remelns rother stable; if there exists a downward trend, it 15 not very evident. A transitery
decrease s observed in the latter sertes, from 1876 to 1082, This however, 15 more lilely the result of 2
statisticn! problem related to the evaluation of employment and active population amongst intermedi-
ary professionals (see Sneessens{1993)). The relotive cost of unskilled labour rises almost continucusly
between 1968 and 108G, The mcrense over this pertod 5 of the order of 25%; over the same period,
the decrease m employment of unskilled workers relative to that of skilled workers 15 of the order of
67% (AlogLy, = AlogL, ~0.67). These raw figures suggest an elasticity of substitution larger than 2,
which 15 relntively high. However, one also needs to take into sccount the effects of tecliniesl progress,

and of the renl price of energy, to corvectly evalunte how much of the deeresse 1n unskitled employment

5Detpils are given m chapters i and 2 of Sneessens(1993}.

10

5- The own price elasticity of the demand for energy is relatively low i absolute value, about 0.15.
On the ather hand, the cross-elasticity with respect to unskilled wages appears mote significant; it 15
about 0.50 in the case of {ii).

6- The own price elasticity of the demand for capital is relotively low, about 0.2 to 3.3 abaolate
valued, An overall increase 1n the wage Jevels has a relatively umportant positive effect; the sum of the
corresponding two cross elasticities 15 1 the region of 8,40, irrespective of the hypothesis ([} or {iif)}.
The eiasticity with respect to the price of energy 18 negative, about -G.15, implying complementarity
of the two factors.

(iv) Effects of technicnl progress.

Rate of Exogenous Hypothesis (i} Hypothesis (iif)

(change) (change)
Technical Progress | Pre-1674 |Post-1974 Pre-1974 Post-197

T +3.31% | ~1.36% |+3.10%| ~1.32%
(9.45) {6.35) (G4 (0.38}

s w0,86% "+0.20% ™|~ 1.69% | +0.58%
{0.45) {023 (0.46% {0.22)

e +4.34% |+0.31% M +5.74% [+0.61%™
{0.90) (0.55) {0.85} {2.54)

as=nat significantly diffetent from zem.

‘Fable 8:Rates of exogenons technical progress v;{ % 100) associated with

the demnnd for coch factor; with breok in 1974,

Tabie 8 shows the rates of exogenous techatcal progress 4; i percentages, Both hypotheses
(i) nnd {iii) nre considered. The table shows that techmeal progress 15 systematically unfavourable
to unskilled) labour, irrespective of the hypothesis retained. Nevertheless, we do not observe an
accelerating deterioration 1n unskilled employment. Gn the contrary, after 1974, there 15 a significant.
drop (but not a total hait) in the erosion of demand for unskilled inbour -for a grven level of output-

due to technical progress. It i5 interesting to note that this slowdown i productivity gmns cowncides

*With a Cobb-Deuglas production function with two factors {labour and capital) for instance, one
would have an elasticity of about 0.80 in absolute value, for a given level of output.

px
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1990
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(#i) Estemated volues of price sinpsticities {for a

u ] a & t 5 e L

-3.00 3.27 200 0.6% —-151 1G5 1.40  0.80

(1.80} (214} (1.38) (0.33) {0.34) (0.30}

091 -205 019 051 2065 002 036

(0.33) {0.37) {(0.23) {0.38) (0.29)

327 313 -214 -iL36 -~1.62 1.6
{0.715) (1.12) (6.43) {0.40)

068 951 —-L26 ~1.00 —1.00
() noe restrictions{but homogeneity} (i} symmetry + homogeneity
u 5 e A 5 u s e k
—:18 088 (17 054 -073 018 G700 071

(0.19) {0.31) {0.24) (0.12}) {(0.22} (G.13)
—-2.02 6.1% 0.54 -1.27 &% 0.7
(0.21)
—i46 -—1.48 —1.13 -1p.36
{0.36} {0.33}
{181 - 1,30
(i} symmetry + homogeneity (i) symmetry+ homogeneity
with oy = Fax with oy = oy 80d Oye = Ts

{staridard errors given tn parentheses)
Table 6:Estimates of partial elnsticities of substitution, using the ervor corvection formuintion.
— Energy 18 also o substitute for both skilled nnd unskilled Inbour; There 15 however a difference
between the partial elasticities of substitution: it 1s small {zera?) for skilled labour and high

(greater than 1} for unskilied labour.

