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Abstract

We estimate long-run interrelated demand functions for skilled labour, unskilled
labour, clerical labour and capital services within a dynamic framework using a panel
of data on Irish manufacturing sectors during the 1980s. We group the sectors into three
production ‘types’ - high-growth sectors, medium-growth sectors and declining sectors.
The results indicate very important differences in the demand for skilled labour com-
pared to the demand for unskilled labour and in the underlying production technologies
for the three groups of sectors. The medium-growth group of sectors are characterised
by a stable production technology where skilled labour, unskilled labour and capital are
all limited substitutes in production and there is little evidence of skill-biased technical
change or trade effects. Most of the relatively minor shifts in factor shares in this group
are accounted for by movements in relative factor prices. This group numbered over
half of all manufacturing employment throughout the period under study. The high-
growth group of sectors has all the features of the production technology described in
modern growth theory: skilled labour and capital are complements in production, tech-
nical progress is biased against unskilled labour and the skill-intensity of production is
increasing over time. This favours the “skill-biased technical change” hypothesis. And
the declining group of sectors are in secular decline with no stable long-run demand for
labour. This would favour the “trade effect” hypothesis where low-skill technologies
are relocating from Ireland to low-wage countries because of import penetration.

1. Introduction

The Irish labour market suffered a deep and prolonged recession in the 1980s. As can be
seen from Figure 1.1, between 1980 and 1987 employment in industry fell continuously.



Since then however employment has grown strongly and most notably, in contrast to the
industrial sector of most developed economies, there has been strong growth in employment
in the industrial sector.

Total Industrial Employment 1973-1997:

0 Census of Industrial Production and Labour Force Survey Measures
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Figure 1.1: Total Employment in Industry 1973-1997: Census of Industrial Production and
Labour Force Survey Measures

To understand the current strength of employment in the industrial sector it is necessary
to examine the period of extensive restructuring in the 1980s. This is the main focus of this
paper. We look across the full range of industrial sectors and across a range of different
employment categories, at as detailed a level as the data permit, to try and profile the
demand for labour in the manufacturing sector in this period.

During the 1980s there were significant changes in the sectoral composition of Irish in-
dustry with rapid expansion in high-technology sectors occurring alongside the decline of
traditional manufacturing industries (heterogeneity in production). Concurrent with, and
intimately linked to, this change in production was the shift in the occupational structure and
educational profile of the Irish workforce towards more highly ‘skilled’ workers (heterogeneity
in labour input). In this paper we explicitly take account of both types of heterogeneity in
estimating the demand for labour. Based on the descriptive analysis of the data in Kearney
(1997) we distinguish three types of sector ranked by output performance (high-growth sec-
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tors, medium-growth sectors and declining sectors) and three categories of worker (skilled,
unskilled and clerical workers). While there is a growing body of research on the dynamics
of labour supply and the returns to education in Ireland, this is the first parametric study of
the demand for labour in Ireland in the post-1973 period (since accession to the EU) which
distinguished between skilled and unskilled labour.

The translog cost function is used to derive a set of long-run factor demand equations
based on the assumption of cost-minimising behaviour. The parameters underlying these
equations summarise the set of technological and economic relationships which describe
the production process of a typical firm in the long-run. These parameters can be used
to estimate the degree of substitution between different factors for a given level of output
together with the own- and cross-price elasticities of demand.

This theoretical model specifies a simple static factor demand system. In the long-run
cost-minimising behaviour requires that the restrictions of price homogeneity and symmetry
must be satisfied. However there is no behavioural reason why these should hold in the
short-run. To allow for possible short-run deviations from long-run optimal behaviour we
adopt a dynamic specification in estimation. Within this framework all factors are variable
and each can have different short-run adjustment behaviour.

Our results indicate very important differences in the demand for skilled labour com-
pared to the demand for unskilled labour. A general increase in the wage level will, for an
unchanged level of output, cause a much larger substitution out of unskilled labour than out
of skilled labour. Indeed we found that in the high-growth group of sectors a general wage
increase will cause net substitution into skilled labour at the expense of unskilled labour. A
similar asymmetry of response applied to the demand for unskilled labour relative to skilled
which is much more sensitive to movements in the unskilled wage than to movements in the
skilled wage for an unchanged level of output.

Our results also indicate that there are significant differences in the underlying produc-
tion technologies for the three groups of sectors. These can broadly be characterised into
three types. The medium-growth group of sectors corresponds to the classical production
technology where skilled labour, unskilled labour and capital are all limited substitutes in
production. The high-growth group of sectors has all the features of the production tech-
nology described in modern growth theory: skilled labour and capital are complements in
production, technical progress is biased against unskilled labour and the skill-intensity of
production is increasing over time. And the declining group of sectors are in secular decline
with no stable long-run demand for labour. This last group reflects the adverse consequences
of import penetration or the so-called ‘trade effect’ described in Kearney (1997).

The explicit recognition of both heterogeneity in production and in labour input is central
to understanding the current strong growth performance of the Irish manufacturing sector.



The sectoral composition of output in the manufacturing sector during the 1980s switched
from low-productivity (declining sectors) to high-productivity (high-growth sectors) produc-
tion. The dominance of a small group of high-growth sectors in the Irish manufacturing
sector in the 1990s highlights the uniqueness of the Irish manufacturing sector within the
EU which is reflected both in the strong growth in employment in the 1990s and in a superior
employment performance in the 1980s relative to the EU average (see Bradley et al. (1997,
pp. 40-41). The sectoral switch in production also led to an increase in the demand for skilled
labour and in the skill-intensity of a unit of labour employed in manufacturing. The net ef-
fect of these changes was to increase the underlying growth potential of the manufacturing
sector.

The results of this research highlighted a number of methodological issues in estimating
the demand for labour using sectoral data. Firstly it is important to identify groups of sectors
with relatively similar production processes. The theoretical model is based on individual
firm behaviour. Therefore ideally the sectoral data should represent ‘similar’ sectors so that
our parameters measure the true underlying technological and economic magnitudes of the
production function (or dual cost function) rather than capturing differences between sectors.
Secondly when using sectoral data to approximate for firm behaviour within sector changes
can distort the estimated firm behaviour. Therefore we included net changes in the number
of firms in each sector as an extra regressor in each equation. And thirdly estimation of
long-run behaviour is not always possible if sectors are in secular decline so that the output
decision dominates any changes in the factor mix.

The plan of the paper is as follows. Firstly in Section 2 we specify a system of interrelated
long-run factor demand equations derived from the translog cost function. In addition to
relative factor price terms, the factor demand equations include time dummies as a proxy
for technical progress, the number of firms per sector to allow for net firm entry and exit
causing shifts in the level of factor shares, and gross output to measure scale effects. With
just two factors of production this system reduces to estimating a single equation. In Section
2.2.1 we specify a dynamic version of this two-factor single-equation model (denoted “partial
system”). Following this in Section 2.2.2 we use the methodology developed by Anderson
and Blundell (1982) to specify a dynamic interrelated factor demand system for four factors
of production (denoted “full system”).

Section 3.1 looks at the econometric issues involved in estimating single-equation dynamic
models with a short panel of data. Because such models combine both fixed effects and
lagged endogenous variables, instrumental variables estimators are necessary. For the single
equation estimation we use a GMM estimator developed by Arrelano and Bond (1988).
Section 3.2 discusses the empirical issues encountered in estimation and finally Section 3.3
briefly discusses the estimation of systems of dynamic equations using panel data.



We approach estimation in two stages. In Section 4 we estimate two alternative “partial
systems” for each of the three groups of sectors. The first estimates the demand for skilled
labour relative to unskilled labour while the second aggregates labour to a single homogenous
input (aggregating skilled, unskilled and clerical workers) and estimates the demand for this
homogenous labour relative to capital services. Despite the strong assumptions underlying
these partial systems specification we use the estimation results to provide an overview of
the dynamic relationships between different factors and for different groups of sectors. This
helps inform the much more complicated modelling involved in estimating a set of interrelated
dynamic equations for all four factors. In Section 5 we estimate a full system of dynamic
equations for skilled labour, unskilled labour, clerical workers and capital services. Section
6 summarises our main findings.

2. The Demand for Labour: A Theoretical Framework

In modelling the demand for labour we assume cost minimisation behaviour of firms. We
adopt this cost-minimisation paradigm because it avoids the complexities of modelling the
market for output. The demand for Irish industrial output is closely linked to developments
in the world economy which are difficult if not impossible to parameterise with a small set
of stylised variables. Conditioning on output avoids this problem while still allowing us to
estimate demand for labour functions.

Conditional long-run demand for labour functions can be derived from the first-order
conditions for cost-minimisation behaviour by a given firm. The translog cost function is
one of a class of flexible functional forms which are used to provide local approximations to
the cost function of a cost-minimising firm. This form of cost function places no restrictions
on the partial elasticities of substitution between factors. The static (long-run) version of
the translog total cost function for sector s is given by

In TCs - aOs""Z Qg In Hs+‘2_ Z Z Yig In Pis In -Pjs+05q In Qs""é‘r)/qq ln(Qs>2+Z Yiq In -Pis In Qs

i=1 i=1j=1 =1
(2.1)

where T'C, is total cost for sector s, P, is the price of factor ¢ in sector s and @, is volume
output in sector s. Total cost is the sum of the cost of the N different factor inputs

N
TC, =Y Py.Xis (2.2)

where X, denotes the quantity of factor 7 in sector s. Since we do not have data on material
inputs total cost sums to value-added. This value-added framework includes a maximum of
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four possible factors: three different labour inputs, namely skilled labour, unskilled labour
and clerical workers, and capital services. The variable (), within this framework is then a
measure of output net of all material inputs at constant prices. It is included to allow for
non-homotheticity of the cost function implying non-constant returns to scale.

The constant term s and the o;; parameters are sector-specific, all other parameters are
assumed to be identical across all sectors. Thus we assume that all of the sectors included
in (2.1) have common underlying technological parameters. Differentiating with respect to
factor prices and applying Shephard’s Lemma (i.e. assuming cost minimising behaviour)
gives the cost share (S;;) equations for sector s:

8InTC, P, 0TC, P X
dlmP, TC, 8P, TC,

N
= Sis = s + ) Vi In Pjs + 13 In Qs (2.3)

=1

Because these are share equations they must sum to one, this adding-up condition implies
the following restrictions with certainty:

N N N
Zais = 17 Z7ij = O) Z'-ﬁq =0 (24)

If we ignore dynamics then the adding-up condition means that in practice only n — 1
equations of the system need to be estimated, the parameters of the n* equation can be

recovered using the above restrictions.
Economic theory restrictions of price homogeneity and symmetry of the cost function
imply a further set of restrictions on the parameters:

N
> 7v; = 0 (Price homogeneity) (2.5)
i=1

Yij = Yi» V5,731 #j (Symmetry)
The parameters of equation (2.3) can be used to derive point elasticity estimates. The
Allen-Uzawa partial elasticities of substitution o;; are given by

Ui = ('Yij -+ Si.Sj)/SiSj,i = 4, otherwise oy = (’Yii -+ 5’12 - Sz')/Siz (2.6)

Since the magnitude of the elasticity is dependent on the magnitude of the share values at
any point in time, Hamermesh (1993, p35) argues that the Allen elasticity is useful mainly
for classifying pairs of inputs according to the sign of o;;.

Own- and cross-price elasticities of demand are given by

Eij = 5j0ij,  Ei = 5i0 (2.7)



Estimates of elasticities using these formulae are clearly dependent on the level of the factor
shares at any given point in time. Symmetry of the cost function ensures that the elasticity
of substitution estimates are pairwise equal. However this is not true of the cross elasticities

of demand.
Blackorby and Russell (1989) argue that the Morishima elasticity of substitution, u;;,

Hij = €i5 = €5 (2.8)

is a more economically relevant concept than the Allen partial elasticity of substitution®. In
- contrast to the Allen elasticity measure, the Morishima elasticity is not symmetric (except
where there are only two inputs). If two inputs are Allen substitutes (e;; > 0) then the
Morishima measure will always classify them as substitutes. But if two inputs are Allen
complements (g;; < 0) they will be classified as complements or substitutes according to the
Morishima measure depending on the sign of €;; — ¢;;. If | &5 |<| €j; | where ¢;; < 0 then
this implies that factor 7 decreases by less than factor j for a given increase in the price of
factor j. Therefore the input ratio of factor ¢, 7 will increase if the price of input j increases,
even though the demand for both input 7 and j decreases.