— Energy and capital are strong complements, with a partial elasticity of substitution around «1.50.

jven cutpnt level

(iven the partin] elasticities of substitution {direct and cross, we can dertve factor price elastic-
ities for & mven level of output. All that is required 15 to multiply the former by the corresponding
average factor shares. We present m table 7 the resuits shimned under the hypotheses (it) and {iii}.
It 15 worth remembenng that the matnx of price elasticities is not in general symmetric. Note the
following results:
i~ Direct elasticities of employment to wages are very close for both skilled and unskilled labour; the
eatimated value vanes from -0.50 under hypothesis {ii} (which 1s the more likely situation} to -0.30
under hypothes:s {ii). Tt must be stressed again that these are elasticities for a maven level of output;

when outpat. effects are taken mto account, tatal elasticities can be much higher. The cross elaticities
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Varsable | Form of [FEST m TEST i2)
equaticn
b.4 in levels | Dependent vannble: AlogX | Dependent vaniable: AllogX
c=const mumberi—statistiq Critical mumbert—statistiq Critical
te=trend of coef. of value of coef. of valuse
ts=tr. shif| lags | logX.. | at 5% lags |AlogX.,}| at5%
du=duemm
e citits 0 344 | -396" | 0§ 609 | {-2.07%)
b ettsdu 10 281 | -434r 0 1 -623 | (-2.97%
N
& Ghts 0 230 | ~386° | 0 ] —a82* | (-2979)
5, = 2] cpts 0 .46 —3.96° ¢ —4.37* ] (-2.97%)
5, = IW.F cttsdu | O S08 | —4247 1 0 | -7240 1 (-207%
S =2 cits 0 2,55 —3.967 o ~5.84" | (-2.97%
L ebts i 137 ] -3.8967 1 ~235 | (-~2.97%)
wo ctts o 1§ a9 | -39 | 8 | ~601 | (-207%)
£ c o | .26 | -297% | 0 | -448" | (-195%)
Lo ettsdu | 0 281 | ~4247 | 0 | -618 | (-2.97%)
W etts | 0 | 031 | -seer | 0 | -326 | (-297%)
DUL c 0 —3.16" | {-2.87T%)

p= Perron{1989), asymplane value for A = 0.5
k=MacKirnen(1991), correction made for small sample:
* indicales reject:or of the muli hypothesis at 5%,

Table 1: ADF tests for the presence of o unit root,

4. EMPIRICAL RESULTS

Cur mam amn is to estimate price elaticities {the 7;;s) and direct and cross partial elasticities
of substitution {the oy;'s) especially those that relate to substitution between skilled and unskitled
lsbeur. We will estimate a system of three equations {the fourth being redundant), with s dynamic
formulation of the errer correction type. We will apply Johensen's maximum likelihood method

4

4.2 Muodelling the structural cquations: Error Correction

Our mterest 18 mainly focused on substitution between skilled and unskilled labour, thet 1s the
first two equations in (8). It i nevertheless useful to also estimate the equetion relating to energy. In
particular, if as suggeated by theory, the equations satisfy the condition of symmetry {i.e. 0, = auhs

then the coefficients 1n the employment equations should be estimated more precisely.

{BInter-equntion restriciinns

We estimated these equatsons using the Least Squares option 1s the programme TSP, using
nstruments for the wage variables, and alowing for contemporaneous correlations batween the resid-
unls (SURE). Table 5 shows how the likelihcod function progressed as we successively 1mposed the

feliowing restrictions:
(0} no restrictions {except for homogeneity);
{i} symanetry {o;; = 0ji; three restnictions in all);

{ii} equality of the partial elasticity of substitution between unskilled labour and capital and that
between skilled labour and capita} (i.e. our = o4 ); I we also assume homogeneity, this restriction
nnplies 1 addition the following restriction o the direct elasticity of skilled labour: that oy, =

Fus — (1 - %) + & {ou. — 0.c)). Therefore two extra restrictions;

(iif) equality of the partial elssticity of substitution between unskilled labour and energy and that

between skilled iabour and energy {i.e. one additionsl restriction oy, = &,.).