The price elasticity of demand estimates are, in the terminology of Berndt and Wood
(1979), gross price elasticities since they are computed holding output constant. The cor-
responding net price elasticities, include a measure of the output response and thus cannot
be computed with conditional factor demand functions. Under the assumption of linear
homogeneity they can be computed as

€ = €ij +Sim, €5 =€u+ Sm (2.9)

where 7 is the own-price elasticity of demand for output. We use estimates of the output
elasticity of demand, taken from Bradley et al. (1993), to construct “guesstimates” of the
net elasticities.

2.1. Specification of Long-Run Factor Demand Equations

The cost function can be extended to include additional variables. Here we include two extra
terms in the factor share equations, to control for firm turnover and to proxy for technical

progress.

N
Sis = ais + Y v In P + %T + %igIn Qs + Yin In NO (2.10)

i=1

More recently Davis and Shumway (1996) have argued that it is only under cost minimisation that the
Morishima measure is always the correct measure of curvature and elasticity.
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Factor-biased technical progress is typically proxied by the inclusion of a time trend (T") and
we follow that convention here. Technical progress is Hicks neutral if v;; = 0 Vi, if 7;; > (<)0
technical progress is biased in favour (against) factor 1.

We include the number of firms in a sector (NO,) in the specification to control for the
effects of firm entry to and exit from a sector on the demand for different factors. The
factor demand specification derived in equation (2.10) is constructed based on the theory of
firm behaviour. However our data relate to sectors rather than firms. Including NO; as an
additional variable serves as a proxy measure of net firm turnover so that the coefficients
on the relative price, and other, terms will be estimated conditional on the number of firms
per sector. The underlying assumption in this specification is that we can then interpret
the estimated sector behaviour, controlling for sector size, “as if” it were the behaviour of a
single firm.

Finally it is important to point out the measurement difficulties attached to @),. This
variable is measured using data on gross output in constant prices. This serves as an ap-
proximation to a pure test for homotheticity within the translog specification. Interpretation
of the estimated parameter <;, must therefore proceed with caution, a non-zero value may
be an indication that homotheticity is rejected but it could also signal a rejection of the
assumption of weak separability between material inputs and value-added which underpins
the validity of the value-added specification (see Kearney (1997) for details).

2.2. Introducing Short-Run Dynamics

Equation (2.10) is the general specification of the set of steady state factor demand equations
for estimation. Empirical estimation of such static equations has frequently led to rejection
of economic theory restrictions such as homogeneity and symmetry. In addition the residuals
in such empirical models have often been found to be serially correlated signalling dynamic
misspecification. This suggested that underlying long-run behaviour consistent with eco-
nomic theory restrictions would be more likely to be captured within a dynamic modelling
framework. Full adjustment of all factors within a single period is not necessarily required
by economic theory but is imposed in estimating static factor demand systems. By contrast
a more “data-based dynamic model” both respects the long-run behavioural restrictions and
allows for asymmetric short-run responses to changes in factor prices and other explanatory
variables.

There are significant short-run costs to adjusting factor demands (for example, the costs
of hiring and firing workers) and these costs may vary between different factors. Because of
these costs of adjusting employment, firms often hoard labour during recessionary periods?.

2For example, in a micro study of UK labour market flexibility, Haskel, Kersley and Martin (1997) found



The costs of adjusting the demand for skilled labour are generally higher than the costs of
adjusting the demand for unskilled labour (Hamermesh, 1993, p278). And it is well known
that the costs of adjusting the demand for capital in the short-run are high due to the
irreversibility of investment and putty-clay elements of technology. All of these considera-
tions highlight the need to introduce dynamic factor adjustment into the modelling process.
Empirical studies incorporating short-run dynamics found that economic theory restrictions
were no longer rejected in the long-run (Anderson and Blundell (1982, 1983, 1984) Friesen
(1992)).

In this paper we approach the specification of dynamic factor demand equations in two
stages. In the first stage we specify dynamic interrelated factor demands with only two
factors of production. We term this specification “partial systems estimation”. Given the
adding-up condition this reduces to specifying a single dynamic equation for estimation.
Using this partial specification we estimate two alternative sets of factor demand equations.
The first estimates the demand for skilled labour relative to unskilled labour, assuming that
this skilled-unskilled factor bundle is weakly separable from all other factors of production.
The second aggregates labour to a single homogenous input (aggregating skilled, unskilled
and clerical workers) and estimates the demand for this homogenous labour relative to capital
services.

Both of these specifications involve strong a prior: assumptions. The first assumes that
skilled labour and unskilled labour have an identical, unitary, elasticity of substitution with
all other factors or factor bundles. The second assumes that skilled, clerical and unskilled
labour are perfect substitutes. Another strong restriction associated with estimating within
a two-factor framework is that cost-minimisation dictates that the two factors cannot be
complements.

Despite the strong assumptions underlying this partial systems specification we use the
estimation results to provide an overview of the dynamic relationships between different
factors and for different groups of sectors. This can help to inform the much more complicated
modelling involved in specifying a set of interrelated dynamic equations for all four factors.

In the second stage we specify a system of interrelated dynamic factor demand equa-
tions for any number of factors. For our purposes this fully specifies dynamic equations for
our four factors of production, skilled labour, unskilled labour, clerical workers and capi-
tal services. We loosely term this specification “full systems estimation 3”. We specify a
general dynamic system which allows for joint estimation of four interrelated factor demand
equations following the modelling approach developed in Anderson and Blundell (1982).

that employment and capacity were adjusted more in the long-run and hours of work in the short run.
3specification retains the maintained hypothesis that the value-added factor bundle is weakly separable
from the gross-output factor bundle. Hence we ignore material and energy inputs in our specification.



2.2.1. Short-Run Dynamics With Two Factors

Within a two-factor system the adding-up condition implies that only one equation need be
estimated. The dynamic specification of the general equation for factor ¢, in error correction
format, with price homogeneity imposed and including two lags* is as follows:

P.s Pls _
A'S’ist = ﬁiASist_l -+ 5¢j0A ln "P—]—E + 6—5]'1A1n gst=1

ist ist—1

+5iq0A ln Qst + 6iq1A hl Qst——l + 5in0A ].Il NOst + 6in1A ].Il NOst—l (211)

Pig_
=i | Sist—z — Qs — Yij In P] 2 Yig In Qg2 — Yin D NOgg

ist—2

The final term in brackets is the static factor demand equation (2.10) for factor 7. Theoretical
restrictions on these long-run parameters imply the following simplifications:

Yij="Vji, Yig = ~Vig, YVin = —Vjn (2.12)

These can be used to recover the long-run parameters of the factor j equation. There
are no theoretical restrictions on the short-run coefficients on the exogenous variables in
this equation, however their interpretation can be of interest in determining the speed of
adjustment for different factors. For instance Holly and Smith(1989) interpret the parameter
8igo > (=)0 as evidence of short-run increasing (decreasing) returns to scale for factor <. Note
that within this framework we do not estimate the short-run coefficients on the exogenous
variables for the 7 equation so that not all coefficients in the factor demand system are
identified. However we are only interested in the long-run behavioural parameters which are
identified by the adding-up condition.

With just two factors, and given the adding up condition, the short-run adjustment
coefficient on the lagged dependent variable for the second j equation is simply —3;. We will
examine in the next sub-section the more complicated dynamics introduced when there are
more than two factors.

All parameters are assumed constant across sectors except the long-run intercept term
o, which is sector-specific. This parameter captures unidentified or idiosyncratic effects in
different sectors. It permits that, in the absence of any relative price or other effects, equilib-
rium factor shares in different sectors may be permanently different. Such differences can be
due to idiosyncratic differences which lie outside the scope of a simple stylised factor demand

4Nickell (1986), in an analysis of the impact of aggregation on the estimation of dynamic models of labour
demand, shows that aggregation across firms or across different types of labour induces a second-order lag
of the dependent variable. Therefore second-order lags are included here.
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model to explain. For example they may reflect differences in the historical accumulation of
technologies in different sectors where the rate of change of such differences has asymptoted
out in the present sample to an intercept shift. The presence of this sector-specific term has
important implications for econometric estimation of equation (2.11) which are discussed in
the next section. _

Equation (2.11) is the “general” dynamic specification of the two-factor demand system
which we use as our estimating equation. Because the sector-specific effect is unobservable
it is typically eliminated from the estimating equation by a suitable transformation. Here
we use first differences to eliminate this sector-specific effect. The consequences of such a
transformation for estimation are discussed in the next section. In first differences equation

(2.11) can be written as:
ASise = mASi-1 + mASist2

P'st P'st—l P'st-——2
+mi00 lnﬁst + m;1Aln stt_l + Tij2Aln stt—z (2.13)

+7igoAIN Qg + Mign AN Qp—1 + TigpAln Qs
+7Tin0A In NOst + WinlA In Nost——l + 7rz'112A In NOst—Z

This is the form we use for estimation. The two formulations are observationally equivalent?
so that the parameters of interest in equation (2.11) can be recovered from the estimating

equation (2.13) as follows:

Short-Run Adjustment: Long-Run Parameters:
Gi=m—1| = (1—m —m)
bijo = Tijo__ | Ouj1 = Mo + M1 | Yig = (mijo + M1 + mig2) /(1 — m — mp)
6ig0 = Tig0 | Bigl = Tigo + Tig1 | Vig = (Tigo + Tig1 + Wig2)/ (1 — 71 — 7m3)
Oin0 = Tin0 | Bin1 = Tin0 + Tin1 | Yin = (Min0 + Mind + Ting) /(1 — T — T0y)

Note that the intercept term ;s has disappeared in the first-differenced estimating equa-
tion (2.13). Time dummies are included in all the estimating equations. These are included
to capture unobserved aggregate effects due to technical change which is assumed uniform

across all the sectors included in estimation.
2.2.2. Short-Run Dynamics With More Than Two Factors
The systems analogue of equation (2.11) can be written in matrix form as

ASy = BASs_1 + DoAX,, + DiAX,_; — A(Ssmg — T Xu2) (2.14)

5See Greenhalgh, et al. (1990) for details.
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where S; is a vector of the factor shares S;y;, X is a vector of the explanatory variables 1,
Pjs, Qs, NO,]' and X, is the same vector with the first element deleted. This gives a system
of dynamic factor demand equations with the long-run factor share equations, equivalent to
(2.10), included as the error correction terms in brackets. Since the elements of S,; sum to
unity for each ¢ (and the elements of AS,, sum to zero) this system of equations is singular.
Anderson and Blundell (1982) have developed an empirically tractable method of estimating
- this system. They point out that the full set of parameters in (2.14) cannot be identified.
Because the covariance matrix is singular it is necessary, as in the static case, to eliminate one
of the collinear share equations within the brackets. This redundant variable problem extends
to the vector of lagged dependent variables where one element is also eliminated. However
we can still estimate the full set of short-run adjustment parameters on the explanatory
variables Dy and D;. If we denote a matrix with the n®* row deleted with a subscript n and

with the n‘* column deleted with a superscript n then we can rewrite (2.14) as:
ASg = B"AS, -1+ DoAX, + DiAX, | — A™(Spgt-2 — DnXai_s) (2.15)

The parameters of the n** long-run factor share equation which is eliminated from estimation
can be identified via the adding-up condition (2.4). Similarly the short-run parameters in
B™ and A™ are identified by making each column of B™ and A™ sum to zero, however we
cannot fully identify the parameters in B and A in equations (2.14). Anderson and Blundell
(1982, pl566) point out, however, that “the lack of identification on the lag structure of
the dependent variable does not hamper the identification of the parameters associated with
economic theory.” Since our primary interest is in estimating the long-run factor share
equations, about which economic theory has something to say, this lack of identification is
of secondary importance.

In our data set we have four separate factors, skilled workers denoted %, unskilled workers
denoted [, clerical workers denoted c and capital services denoted k. The full set of equations
for estimation from (2.15) is

) [ Aln Phst
AShst Bre Bri Bhe AShu s Ohho Onio Ohco Onko Ohgo  Ohnmo Aln Py
ASise | _ | B Bu B AS, st—1 n bio 6o 6o Oko  Oig0  Oino Aln Py
AV Ber B Pee AS ° . Ocho 0ct0 Occo0 Ockd Ocqo Ocno Aln P
ASkst Brr Br Bre “ Okho  Okio Okco Okko Okgo  Okno AlnQy
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The (six) short-run adding-up restrictions needed for identification are:

Bkr = —(Brh + Bin + Ber)

Bri = —(Br + Bu + Bu)

:Bkc

_(Ith + ﬂlc + ﬁcc)

Aeh = —(Ann + Ain + Acn)

At = —(An + Ay + M)

)\kc

—(/\hc + )‘lc + )‘cc)

(2.16)

The four dynamic factor share equations, with these restrictions imposed, are written out
in full in Section 7. The typical equation for factor 4 (assuming these adding up restrictions
are applied to the equation for factor j # 1) is:

ASist

= BinAShst—1 + BulASist—1 + BicASest—1 + OingAIn Prgy + 6o A1n Py

+6;0AIn Progy + 6ik0 A In Prgt 4 6i00 A Qst + 8ing AIn NOy,

+6in1Aln Prg1 + 81 AIn Py + 81 Aln Pagy 1 + i1 Aln Prgs—1

(2.17)

+6ig AN Q1 + 6t AINNOgy_1 — AipeCmpgr—g — Ai€CMyg_g — Aic€CMcst—o

where ecmn;g; is the long-run factor share equation for factor ¢ in sector s in year ¢t based on
(2.10). These long-run steady state equations are given as

ECMp st
ECTy st

ECMegt =

Shst — Chs — Yhh In Phst = Thi In Bst — Yhe In Pcst — Yhk In Pk,st — Yhq In Qst = Yhn In NOst
Slst — &s — Yk In Phst - Yu In -Plst - Ve 1n-Pcst — Yk In Pkst — Yig In Qst — Yin In Nost
Scst — Qg — fVchlnPhst — Yl lnﬂst - ’chlnPcst - 'Ycklnpkst - 7cqanst - Fch]-nNOst

The adding-up condition then identifies the parameters of the long run capital share equation

as follows:
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Recovering Parameters for Factor Capital: ags =1 — (aps + 0us + Q)
Yeh = = (Y + Vb +Yer) | Tt = =W+ Y+ V) | Yoe = —(Yhe + Yie + Vee)
Yk = = (ne + Ve + Vek) | Vog = —(Vrg + Vg + Yeq) | Ton = —(Yan + Yin + Yen)

Price homogeneity and symmetry conditions imply six further testable restrictions on
the estimated long-run parameters together with three symmetry conditions which further
identify parameters of the capital services equation. Testing these restrictions is equivalent
to testing the hypothesis of cost-minimisation behaviour. Such tests are widely used to
evaluate the theoretical coherence of empirical models (Anderson and Blundell, 1982).

Price Homogeneity:
Yh = = (Yot + Yre + k) | 10 = —(yn + e + Yk) | Yoo = —(Yen + Yot + Ye)
Symmetry:
Yhi = Vin l Vhe = Yeh ] Vie = Yal
Symmetry identifies parameters of Capital Services Equation:
Yeh = Thk [ Vel = Vik l Yhe = Yeck

Within this set of dynamic equations all slope coefficients are assumed common across
sectors but the intercept terms are sector-specific reflecting unobserved differences between
individual sector’s factor shares. To eliminate this unobserved effect, these equations are
estimated in first differences where the typical equation for factor 7 (assunung adding up
restrictions are applied to a the equation for factor j # i) is given as:

ASist = Tig1AShsi—1 + MimaAShst—2 + Mir1ASjst—1 + TiraASise—2
Tic1A8est-1 + Mic2ASest—2 + oA ln Py + myn Aln Pggy
+eAln Prgi—g + minoAIn Prg + Ty Aln Phg—1 + TingAln Py
7oA In Prgy + Tigt Al Prgy_y + TigpAIn Prgy_s (2.18)
+miro A In Prgt + T Aln P + miro Aln Prgep

Qst Qst——l Qst-2
EFIYAN 1A In
B oM T NOu_s
+7TinOA In NOst + '/Tz'nlA In NOst—l + 7Tin2A In Nost—Z

+ ’/TtiA In

Because of possible collinearity between gross output per sector and the number of firms
per sector as regressors, these are reparameterised in (2.18) in more orthogonal form as 1—\,%
and () respectively. In all there are twelve possible restrictions on the estimated system
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in first differences. In Section 7 the implications of these restrictions for the relationship
between the estimated 7 parameters from (2.18) and the underlying short-run and long-run
behavioural parameters in B", Dy, Dy, A", I, from the equations in (2.15) are fully specified.

3. Dynamic Modelling With Panel Data

3.1. Econometric Issues in Estimation

A general specification of a linear dynamic equation for a panel of industrial sectors, where
1 =1,..., N is an index of sectors, can be written as

p
Yit = Z O3Yit—g) + B (L)Zgy + A + s (3.1)

J=1

where t = ¢+ 1,...,T is an index of time, z; is a k x 1 vector of the k explanatory variables
and B(L) is an m x 1 vector of polynomials in the lag operator. The maximum lag in the
model is ¢ where m < kq and p < ¢q. The )\; is a period-specific time effect. Since this effect
is common across all sectors it is often referred to as an ‘aggregate’ or ‘macro’ effect. The
error term u; is modelled as the sum of an industry specific effect 7; and an idiosyncratic
error term vy, Ui = 7; + Vi

Given the structure of our data panel® we proceed on the assumption that N is large
relative to T'. In this situation panel data estimators are evaluated using their so-called
“semi-asymptotic behaviour” (Sevestre and Trognon’, p95) where N — oo while T is kept
finite. This has some crucial implications for the properties of these estimators. Firstly,
in contrast to time-series estimators, with 7" finite the assumption of stationarity is not
necessary. Secondly, and again in direct contrast to time-series estimators, the generation
process of the initial observations y;; is important.

Much of the research on dynamic panel data estimators centres on the assumptions
surrounding these initial observations. In equation (3.1) these initial observations will depend
on the sector-specific effects 7;, the past of the exogenous variables z,,_;, an aggregate effect
A1 and on a serially uncorrelated disturbance v;;

Yi1 = f(&i,t—ja i, AL, Vil)

8The data panel covers 12 years. First differencing and including two lags leaves T = 9 for each group.
For the Medium and Declining groups of sectors we have 29 sectors, for the High Growth group of sectors

we have 11 sectors.
"Much of this section follows the review of linear dynamic panel data models in Sevestre and Trognon

(1992).
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and the properties of these initial observations will influence the semi-asymptotic property
of the estimators. The appropriate modelling approach now depends on whether the 7;’s are
treated as fixed effects or random effects, where a fixed effects assumption means that the
initial observations will also be fixed and exogenous.

The treatment of unobservable effects as fixed or random in a dynamic panel data context
is widely discussed in the literature. Ultimately the choice relates to the type of inference
required. A common quotation on this issue from Hsaio (1985, pl131) points out: “It is
up to the investigator to decide whether he wants to make inference with respect to the
population characteristics [random effects] or only with respect to the effects that are in the
sample [fixed effects].” Since our sample data are more or less exhaustive, i.e. they cover
all industrial sectors, we can treat the sample as the population for inference purposes and
therefore we treat the n;’s as fixed effects (see Balestra (1992) p.27).

This fixed effects specification now faces two problems for least squares estimation. The
first is the semi-inconsistency of the estimators due to the influence of the initial observations
on the semi-asymptotics with T" finite. The second is due to the upward bias induced through
the correlation between the fixed effects and the lagged endogenous variables. The fixed
effects can be eliminated from equation (3.1) by first differencing (or some other suitable
transformation), however this induces correlation between the lagged endogenous variables
and the error term, hence the OLS first difference estimates will again be biased (this time
downwards) (see Urga, 1992).

Because of these difficulties with least squares estimators, research has centred on devel-
oping instrumental variables estimators. Within this class of estimators Arrellano and Bond
(1991) (AB) have developed a generalised methods of moments (GMM) estimator for such
dynamic fixed effects models which can tackle these bias and inconsistency problems. This
estimator requires minimal assumptions on the properties of the explanatory variables. The
z;+’s may or-may not be correlated with the fixed effects 7;’s and in either case the z;;’s may
be strictly exogenous, predetermined or endogenous variables with respect to the error term
v;: (see Arrelano and Bond, 1988). The error terms are assumed to have zero mean, finite
moments and to exhibit no serial correlation:

E(vy) = E(vgvis) =0fort # s
However arbitrary forms of heteroscedasticity across sectors and time are possible:
E(Uz’tvit) = O'izt

This is important since panel data are typically characterised by heteroscedastic error terms.
Taking first differences of equation (3.1) AB exploit all the linear moment restrictions
which are implied by the assumed absence of serial correlation in the error term to construct
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a set of valid instruments for the lagged endogenous variable. In first differences the second
lag of the dependent variable is uncorrelated with the error term: E(Avy,yi—3) = 0, and so
can be used as an instrumental variable. Similarly all further lags of the dependent variable
are valid instruments based on the linear moment restrictions:

E(Avit,yit_j) =0 ] = 2, ...,t - (q + 1),t = (q + 1), ,T (32)

The AB GMM estimator is derived using these conditions without necessitating further as-
sumptions on the initial conditions y;; or on the distributions of the fixed effects 7; or the
error terms v;,. If an z;; variable is not strictly exogenous®, analogous instruments using
lags greater than one can be used for this explanatory variable. For this reason Sevestre
and Trognon (1992) recommend the use of this AB GMM estimator in models where the
explanatory variables are not (or are suspected not to be) strictly exogenous. In our estimat-
ing equation (2.13) of the previous section the relative price term is not strictly exogenous
given its definitional relationship with the dependent variable®, so we consider this AB GMM
panel data estimator to be particularly suited for estimation of dynamic equations such as
equation (2.13).

If we stack all the observations in equation (3.1) over time we can rewrite the equation
as

v = Wid +im + v, (3.3)

where ¢ is a parameter vector including the ay’s, 3’s and the \’s, W; contains the time series
of the lagged endogenous variables, the z’s and the time dummies, and 7; is a T' x 1 vector
of ones. Then the GMM estimator is given by

6 =W Z)An (Y ZWI T Wi Z) An (Y Ziyi)] (3.9)

where |
Ay = N > (ZH:Z;)™

Z; is the matrix of instrumental variables, H; is a weighting matrix and * denotes transfor-
mation to first differences. For the AB GMM one-step first difference estimator H; is given

by

2 -1 .. 0
-1 2 . 0
. . -1
o 0 .. -1 2

8Strict exogeneity between z;; and vy requires E(zy,vie) = 0.
9The definitional relationship between S; and %ﬁ is §p = _ﬁlé)‘%%m =(1+ fﬁ&‘)_l.
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In our empirical analysis we use this one-step estimator where the reported standard errors
are corrected for heteroscedasticity°.