To ensble us to test these restrictions, the coefficients of the regressors in {8) were rewritten in terms
of elasticities of substitution. We used the following average factor sheres: s5,=0.40, 5,=0.25, 5.=
0.10. We are therefore estimating the mean value of the elasticities of substitution. The actual values
are functions of factor shares, Similarly, the various tests reported below (especially symmetry) refer
to the mean values.
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6xB matrix, while we onlv have 6x27 observations). Given cur small saraple, we are forced to drop
all lagged values of the left hand vonisbles and impose & = 0, ¥i. This restniction drastically limits
dynamic adjustments, and may fead to binsed estimates of the other parameters.

The test of the number of comtegrating relations is a test of the rank of the matnx [1. We have
used the program CATS in RATS to obtmn the results i table 2 (sea Johansen-Juselius{1990}). Both
the mmamal eigenvalue test statistic and the trace test statistic are reported. Based on the latter, we
can reject the hypothesis that the rank of [T is 2 agninst the alternative that it 15 greater than 2, but
we have to accept that st 18 3 against the alternative that it 1s greater than 3% We conclude therefore

that there exist three mdependent cointegrating relations, so that IT can be written as:
Mgxg = anwmmxw (13)

where J is an 8 x 3 matrix of the parameters in the three comntegrating reiations 4 logZ, and o 15
2 6 x 3 matrx of the dynomic coefficients of the error correction terms FlogZ;_, n the short run

varniations of the endagenous variables AlogZ,.

Eigenvalues
Testing  the rtank of the matrix I
of
the matrix {Hypothesis A-max Trace
b¢) Hy Statistic [Critical vaiue Statistic [Critical value

5%! 5%!

032 Rank=0 | 72.48* 43.97 211.15% 114.90

923 1 63,10 3752 138.67* 87.31
673 2 30.16 31.46 69.57% 62.99
545 3 21.28 35.54 39.41 42,44
356 4 13.63 18,56 18.13 25,32
154 5 4.50 12,35 4.50 12.25

1 Critical values from Osterwald-Leaum (§892),

Table 2:Testing the rank of matrix I1. {* indicates vejection of Hy at 5%)

87This holds even when making corrections for o small snmple

16

Testing for exogeneity of the vanables is bosed on testing the significance of . A variable in the
vector logZ is weskly exogenous as for as the estimmation of the long-run parsmeters are concerned,
if its morginal distribution is uninfluenced by the cointegrating relations. This meons that the row
in a corresponding to that variable is not significantly different from zero. Jobansen and Juselius
{1450) propose the meximurm likelihood test. Table 3 summarnises our results for these tests. The nuil
hypothesis i each case is Hy 7 oy = 0. If we toke the 5% significance level, the null hypothesis 15
vejected for 5, as well as both categorses of real wages, but 15 accepted for the other three vanables.
It s surprissng o get this result for 8§, snd 5. If we treat real energy prices as exogencus, we obtam
the results in the nght hand column. We can now reject exogeneity of S5, at the 5% significance level,

bat 5, still appears exogenous.

Value of the x§ statistic
wnd  the significance  feved
Variable

[General model (P, / P, exogenous

Sy 3.48 (0,32} 419 (0.24)
5, | 46.6790.00) | 16.53%0.60)
8. 564 (013) | 12.46%0.01)
W./P, | 9.24%0.03) 9.00%0.03)
W,/P, | 12070.61) | 20.69%0.00)
/P, | 698 o0

sindicates rerection of that hypotkesis a1 5%.

Tohle }:Testing weak exogenelty for Jong-lerm parnmeters .

These resuits must. of course be treated with caution. We have kept the dynamie structire as
simple as possible, 50 8s to retamn a larger degree of freedom. It 15 clear for instance, that an increase
I wages haos,ceferss paribus an immediate and accountable effect on the share of wages i the value
of output. Hence, imposing the impact coefBetent to zero (8; = 0) 15 clearly 1nappropriate and likely
to cause biag in the results. We therefore repented the exercise (estimation and testing] with the
alternative forrmuiation mentionad in section 2, where the endogenous variables ore not the shares of
factars, but the quantity of each factor per unit of value-added (ie. Z = AT R L b o va?
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