The instrument matrix Z, is based on the orthogonality conditions. For example assume a
fixed effects model given by yi; = ayis—1 + i, 5+ +v;; where the panel data set covers 5 time
periods. With lags and first differences this leaves 3 time series observations for estimation.
In the first cross section, with ¢ = 3, the only valid instrument for the endogenous variable
is y;1. In the second cross-section, t = 4, y; is now also orthogonal to the error term and
therefore an additional valid instrument. The complete set of instrumental variables for this
model is given by

v 0O O O 0 0 Az, 0 0
Zi= 0 Yi1  Yiz 0 0 0 0 A§i3 0 (35)
0 0 0 wa %e w3 0 -~ 0 Azy

Further columns can be added to Z;, either lags of the z instruments or other external
variables. Restricting the number of moment restrictions relating to the endogenous variables
will cause a loss of efficiency. However computational considerations typically mean that
the full instrument set is not used in estimation: “[a] judicious choice of the Z; matrix
should strike a compromise between prior knowledge ... the characteristics of the sample
and computer limitations.” (Arrelano and Bond, 1988, p. 6).

In first differences the Awv;; error term is M A(1), however further serial correlation would
invalidate the orthogonality conditions. So the validity of the use of the set of instruments
depends crucially on the absence of serial correlation of an order higher than one. Therefore
we report tests for first-order and second-order serial correlation. In addition we use a Sargan
test, of the validity of the instrument set for the equation diagnostics.

3.2. Empirical Issues in Estimation

We approach the empirical estimation in the spirit of the general to specific approach to
econometric modelling. That is, we begin with the most general specification possible given
data restrictions and then test the validity of alternative reductions of this general system.
Our data generation process is based on the conditional distribution of the factor shares,
conditional on a set of variables suggested by economic theory and our preliminary analysis
of the data in Kearney (1997).

10While the two-step estimator, which uses the estimated errors from the first round of estimation to
construct H;, is more efficient if the v are heteroscedastic (Urga, p388), the estimated standard errors for
the two-step estimator can be somewhat unstable in relatively small samples. Because of this we chose to
use the one-step estimates.
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The data cover 69 manufacturing sectors over the period 1979-1990. The variables include
data on employment and wages for skilled workers, unskilled workers and clerical workers.
Kearney (1997) contains a full discussion of the definition of, and a preliminary analysis of,
these variables. In addition we have data on the cost of capital for each sector, the value of
capital services in each sector, gross output at constant prices in each sector and the number
of firms per sector. The appendix in Kearney (1997) contains a full description of the panel
data set.

We exclude three sectors which were included in the analysis of Kearney (1997) and
which are potential outliers in the overall cost minimisation framework, these are the utilities
industries (Electricity, Gas and Water: NACE: 161, 132162, 170) which are dominated by
state-owned monopolies. This change slightly alters the three groups of sectors defined in
Kearney (1997): the high-growth group now includes eleven sectors (with Gas and Gasworks
excluded), the medium-growth group excludes both Electricity and Water, and the Finished
Metal Products sector (NACE 316319) moves from the declining group to the medium-
growth group. This means that the latter two groups now both contain twenty-nine sectors.
This reshuffling means that the declining group includes only sectors which have had zero
growth or below on average over the period 1979-1990.

The utilities sectors were all relatively high-wage sectors, their exclusion has altered the
pattern noted in Kearney (1997) where the ratio of skilled to unskilled wages in the declining
sector was higher than in the Medium growth sector, that is no longer the case, the ranking
is in keeping with the overall ranking of the three groups of sectors.

While the total number of firms in the overall manufacturing sector has fallen by a trivial
3 firms between 1979 and 1990, at a grouped-sector level the net changes in the number for
firms have been significant. In the high-growth group the net entry of firms totalled 240
between 1979 and 1990, an increase of over 70%, while in the declining group there was a net
exit of 359 firms over the same period. In the medium-growth group the change was a more
modest net increase of 116 firms. Figure 3.1 shows the time path of the number of firms in
each group. It is clearly important to take this into account in modelling demand for labour
functions; this is why we include the number of firms NO in our general specifications (2.13)
and (2.18).

We estimate the single equation (2.13) using the DPD package developed by Arrelano
and Bond (1988).The most complicated empirical feature of this estimation was the choice
of instrument set for the Z matrix in (3.5). The final choice of instrument set was based on
preliminary testing of a wide range of instruments. There were three central issues:

1. The endogeneity of the lagged dependent variable S;; means that lags of two or higher
are uncorrelated with the differenced error term as shown in (3.2). However in practice
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Figure 3.1: Number of Firms in High Growth, Medium Growth and Declining Groups of
Sectors, 1979-1990

we found it was better to start with the third lag (based on the Sargan test)!!.

2. The definitional relationship between the endogenous variable and the factor price
terms means that the factor price terms are also endogenous'?. Some studies omit rel-
ative price terms altogether because of this definitional problem (e.g. Berman, Bound
and Griliches (1994)) however we need them to estimate parameters of interest in the
elasticity calculations. At the same time we do not want the instrument set to include
variables which are highly correlated with each other. Therefore we used the lags of the
endogenous variable to also serve as instruments for relative prices. Two further po-

"Denny and Van Reenen (1993) adopted a similar formulation of their instrument set.
12

1. Underlying the cost minimisation framework is the assumption that factor prices are exogenously
determined, i.e. firms are price-takers on factor markets. Clearly this assumption will be violated in
macroeconomic studies of the demand for labour and these often focus on suitable instruments for
factor prices. However with highly disaggregated sectoral data this assumption is reasonable. Our
concern is therefore purely related to definitional rather than behavioural endogeneity.
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tential instruments were AQ) and ANO (see (3.5)). Estimation both with and without
these variables did not significantly alter the results.

In all cases where the equation included time dummies these were also included in the
instrument set.

The estimated regressions are weighted by each sector’s average share in total cost (as
defined in 2.2) for all sectors. This weighting reduces the noise in the data as shown in
Figures 9.1 and 9.2. These graphs refer to the data on skilled labour’s share of the skilled
and unskilled wage bill for the medium-growth group of sectors. They cross-plot gross
output against the skilled labour share. Figure 9.1 uses the actual (unweighted) data for all
29 sectors for the 12 years of the sample while Figure 9.2 plots these data weighted by the
average share in the total wage bill. Weighting significantly reduces the noise in the sample
by re-ranking the sectoral data on the basis of each sector’s relative importance in overall
total cost. In the unweighted data two sectors with high gross output (Meat Products,
NACE 412 and Dairy Products, NACE 413) are significant outliers from the central cluster
of data points. These are both sectors with very low shares of labour in gross output (6.7%
and 7.6% respectively compared with an average for all medium-growth sectors of 23.5%).
The weighted data highlight much more clearly a discernable positive relationship between
the skilled wage bill share and gross output.

Weighting the regressions serves to reduce noise in the data, particularly in small sectors,
and also helps to reduce noise due to firm migration between sectors (Bound et al. (1994)

p.384).

3.3. Systems Estimation with Panel Data

The issue of fixed effects and its implications for dynamic single equation estimation with
short panels applies also to estimation of a system of simultaneous equations with panel data.
Krishnakumar (1992) provides an overview of the properties of estimators of simultaneous
equations using panel data (specifically two-stage and three stage least squares with and
without instrumental variables, also full information maximum likelihood (FIML) estima-
tors) however he does not discuss the properties of these estimators when there are lagged
endogenous variables within the system. Holtz-Eakin, Newey and Rosen (1988) develop a
technique for estimation of vector autoregression models with panel data. They express
the equation in quasi-differences, thereby dealing with the fixed effects, and use instrumen-
tal variables to tackle correlation with the quasi-differenced error term. The instrumental
variables used are different for different equations analogous to (3.5) above.

To date most applied work estimating systems of factor demand equations with panel
data has used either full information maximum likelihood (FIML) estimators (see Lindquist,
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1995) or instrumental variables estimators (Morrison, 1997). For the estimation of system
(2.18) we used several different estimators'3: multivariate least squares, two stage least
squares with instrumental variables, three stage least squares with instrumental variables,
FIML and GMM estimators. In all but the FIML case these included heteroscedastic-robust
estimation of the covariance matrix.

It was difficult to evaluate the relative performance of each estimator. The fact that the
system of equations in (2.18) are expressed in first differences eliminates the fixed effects
but will introduce correlation between the lagged endogenous variable and the error term
in each equation. Therefore we estimated (2.18) using both two stage and three stage least
squares with instrumental variables. The instrument set included the second and third lags
of each endogenous variable together with the differenced 7\,%— and NO variables (lags zero
to two). The factor price variables were omitted from the instrument set because of their
definitional relationship with the endogenous variables used as instruments. All equations
which included time dummies had equivalent time dummies included in the instrument set.
This instrument set differs for each cross-section equation because the set of instruments is
different in different time periods analogous to the Z instrument matrix for the AB GMM
estimator described above. We performed GMM estimation, allowing for heteroscedasticity
and an MA(1) error term, of (2.18) with this same instrument set.

4. Empirical Results: Partial Systems Estimation

In this section we present the results of estimating dynamic labour demand functions for
three groups of sectors: eleven high-growth sectors, twenty nine medium-growth sectors
and twenty nine declining sectors. Firstly we report the estimation results for the “partial
systems” demand for labour functions defined by (2.11). Section 4.1 gives the results of
estimating the demand for skilled labour relative to unskilled labour. Section 4.2 gives the
results of estimating the demand for homogenous labour relative to capital.

These results, while predicated on rather strong assumptions of weak separability and/or
perfect substitutability, are useful in providing a first estimate of the skilled-unskilled and
labour-capital bivariate relationships underlying the production technologies in each group of
sectors. Furthermore, from these results we can begin to disentangle the relative importance
of scale effects (gross output), firm turnover effects (number of firms in each sector) and
time-specific effects for each group of sectors.

Given these partial systems results, we proceed in Section 5 to estimate “full systems”
demand for labour functions. These give the estimated interrelated demand functions as

13 All systems estimation was done using the TSP package.
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defined in (2.14) for skilled labour, unskilled labour, clerical workers and capital services.

4.1. The Demand for Skilled Workers

The general specification of the equation for modelling the demand for skilled labour (AT)
relative to unskilled (IW) is given by'4:

ASLAT, = mASLAT,_; + mASLAT, 5 + ToAIn( gﬁg’;)
CLIW CLIW
+7rsulA 111( CLAT)t 1 7rsuZA ]Il( C,LAT)t 2
CLIW CLIW
+7rsu0dA m(m)t . D8790t + 7Ts'u.ldA ln(m)t : D8790t—1 (41)
CLIW
+7T'susz h‘l(m)t . Dg7got_2 + ’/TsnoA IH(NO)t

+7I'sn1A h’l(NO)t_l + 7T3n2A ln(NO)t_g + WSQQA hl(Q)t
+7sqn AIn(Q)¢—1 + Teg2 A In(Q)s—2 + g2 Dgg + me Dy

This specification is estimated over the period 1982-1990 (allowing for the loss of three years
due to lags and first differencing) and includes an interactive dummy on the relative factor
price term for the years 1987-1990. This dummy is included to test for any structural break
in the estimated elasticities of substitution and demand in this later period. The analysis
of Kearney (1997) suggested that most of the restructuring from unskilled to skilled workers
occurred in the earlier period 1979-1987 with little further change in relative factor shares
in the later period 1987-1990.

Estimation is done using the AB GMM estimator described in Section 3.1. Time dummies
D, are included in each of the general specifications. In estimation the coefficients on these
are measured as deviations from the constant term mge where the coefficient on the constant
term is an estimate of the intercept in the first cross-section used in estimation, here 1982.
These time dummies allow for different intercept terms in each year, common across all
sectors, which cause upward or downward shifts in the factor share. These exogenous shocks
are interpreted as proxying for technological shocks.

14In the results reported in this section we exclude clerical workers from estimation. Where clerical workers
were included in the definition of unskilled workers this did not significantly alter the estimation results. See
Kearney (1997) for further details on why clerical workers are excluded from the definition of unskilled {or

indeed skilled) labour.
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4.1.1. The Demand for Skilled Workers : Medium Growth Sectors

This section reports the results of estimating equation (4.1) for the medium-growth-Growth
group of sectors over the period 1979-1990 using the share of skilled workers in the total
wage bill'® as the dependent variable. This is a partial system which is useful for cross-group
comparisons and for classification of the magnitude of elasticity estimates.

The variables used are the share of skilled workers in the total wage bill (SLAT,;), the
ratio of skilled to unskilled wages (SEAT ,+)» the number of firms in each sector (NO,;) and

gross output in each sector (Qg;). Table 4.1 gives some summary statistics on these datal®.

Skilled Workers, 29 Medium-Growth Sectors
SLAT,; | CLAT,; | CLIW gf}g " ] NOy Qs
Mean 0.20 | £17,670 | £10,586 1.74 86 | £259,020

Standard Deviation 0.06 | £7,127 | £5,051 0.32 90 | £359,870

Table 4.1: Descriptive Statistics on Panel Data for Medium Growth Sectors

Table 4.2 reports diagnostic tests of equation (4.1) for medium growth sectors!”. In this
and subsequent summary diagnostics tables for partial systems estimation the test statistics
are as follows:

e Joint tests of significance are Wald tests asymptotically distributed as x,(k) under the
null of no relationship.

e The Sargan statistic is a test of the overidentifying restrictions, asymptotically dis-
tributed as x»(k) under the null.

e m; is a test for first-order serial correlation in the residuals, asymptotically distributed
as N(0, 1) under the null of no serial correlation.

e mo is a test for second-order serial correlation in the residuals, asymptotically dis-
tributed as V(0, 1) under the null of no serial correlation.

15The total wage bill here excludes the wage bill of clerical workers.
8SLAT is skilled workers’ wage bill share; CLAT is the cost of a skilled worker; CLIW is cost of an
unskilled worker; NO is the number of firms in a sector; Q is gross output measured at 1985 prices; s is an

index across sectors, ¢t over time.
1"The table reports computed statistics followed by the significance level in brackets. Estimation is done

using the DPD program. All reported results are GMM one step estimates with test statitistics robust to
heteroscedasticity.
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e (a) lag=2 tests the joint significance of all second-order lags.

e (b) lag=2 tests the joint significance of all second-order lags excluding the second-order
lag of the dependent variable.

Estimation Diagnostics for Equation (4.1)
Joint Significance of: (1) (2) (3)
Aln(Z2r7) 30.83 (00) | x2(3) | 20.23 (:00) | x2(3) | 24.28(.00) | x2(3)
Aln(EE2) - Dargo 724 (07) | x203) | 2.79 (43) | x2(3)
Aln(NO) 17.24 (.00) | x2(3) | 8.60(.04) | x2(3)| 6.03(.11) | x2(3)
An(Q) 15.68 (00) | x2(3) | 8.83 (03) | x2(3) | 6.08(11) | x2(3)
(a) lag=2 11.65 (.04) | x2(5) | 42.25 (.00) | x2(5) | 17.71(.00) | x2(4)
(b) lag=2 10.79 (.03) | x2(4) | 6.56 (16) | x2(4) | 6.15(.10) | x2(3)
Time Dummies 1247 (\19) | x2(9)
Other Diagnostics:
Sargan Test 22.53 (.76) | x2(28) | 25.75 (.59)  x2(28) | 33.41(.35) | x2(31)
™ 73.07 (.00) | N(0,1) | -2.65 (.01) | N(0,1) | -2.40(.02) | N(0, 1)
e 1.50 (.14) | N(0,1) | L.47 (.14) | N(0,1) | 1.06(.29) | N(0,1)
Instruments Used: SLAT;—3..SLAT; SLAT; 3..SLAT; SLAT; 3..SLAT;
Observations: 261=29x9 (82-90) 261=29x9 (82-90) 261=29x9 (82-90)

Table 4.2: Demand for Skilled Workers in Medium Growth Sectors: Testing General Speci-
fication

The diagnostic tests for the general specification (1) indicate that the time dummies
are jointly insignificant. All other variables are jointly significant, although the significance
of the structural dummy is only marginal at the 7% level. Diagnostic tests indicate that
there is no second order serial correlation while the Sargan test accepts the validity of the
instruments used.

The second specification (2) re-estimates the equations omitting the time dummies. This
reduction does not introduce any misspecification (as measured by the diagnostic tests),
however the interactive 1987-90 structural break variables are now jointly insignificant. The
second lag of the independent variables is also now insignificant however the joint significant
of all second order lags (including the dependent variable) is increased.

The third specification (3) omits the structural break variables. This further reduction
is also accepted by the diagnostic tests. The gross output, firm entry/exit variables and
second lag of the independent variables are now only significant at the 10% level, however
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excluding these regressors introduces statistical misspecification into the model as signalled
by the Sargan statistic’®. Therefore our final preferred specification (3) includes all second
lags of the three variables, relative factor prices, the number of firms per sector and gross
output per sector. This model is statistically well-specified based on the diagnostics and the
implied behavioural parameters do not violate any economic theory restrictions.

It is interesting to look at the implied behavioural parameters of equation (2.11) as
estimated in the general specification (1) with no restrictions. Tables 4.3 and 4.4 show these
coefficient estimates and implied elasticities respectively.

Estimated Coefficients: Specification (1)
| Adjustment Coefficients Long_Run Parameters
SLAT As 0.780 | fs -0.340 Skilled Unskilled
In(g4%) 0suo | -0.171 | 651 | -0.079 | 7y | -0.087 | ~yus | -0.087
In(E72%) - Dsroo  Bsuod | -0.021 | 5u1q | -0.009 | Yena | -0.081 | 7, | -0.081
In(NO) Osno | 0.192 | 6551 | 0.085 | 7sn | 0.265 | 7y | -0.265
In(Q) 0sq0 | 0.046 | bgq1 | -0.120 | 749 | -0.153 | 7,4 | 0.153

Table 4.3: Estimated Coefficients of Equation (2.11): Demand for Skilled Labour in Medium
Growth Sectors

The coefficient on firm entry/exit (7s,) indicates that the higher the number of firms in
a sector the higher is skilled workers’ wage bill share - evidence of increased skill-intensity in
expanding sectors. On average a 1% increase in the number of firms in a sector will cause a
1.325% growth!® in that sector’s skilled wage share.

The results indicate modest short-run increasing returns to scale but that in the long run
there is a negative, albeit weak, relationship with gross output. This negative scale effect is
computed controlling for firm entry and exit effects. This is a very interesting result because
we have seen from a simple cross-plot of the share of skilled wages against gross output
(Figure 9.2), and from computed correlations, that the bivariate relationship is positive. The
negative conditional correlation suggests that the inclusion of the firm entry/exit variable is
very important in disentangling changes within sectors from pure within-firm effects.

However, as pointed out previously, this scale effect is also likely to reflect any misspeci-
fication due to the omission of other factors of production from the partial specification.

The elasticity estimates?® indicate low substitutability between skilled and unskilled work-

18The Sargan test statistics for dropping these sets of variables were| In(INO) 58.39 (.01)], [In(Q) 55.57

(.01)], [(b) lag = 258.65 (.01)].
19Calculated using the average skilled workers’ share of 0.20 from Table 4.1.
20The elasticity estimates in the table are read as follows: s=skilled; u=unskilled; o, is the elasticity of
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Elasticity Estimates: Specification (1)
| Substitution | Own and Cross Demand
Osu Esu = —Ess | Eys = —Eyu
Period average 0.462 0.369 0.093
1979 0.446 0.360 0.087
1990 0.481 0.379 0.102
1990% -0.007 -0.005 -0.001

Table 4.4: Estimated Elasticities of Substitution and Demand For Skilled and Unskilled
Labour in Medium Growth Sectors

ers in production and inelastic own and cross price elasticities of demand, particularly for
unskilled workers. The structural break coefficients suggest that in the later period sub-
stitution possibilities were zero and that production moved more towards a Leontief-type
technology with fixed input ratios.

Taken in combination these results suggest a very interesting pattern. In the pre-1987
period there were limited substitution possibilities between skilled and unskilled workers, in
the post-1987 period any change in the skilled-unskilled mix reflects sectoral firm entry and
exit effects rather than substitution possibilities within individual firms.

Estimated Coefficients: Specification (3)

l Adjustment Coeflicients Long_Run Parameters
SLAT As 0.507 | B, |-0.211 Skilled Unskilled
In(B70%)  beuo | -0.181 | bgur | -0.083 | v4u | -0.123 | 7, | -0.123
ln(NO) 65710 0.127 5377.1 -0.011 Ysn 0.187 Yun -0.187
In(@) Osq0 | 0.086 | 05q1 | -0.039 | ¢ | -0.012 | v,, | 0.012

Table 4.5: Estimated Coefficients of Equation (2.11): Demand for Skilled Labour in Medium
Growth Sectors

Tables 4.5 and 4.6 show the behavioural parameters and estimated elasticities from our
preferred specification (3). The estimated elasticities of substitution and demand are again
very low, especially for unskilled labour. The long-run scale effect, while negative, is close
to zero. The long-run firm entry/exit effect is positive and indicates that the overall net
increase of 116 firms added one percentage point to the skilled worker’s wage share in this
group of sectors.

substitution between s and u; €4, is the cross-elasticity of demand between s and u ; * indicates that the
elasticity has been evaluated using structural break coefficients 1987-1990.
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Elasticity Estimates: Specification (3)

] Substitution | Own and Cross Demand

O sy Esu = —Ess | Eus = —Euu

Period average 0.236 0.188 0.048
1979 0.213 0.172 0.041
1990 0.262 0.207 0.055

Table 4.6: Estimated Elasticities of Substitution and Demand For Skilled and Unskilled
Labour in Medium Growth Sectors

There are no time-specific effects, these correspond to exogenous shocks which we choose
to characterise here as technological shocks (although they could also be considered as de-
mand shocks). The absence of time effects confirms the profile of this group of sectors
(described in Kearney (1997)) as representing the median firm in Irish manufacturing during
the 1980s. While there was a massive influx of largely foreign-owned, high-technology in-
dustry and a shakeout in traditional industries, this group of industries remained the stable
core of manufacturing with little change in a broadly fixed-inputs production process.

Overall these partial systems results suggest that changes in the share of skilled worker’s
in the medium-growth group of sectors is most strongly related to firm turnover effects. On
average a net additional firm will increase the skill intensity of this group. Substitution
possibilities between skilled and unskilled workers are very low. Long-run scale effects are
negligible and there is no evidence of significant technological shocks.
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4.1.2. The Demand for Skilled Workers : High Growth Sectors

Skilled Workers, 11 High Growth Sectors

SLAT, | CLAT,, | CLIW gf}q“T, + | NOgy Qs
Mean 0.27 | £18,320 | £9,925 1.89 43 | £429,340
Standard Deviation 0.11 | £6,633 | £4,004 026 27 | £585,863

Table 4.7: Descriptive Statistics on Panel Data for High Growth Sectors

Table 4.8 gives the diagnostic results of estimating equation (4.1) for the high-growth group
of sectors. Degree of freedom limitations meant that not all variables could be included in
estimation. Therefore the table reports four alternative variants on a simple labour demand
function with time dummies: specification (1) estimates scale effects, specification (2) esti-
"mates firm entry/exit effects, specification (3) estimates a 1987-1990 structural break effect
and specification (4) estimates a simple labour demand function with time dummies. The
table also includes the implied average elasticity of substitution between skilled and unskilled
workers for each of these variants. These estimates indicate that by controlling for scale ef-
fects or firm entry/exit effects, the elasticity estimate has more reasonable numbers. This
is unsurprising since both scale effects and firm entry/exit effects will be very important in
a high-technology group of sectors which is growing rapidly and which is the main location
for technological progress and innovation, imported or otherwise.

The estimated elasticities and behavioural parameters from specification (1) and (2) are
shown in Tables 4.9, 4.10 and 4.11. For both specifications the estimated coefficients are of
similar magnitude. The coefficients on the time dummies?! suggest that technological shocks
have had both positive and negative impacts on the skilled labour share (a strong positive
effect in 1984 and a strong negative effect in 1990). Note that §, is positive suggesting
overadjustment in the short-run. Both short-run and long-run firm entry/exit and scale
effects are positive.

This group of sectors shows the highest estimated elasticity of substitution. This illus-
trates the higher sensitivity of this group to relative wage rates. Given that the wage gap
between skilled and unskilled workers in this group, while the highest, narrowed slightly
during the period (see Kearney (1997)), this has in itself increased the relative employment
of skilled workers. It could be argued that the narrowing of the wage gap, in the only group
of sectors where the skill component of employment is relatively high and rising rapidly,
reflects the impact of a steady increase in the supply of skilled workers during the period.

21These should be multiplied by 11, the number of sectors, to arrive at meaningful magnitudes since we
are using weighted data.
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Estimation Diagnostics for Equation (4.1): General Specification

Joint Significance of: (1 (2 (3 (4)

2 112( (ég%) 395.9(.00) |  x2(3) | 175.5(.00) | xa(3) | 535.2000) | x2(3) | 284.9000) | x2(3)
(&7a7) - Dseo 45(22) | x2(3)

Aln(NO) 12.2(.01) | x2(3)

A ln(Q) 31.8(.00) x2(3)

(a) lag=2 113.4(.00) x2(3) | 148.9(.00) x2(3) | 19.4(.00) x2(3) | 28.5(.00) x2(3)

Time Dummies 218.7(.00) x2(9) | 58.7(.00) x2(9) | 47.3(.00) x2(9) | 322.9(.00) x2(9)

Other Diagnostics:

Sargan Test 53.0(.02) | x2(34) | 48.7(.05) | x2(34) | 55.8(.01) | x2(34) | 57.4(.02) | x2(37)

m —2.8(.00) | N(0,1) | —2.6(.01) | N(0,1) | -2.7(.01) | N(0,1) | —2.7(.01) | N(0,)

Mg -0.7(47) | N(0,1) | —0.1(.93) | N(0,1) | -1.0(.33) | N(0,1) | —0.6(.52) | N(0,1)

Instruments Used: SLAT,_3..SLAT:—o | SLATs_3..SLAT;—o | SLAT;_3..SLAT,_o | SLAT,_3..SLAT:_o

Observations: 99=11x9(82—90) 99=11x9(82—90) 99=11x9(82—-90) 99=11x9(82—90)

Average o,

1.49

1.46

3.37

3.37

Table 4.8: Demand for Skilled Workers in High Growth Sectors: Testing General Specifica-

tion

Overall these results indicate significant scale, firm turnover and technological effects in
this sector. The most interesting feature is the high degree of substitutability between skilled

and unskilled workers suggested by these results.
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Estimated Coefficients:Specification (1)
Adjustment Coefficients Long Run Parameters
SLAT | ) 0.318 | B, 0.086 Skilled Unskilled
n(ZZ) G, | -0.126 | 60 | 0.040 | 7eu] 0102 | 7., | 0.102
In(@) sq0 0.039 | 6,51 0.0004 Ysq | 0.090 Yug | -0.090
Constant | Dgs Dagy | Dgs Dgs | Dgy Dgg | Dgg Dgg
-.0008 .0004 | .0023 | .0004 | .0014 | .0001 | -.0001 | .0020 | -.0011

Table 4.9: Estimated Coefficients of Equation (2.11): Demand for Skilled Labour in High
Growth Sectors

Estimated Coefficients: Specification (2)
Adjustment Coefficients Long Run Parameters
SLAT | A, 0.193 | 5, 0.099 Skilled Unskilled
In(§73%) Bsuo | -0.131 [ 651 | 0.018 | 7, | 0.096 | 7., | 0.096
In(NO) Osno 0.009 | bsn1 -.0556 Yen | 0.127 Yur | -0.127
Constant | Dgs Dgy | Dgs Dgs | Dgr| Dgg| Dsgg Dy
-.0013 | .0007 | .0028 | .0010 | .0018 | .0012 | .0004 | .0023 | -.0002

Table 4.10: Estimated Coeflicients of Equation (2.11): Demand for Skilled Labour in High
Growth Sectors

Elasticity Estimates: Specification (2)
] Substitution | Own and Cross Demand
O sy Egu = —Es5 | Eus = —Eyy
Period average 1.46 1.03 0.43
1979 1.52 1.15 0.37
1990 1.43 0.95 0.48

Table 4.11: Estimated Elasticities of Substitution and Demand For Skilled and Unskilled
Labour in High Growth Sectors
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4.1.3. The Demand for Skilled Workers: Declining Sectors

Table 4.1 gives some descriptive statistics on the data for the declining group of sectors.

Skilled Workers, 29 Declining Sectors
SLAT | CLAT, | CLIW,, gffvg + | NOg Qs
Mean 0.19 | £15,971 | £9,566 1.67 63 | £85,315
Standard Deviation 0.09 | £6,384| £3,770 0.33 90 | £74,729

Table 4.12: Descriptive Statistics on Panel Data for Declining Sectors

Estimation Diagnostics for Equation (4.1)

Joint Significance of: (1) (2) (3)
Aln($H7) 15.39 (.00) | x2(3) | 31.05 (.00) | x2(3) | 61.98(.00) | x2(3)
Ahl(((f,?{lﬂ-,) D8790 0.99 (80) X2(3)

Aln(NO) 16.97 (.00) x2(3) | 3.06 (.22) x2(3)

Aln(Q) 5.25 (.16) x2(3) | 5.39 (.07) x2(3)

(a) lag=2 6.37 (27) |  x2(5)

Time Dummies 4.56 (.87) x2(9) | 23.66 (.01) | x2(10) | 46.16(.00) | x2(10)
Other Diagnostics:

Sargan Test 40.71(.06) | x2(28) | 72.23 (.01) x2(45) | 101.63(.00) | x2(49)
my -0.73 (.47) N(O, 1) | -2.82 (.01) | N(0,1) | -3.33(.00) ( , 1)
Mo -0.57 (.57) | N(0,1) | -1.87 (.06) | N(0,1) | -1.61(.11) | N(0,1)
Instruments Used: SLAT;: 5..SLAT; 4 SLAT; ,..SLAT; ¢ SLAT; 5..SLAT, 4
Observations: 261=29x9 (82-90) 290=29x10 (81-90) 290=29x10 (81-90)

Table 4.13: Demand for Skilled Workers in Declining Sectors: Testing General Specification

The diagnostic results of estimating equation (4.1) for this group of sectors reported
in Table 4.13 indicate some of the misspecification problems encountered in attempting to
model a long-run demand for labour function for this sector. The most general specification
(1) was rejected by the m; first-order serial correlation test. This invalidates the AB GMM

estimadtor.

Dropping the time dummies did not improve the diagnostics, despite their joint insignif-
icance in specification (1), in particular there was still no evidence of first order autocorrela-
tion. So we decided to proceed via an alternative route, omitting the second lag, extending




the instrument set and omitting the 1987-1990 structural break variable. The diagnos-
tics for this specification (2) are given in Table 4.13. The diagnostics for this specification
are marginally better, however the hypothesis of no second-order serial correlation is only
marginally accepted at the 6% level while the Sargan test decisively rejects the overidenti-
fying restrictions. Indeed the Sargan test rejects every reduction of specification (1) for the
declining sectors. This may be due to a high degree of heteroscedasticity within this group
since the Sargan test is not robust to heteroscedasticity (see Arrellano and Bond, 1988).

Estimated Coeflicients: Specification (3)

Adjustment Coeflicients Long_Run Parameters
SLAT As 0.363 Skilled Unskilled
In($27%) | bouo -0.112 You | -0.143 Yus | -0.143
Constant Dgg D83 D84 D85 D86 D87
-.00001  .00009 | .00004 | .00007 | -.00001 | .00017 | .00008

Degs Dgg Dyo
-.00025  .00006 | .00029

Table 4.14: Estimated Coefficients of Equation (2.11): Demand for Skilled Labour in De-
clining Sectors

Elasticity Estimates: Specification (3)

| Substitution | Own and Cross Demand

Osy Esu = —Ess5 | Eus = —Eyy

Period average -0.028 -0.024 -0.005
1979 -0.095 -0.081 -0.015
1990 0.047 0.038 0.009

Table 4.15: Estimated Elasticities of Substitution and Demand For Skilled and Unskilled
Labour in Declining Sectors

The implied coefficients of specification (2) violate standard economic theory (negative
elasticity of substitution and positive own elasticity of demand). A further reduction of
specification (1), omitting both the firm entry/exit and scale effects is not rejected by the
my and my diagnostic tests. These tests are shown as specification (3) in Table (4.13).

The estimated behavioural parameters and implied elasticity estimates from specification
(3) are given in Tables 4.14 and 4.15. The results indicate that the elasticity of substitution
and demand between skilled and unskilled labour is zero. Time specific effects are jointly
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significant suggesting the importance of technological shocks to labour demand for this group
of sectors. The signs of the coefficients suggest that in most years technological shocks have
been biased in favour of skilled labour (with the notable exception of 1988 where an estimated
0.725 percentage point was knocked off the skilled labour share)?.

22The time effect coefficients are presented as deviations from the constant term in each period. Note
that in interpreting these coefficients they should be multiplied by 29, the number of sectors, to arrive at
meaningful magnitudes since we are using weighted data.
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4.2. The Demand for Homogenous Labour

In this section we present the results of estimating the demand for labour relative to capital.
Labour is defined as a homogenous single input, aggregated across the skilled, unskilled
and clerical worker categories. The general specification of the equation for the demand for
homogenous labour, where there are only two inputs, labour and capital, is given by:

ASLt = 7T1ASLt—1+7T2ASLt_2
PK PK

PK
+7rlk'0A1n(?L_)t + T A m(ﬁ)%l + oA m(ﬁ)t——i?
PK PK
R RUITIPTAN ln(‘éf)t - Dgrg0t + k14N IH(E)t - Dgrg0t—1
PK
+7koa A In( o3 )t - Dargot—2
+7TanA 1I1(N0)t + '/TlnlA ID(NO)t_l + ’/T[ngA ID(NO)t_Z (42)

+mM0A In(Q)s + M Aln(Q) -1 + mpeA In{Q)—o
+7T82D82 + WtDt

Most of the estimated equations show signs of misspecification. This in itself is a powerful
argument for disaggregating the labour input. The shifts in the relative shares of different
types of labour suggested from the analysis in Kearney (1997) would suggest that aggregation
across different types of labour is not valid.

4.2.1. The Demand for Labour : Medium Growth Sectors

Table 4.16 reports the diagnostic tests of estimating equation (4.2) for the medium-growth
group of sectors. The general specification (1) is rejected by the Sargan test, specification
(2) re-estimates this omitting time dummies (given their insignificance).

The parameter estimates for specification (2) indicate a similar pattern with relation to
the firm entry/exit and scale regressors as for the skilled results, with the scale effect much
weaker than the composition effect. A net new firm will increase labour’s share of value
added while an increase in scale will increase capital’s share of value added.

The estimated elasticity of substitution between labour and capital is high (close to
two in 1990). However imposing perfect substitutability between different types of labour,
given that the results in section 4.1 indicated very low substitutability between skilled and
unskilled labour, makes this result difficult to interpret.
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Estimation Diagnostics for Equation (4.2)
Joint Significance of: (1) (2)
Aln(&r) 5.58 (13) | x2(3) | 4.37(22)| x2(3)
An(ZE) - Dareo 8.45 (04) | x2(3) | 6.80 (02)] x2(3)
Aln(NO) 188 (18) | x2(3) | 5.23 (16)| x2(3)
Aln(Q) 19.31 (.00) | x2(3) | 36.32 (.00) | x2(3)
(2) lag=2 12.62 (03) | x2(5) | 17.17 (00) | x2(5)
(b) lag=2 12.61 (.01) | x2(4) | 16.97 (.00) | x2(4)
Time Dummies 10.97 (.28) | x2(9)
Other Diagnostics:
Sargan Test 46.40 (.02) | x2(28) | 41.15 (.05) x=2(28)
m 2.48 (01) | N(0,1) | -2.40 (:02) [ N(0, 1)
ma 0.94 (.35) | N(0,1) | 1.04 (.30) | N(0,1)
Instruments Used: SLi3..80i g SLi_3..8L: g
Observations: 261=29x9 (82-90) 261=29x9 (82-90)

Table 4.16: Demand for Homogenous Labour in Medium Growth Sectors: Testing General

Specification
Estimated Coeflicients: Specification (2)

| Adjustment Coefficients Long_Run Parameters
SL As 0.793 | B, -0.748 Labour Capital
In(&E) Oio | 0.026 | ber | -0.027 | v | 0.079 | v | 0.079
hl(%—?) . D8790 6lk0d 0.037 6lk1d 0.080 Vikd 0.159 Yeld 0.159
hl(NO) 51n0 -0.079 61711 -0.162 Yin 0.263 Yien -0.263
IH(Q) 5lq0 -0.452 5lq1 -0.479 Yig -0.094 Ykq 0.094

Table 4.17: Estimated Coefficients of Equation (2.11): Demand for Homogenous Labour in
Medium Growth Sectors
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Elasticity Estimates: Specification (2)
| Substitution | Own and Cross Demand
Ok Elk = —EY €kl = —Ekk
Period average 1.317 0.618 0.699
1979 1.319 0.589 0.730
1990 1.316 0.680 0.636
1990% 1.951 1.009 0.943

Table 4.18: Estimated Elasticities of Substitution and Demand For Labour and Capital in
Medium Growth Sectors
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4.2.2. The Demand for Labour : High Growth Sectors

Degrees of freedom restrictions meant that equation (4.2) could not be estimated for the
eleven high-growth sectors. Instead we estimated several competing reductions of this equa-
tion; Table 4.19 gives the diagnostic test results for the more important of these. For all four
variants the Sargan test did not signify any evidence of misspecification, hence it was not a
useful tool in discriminating between the models.

Specification (1) omits the scale variable and the structural break variable, this speci-
fication is rejected at the margin by the m; first-order autocorrelation test. Specification
(2) omits the firm entry/exit variable and the structural break variable; while the diagnostic
tests do not signal any serious misspecification problems the implied elasticity of substitution
is negative violating standard economic theory. The relative price term in this specification
is not significant. Specification (3) omits both the scale and firm entry/exit variables, this
specification is rejected by the diagnostic tests (m;). In addition this specification indicates
that both the time dummies and the structural break dummies are insignificant.

The specification (4), which excludes any price variables but includes both scale and firm
entry/exit effects, is the only one without specification problems based on one or more of
the following: serial correlation tests, the sign of the estimated elasticities, the significance
of the included variables.

Estimation Diagnostics for Equation (4.2): General Specification
Joint Significance of: (1) (2) (3) (4)
Aln(%s) 32.0000) | x2(3) | 6.7008) | x2(3) | 16.200) | x2(3)
Aln(&F) - Dareo 5.33(.15) | x2(3)
Aln(NO) 22.3(.00) | x2(3) 31.2(.00) | x2(3)
Aln(Q) 163.6(.00) | x2(3) 187.9(.00) | x2(3)
(a) lag=2 42.3(.00) | x2(3) | 18.7(.00) | x2(3) | 30.5(.00) | x2(3) | 19.2(.00) | x2(3)
Time Dummies 107.700) | x209) | 69.100) | x2(9) | 121(21) | x2(9) | 26.3¢00) | x2(9)
Other Diagnostics:
Sargan Test 38.6(.27) | x2(34) | 39.6(.23) | x2(34) | 26.9(.80) | x2(34) | 38.9(.26) | x2(34)
my ~1.9(.06) | N(0,1) | -2.00.04) | N(0,1) | —1.8(07) | N(O,1) | —2.3(.02) | N(0,1)
Mo —0.4(.66) | N(0,1) | —1.4(17) | N(©,1) | 013(90) | NO) | —1.2(22) | N(0,1)
Instruments Used: SLi_3..5L; 9 :
Observations: 99 = 11x9(1982 — 1990)
Average oy, 0.542 | -0.51 | 1.07 | 1.00

Table 4.19: Demand for Homogenous Workers in High Growth Sectors: Testing General
Specification
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Estimated Coefficients: Specification (4)
] Adjustment Coeflicients Long_Run Parameters
SL As 0.404 | B, -0.597 Labour Capital
ID(NO) (5an 0.068 (5[,11 0.036 Yin 0.007 Yikn -0.007
h’l(Q) 51q0 -0.107 (51q1 -0.064 ’)Qq -0.012 Ykq 0.012
Constant | Dss Dsgq | Dags Dgg Dgr Dgg Dgqg Dy
-0.0012 | 0.0012 | 0.0013 | 0.0029 | 0.0012 { 0.0005 | 0.0010 | -0.0004 | 0.0031

Table 4.20: Estimated Coefficients of Equation (2.11): Demand for Homogenous Labour in
High Growth Sectors

Tables 4.20 and 4.21 give the estimated coefficients and elasticities from specification (4).
This specification estimates a Cobb-Douglas technology with the elasticity of substitution
equal to one. (The estimated elasticity in specification (3) is also close to one.)

The time dummies indicate that technology shocks were biased in favour of labour pre-
1986, in 1987-1989 they were biased against labour and the strongest positive shock is in
1990%.

Firm entry is biased towards labour, scale effects are biased towards capital (and stronger).
These latter arguably are capturing the distortionary impact which transfer pricing in this
group of sectors has on the official data for value-added and output.

Elasticity Estimates: Specification (4)

| Substitution | Own and Cross Demand

Oik ik = —E&u Epl = —Ekk
Period average 1.00 0.799 0.201
1979 1.00 0.751 0.249
1990 ‘ 1.00 0.824 0.176

Table 4.21: Estimated Elasticities of Substitution and Demand For Labour and Capital in
High Growth Sectors

23These time dummies should be multiplied by 11, the number of sectors, to arrive at meaningful magni-
tudes since we are using weighted data.
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4.2.3. The Demand for Labour : Declining Sectors

Diagnostics for Equation (4.2)
Joint Significance of: (1) (2)
Aln(PK) 8.22 (.04) | x2(3) | 34.1(.00) | x2(3)
Ahl( ) D87go 440 ( 22) X2(3)
Aln(NO) 0.94 (.82) | x2(3)
Aln(Q) 8.87 (.03) | x2(3)
(a) lag=2 12.55 (.03) | x2(5) 2.7 (.26) | x2(2)
(b) lag=2 7.09 ((13) |  x2(4)
Time Dummies 20.28 (.02) | x2(9) | 29.3(.00) | x2(9)
Other Diagnostics:
Sargan Test 117.87 (.00) | x2(28) 159.7 (.00) | x2(37)
my -2.31 (.02) | N(0,1) | -1.69 (.09) | N(0,1)
Mo -0.12 (.91) | N(0,1) | 0.43 (.67) | N(0,1)
Instruments Used: SLi_3..80_9
Observations: 261=29x9 (82-90)
Table 4.22: Demand for Homogenous Labour in Declining Sectors: Testing General Specifi-
cation

Table 4.22 gives the diagnostic tests for estimating equation (4.2) for the declining group
of sectors. As in Section 4.1 the Sargan test rejects the overidentifying restrictions for the
general specification and for all reductions. We proceed on the assumption that this is partly
due to non-robustness of this test to heteroscedasticity.

Further reductions of this general specification were rejected by the diagnostic tests.
Specification (2) in Table 4.22 reports the results of estimating a simple factor demand
system, this is rejected by the first-order autocorrelation tests. Further it violates standard
economic theory with an implied elasticity of substitution between labour and capital of
-0.135 (based on period average).

There is evidence of a high degree of multicollinearity between the scale variable (@) and
the firm entry/exit variable (N O) in specification (1). To control for this a reparameterisation
of these variables was introduced into the equation using NO and % as regressors. This
improved the precision of the NO variable (x2(3) = 4.39(0.22)). Any further reductions of
this system led to misspecification indicated by the m; and ms measures of autocorrelation.

The implied elasticity estimates from specification (1) are negative violating standard
economic theory. Firm exit reduces labour’s share of value-added. Between 1982 and 1990
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(the estimation period) all except one of the 29 sectors in the declining group experienced a
decline in the number of firms. From a peak of 2,100 firms in 1982 the total number of firms
in these sectors fell to 1,534 by 1990. This suggests that the firms which remain are more
capital intensive than those which exited.

The coefficient on gross output is positive, given that all of these sectors experienced
a decline in gross output (by definition) this implies an increase in the capital-intensity
of production. This coefficient may also be capturing misspecification consequent upon
aggregating labour. Time dummies are significant and large. In all but three periods they
are biased against labour.

Estimated Coeflicients: Specification (1)

] Adjustment Coefficients Long Run Parameters

S L Ag 1.037 | B, -0.857 Labour Capital
In(&F) Sio | -0.454 | &1 | -0.351 Yie | -0.528 | 7 | -0.528
In(%7) - Dsroo  6ikoa | -0.073 | Gk1a | -0.108 | ~jka | 0.087 | yua | 0.087
In(NO) Oino 0.259 | b1 0.223 Yin | 0497 | vin | -0.497
In(Q) Oigo | -0.181 | 611 0.190 g | 0.128 Yrq | -0.128
Constant | Dss Dgy | Dgs Dgg Dg7 Dgg | Dsgg Dy
-.0017 .0016 | .0028 | .0005 | .0027 | -.0009 | .0014 | .0029 | .0014

Table 4.23: Estimated Coefficients of Equation (2.11): Demand for Homogenous Labour in
Declining Sectors

Elasticity Estimates: Specification 1
| Substitution | Own and Cross Demand
Olk Elk = —EY Ekl = —Ekk
Period average -1.35 -0.46 -0.89
1979 -1.31 -0.46 -0.84
1990 -1.22 -0.48 -0.74
1990« -0.85 -0.33 -0.52

Table 4.24: Estimated Elasticities of Substitution and Demand For Labour and Capital in
Declining Sectors
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4.3. Summary of Partial Systems Results

A number of stylised facts relevant to modelling the three groups of sectors emerge from

these empirical results:
The Demand for Skilled Labour Relative to Unskilled Labour:

1.

Technological Shocks (Time Dummies): For the medium-growth group of sectors time
dummies are not significant. For the declining group technological shocks were largely
biased towards skilled labour. For the High growth group there is evidence of significant
and large technological shocks which vary in impact from year to year.

Long Run Firm Turnover Effects (Number of Firms Per Sector): These are significant
for the high-growth and the medium-growth groups and indicate that (net) additional
new firms will increase the skilled labour share. There is no evidence of firm turnover
effects for the declining group of sectors.

Long Run Scale Effects (Gross Output): Estimated scale effects are weaker than firm
turnover effects. For the medium-growth group they are biased towards unskilled
labour, for the high-growth group they are biased towards skilled labour. There is no
evidence of scale effects for the declining group of sectors.

Long Run Substitution Possibilities: The results suggest limited to zero substitutability
between skilled and unskilled labour for the medium-growth and declining groups. By
contrast the high-growth group has evidence of a high degree of substitutability between
these factors (elasticity of substitution greater than one).

Lag Length=2: Reducing the lag length from two to one is rejected in all but the
declining group.

Long Run Structural Break in Elasticities post-1987: The inclusion of an interactive
dummy variable on the relative price term was rejected for all groups.

The Demand for Homogenous Labour Relative to Capital:

1.

Technological Shocks (Time Dummies): For the medium-growth group of sectors time
dummies are not significant. For the declining and High growth group there is evidence
of significant and large technological shocks which vary in impact from year to year.

Long-Run Firm Turnover Effects (Number of Firms Per Sector): These are significant
for all groups. They indicate that (net) additional new firms will increase labour’s

share of value added.
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3. Long-Run Scale Effects (Gross Output): Estimated scale effects are biased in favour of
capital in the high-growth group, this effect is stronger than the firm turnover effect.
In the medium-growth group they are also biased towards capital but are much weaker.
For the declining group however they are biased towards labour. Given the fact that
output growth has been negative in this group this captures a long-run downward trend
in labour’s share of value added.

4. Long-Run Substitution Possibilities: The results suggest high substitutability between
labour and capital for the medium-growth group. The high-growth group has evidence
of a Cobb-Douglas technology. The declining group results violated standard economic
theory.

5. Lag Length=2: Reducing the lag length from two to one is rejected in all groups.

6. Long-Run Structural Break in Elasticities post-1987: The inclusion of an interactive
dummy variable on the relative price term was not rejected for the medium-growth
and declining groups.

The results of estimating the demand for homogenous labour indicated misspecification
while the results of estimating the demand for skilled labour indicated limited substitution
with unskilled labour for both the medium and declining groups of sectors. On the face of
it, this is a strong argument in favour of disaggregating the labour input in estimating the
relationship between labour and capital.
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5. Empirical Results: Full Systems Estimation

The results from the partial systems estimation strongly suggest the necessity of moving to

~a full set of interrelated factor demand equations if we are to fully understand the evolution
in the demand for different types of labour, and the demand for this labour relative to
capital in the Irish manufacturing sector in the 1980s. In this section we report the results
of estimating the full set of interrelated factor demand equations as set out in Section 7.
Estimation is done for each of our three groups of sectors for four factors: skilled labour,
unskilled labour, clerical workers and capital.

We include second-order lags in all equations, in addition we test for both firm turnover
and scale effects and a full set of time dummies. However we do not test for a structural
break in 1987 as the partial systems estimation suggested that this was not significant.

As discussed in Section 3.3, we compared instrumental variables estimators with multi-
variate least squares and FIML?* estimates of (2.18). In all cases the IV and GMM estima-
tors were very unstable, with a failure to converge®® and high estimated covariance terms.
By contrast the least squares results did converge with sensible coefficient estimates which
agreed with the partial systems estimates. Therefore, despite unresolved issues relating to
the small-sample properties of these estimators (see Krishnakumar (1992) p.149), we used
the multivariate least squares and FIML estimates in further full systems estimation.

Skilled | Unskilled | Clerical | Capital
High Growth 0.051 0.126 0.024 0.799
Medium Growth | 0.096 0.380 0.055 0.470
Declining 0.101 0.503 0.054 0.343

Table 5.1: Average Shares for Skilled Labour, Unskilled Labour, Clerical Workers and Capital
Services in Total Value Added

Table 5.1 gives the average shares of each factor in total value added. This gives an
indication of the different mix of factors in each group. The very high share of capital in
total value added in the high-growth group, almost 80%, is an indication of the distortion
which transfer pricing introduces into the data for these sectors. By contrast over 50% of
total value-added is accounted for by the unskilled wage bill in the declining group.

24Initial values for FIML estimates were taken from multivariate least squares estimates.

25Where convergence refers to minimising a criterion function, (e.g. the sum of squared residuals or minus
the log of the likelihood function) through an iterative process of “squeezing” the parameter vector. When
the iterative process fails to improve convergence, iteration ceases. All systems estimation was done using
the TSP package.
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Skilled Unskilled Clerical
No. | Within | Between | No. [ Within | Between | No. | Within | Between
High Growth
1979 | 3,210 | 12.0% 13.7% | 21,058 | 78.7% 11.5% | 2,494 9.3% 12.2%
1990 | 8,321 | 18.25% 33.7% | 31,681 | 69.4% 21.4% | 5,625 | 12.3% 26.9%
Medium Growth
1979 | 13,238 | 11.2% 56.7% | 92,991 | 78.9% 50.9% | 11,659 9.9% 57.3%
1990 | 11,808 | 11.8% 47.8% | 76,556 | 76.7% 51.7% | 11,434 | 11.5% | 54.65
Declining
1979 | 6,904 8.5% 29.6% | 68,545 | 83.9% 37.5% | 6,198 7.6% 30.5%
1990 | 4,572 9.5% 18.5% | 39,724 | 82.5% 26.8% | 3,866 8.05 18.5%

No. = Numbers Employed; Within = Percentage of Within Group (Row) Total

Between = Percentage of Between Groups (Column) Total

Table 5.2: Within and Between Groups Shares of Total Skilled, Unskilled and Clerical Em-
ployment

Table 5.2 shows the within group and between group shares in 1979 and 1990 for skilled,
unskilled and clerical employment. Looking first at the within group shares we can see
that the high-growth group’s employment mix shifted towards employing more skilled and
clerical workers, with a cumulative growth rate in employment levels of 159% and 126% over
the period 1979-1990. There was comparatively little change in the medium-growth and
declining groups factor mix over the period, although in both there was a gradual decline in
the unskilled employment share.

Turning now to the between group shares we see that the high-growth group’s share of
total skilled employment increased by twenty percentage points over this period, its share
of unskilled employment by ten percentage points and its share of clerical employment by
fourteen percentage points. This group recorded an increase in total employment of over
18,800. In the declining group total employment fell by approximately 33,500, with over
28,800 of this decline in unskilled employment. The most stable share is in the medium-
growth group which employs approximately half of all unskilled workers in the sample both
at the beginning and end of the period and accounts for just over 50% of total employment
both in 1979 and 1990.

These differences are reflected in the results we report in this section. The estimation
of long run factor demand functions was most successful for the medium-growth group of
sectors with the underlying parameters indicating limited substitution possibilities between
factors except for clerical-unskilled labour which are complements in production. The results
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for the high-growth group suggested a different underlying production technology, with ev-
idence of capital-skill and clerical-skill complementarity in production and a greater degree
of substitutability between skilled labour and unskilled labour. The results for the declin-
ing group were very unstable. They suggested a long-run Cobb-Douglas technology in this

group.

5.1. Medium Growth Sectors

The estimation results reported here are based on FIML estimation?. The hypotheses listed
in Table 5.3 are Wald tests applied to the estimated system. They test the following (joint)
hypotheses:

1. H; : Long Run Price Homogeneity

2. Hsy : Long Run Symmetry

3. Hs: Long Run Price Homogeneity and Symmetry
4. H,: Time Dummies Insignificant

5. Hs : Cobb-Douglas Technology With No Scale or Firm Turnover Effects (All long-run
coefficients jointly insignificant)

6. Hg : Long Run Homotheticity (Scale Effects Insignificant)
7. Hy7: Firm Turnover Effects Insignificant

8. Hg : Second Lag Insignificant

In addition the table shows the last value of the squared average error in the parameters
prior to convergence (CRIT).

In Table 5.3 specification (1) is the most general specification, which includes time dum-
mies and imposes no behavioural restrictions. The restrictions imposed by price homogene-
ity and symmetry are not rejected by this specification. Time dummies are insignificant, as
found in the partial systems estimation. Re-estimation with price homogeneity and sym-
metry imposed (specification (2)) also finds the time dummies insignificant. Our preferred
specification (3), which imposes both long-run price homogeneity and symmetry, omits these
time dummies. In this preferred specification the long-run coefficients in the factor demand
equations are found to be jointly significant. While the long-run scale coefficients are jointly

26FIML estimates were preferred over multivariate least squares because there was much faster convergence.

46



it

(1) (2) )
Hi:Y,v;=0i=h,l,c| x2(3)]0.042(.99)
Hy vy =76, Y4,5;5 #1 | x2(3) | 0.12(.99)
H3 : HlﬂHz X2(6) 058(10 )
H, : D, = OVt x2(36) | 7.46(1.00) | 8.89(1.00)
Hs: vy =0,i=h,1,c x2(3) 0.23(.97) 0.57(.90)
H; v =0,i=h,1,c Y2(3) 2.50(.47) 8.58(.03)
Hs : s = 0,4, 2(36) 124.55(.00) | 220.04(.00)
InL 6077.7 6071.1 6054.3
NxT 261 261 261
1982-1990 | 1982-1990 1982-1990
CRIT 0.0001 0.0011 0.0002
(1) General Specification; (2) With Long-run Homotheticity and Symmetry
(3) With Long-Run Homotheticity and Symmetry, no time dummies

Table 5.3: Specification Testing of Four Equation Factor Demand System for Medium
Growth Sectors: Based on FIML Estimation of (2.18)

insignificant in this specification (Hs) we found that dropping these led to behaviourally im-
plausible elasticity signs (positive own elasticity of demand for clerical workers and capital).
Therefore we retained these long-run scale effects in our preferred specification.

Table 5.4 gives the elasticities of substitution and demand between skilled, unskilled, cler-
ical and capital for the medium-growth group as estimated from the long run parameters®’.
These elasticities are evaluated using the period average factor shares.

The Allen own and cross elasticity of substitution is computed using the product of the
relevant factor shares as the denominator (see equation (2.6)). Thus factors with very low
shares will tend to have high computed elasticities of substitution. This partly explains why
the magnitude of the own and cross elasticities of substitution for clerical labour (share=
0.055) and to some extent skilled labour (share= 0.096) are so high.

The signs of the Allen elasticities of substitution rank the pairwise substitutability be-
tween different factors as ranging from very high substitutability for clerical-capital, clerical-

2"The estimated long run coefficients with standard errors in parentheses are:

Yin Yeh Vel Tk Yk Yek Thq Yig  Veq Thn Yin Yen

—-012 .007 —.11 —.036 .054 .071 —.112 .234¢ .193 —.051 —.074 —.009
(01)  (04) (06) (04) (10) (10) (16) (:36) (38) (05)  (15)  (12)
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Allen Elasticity of Substitution, o;;

Skilled | Unskilled | Clerical | Capital
Skilled -4.99 0.67 2.43 0.19
Unskilled -1.16 -4.31 1.30
Clerical -6.57 3.75
Capital -1.53

Morishima Elasticity of Substitution, u;

Skilled | Unskilled | Clerical | Capital
Skilled 0.69 0.49 0.81
Unskilled 0.54 0.12 1.33
Clerical 0.71 -1.20 2.48
Capital 0.49 0.93 0.56

Gross Price Elasticity of Demand, ¢;;

Skilled | Unskilled | Clerical | Capital
Skilled -0.48 0.25 0.13 0.09
Unskilled 0.06 -0.44 -0.24 0.61
Clerical 0.23 -1.64 -0.36 1.76
Capital 0.02 0.49 0.21 -0.72

Table 5.4: Estimated Elasticities of Substitution and Demand Between Skilled Labour, Un-
skilled Labour, Clerical Workers and Capital Services: Medium Growth Sectors

skilled and capital-unskilled, to limited substitutability between skilled and unskilled, to
almost zero substitutability between skilled and capital, to a very high degree of comple-
mentarity between clerical and unskilled. By contrast the signs of the Morishima elasticities
of substitution suggest that while clerical workers are strong complements with unskilled
labour, unskilled workers are actually limited substitutes for clerical workers.

These elasticity of substitution estimates, and the estimated gross elasticities of demand
(which measure the changes in the demand for each factor in response to a one percent change
in a given factor price holding output constant), indicate a series of distinctive technical and
economic relationships between factors.

1. The own price elasticities of demand are low and of a similar order of magnitude for
all three categories of labour, ranging from -0.36 for clerical labour to -0.48 for skilled
labour. The own elasticity of demand for capital, while slightly higher at -0.72, is also
relatively inelastic.
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2. Both skilled labour and capital are most sensitive to changes in their own price with
limited response to changes in other factor prices.

3. Skilled labour has a limited substitution response to changes in the price of unskilled or
clerical workers, while substitutability with capital is close to zero. A lower substitution
in response to clerical workers than to unskilled workers may reflect the skill specificity
of clerical work (typing, shorthand, telephone operators, etc.)

4. Clerical workers are strong complements to unskilled workers. A 1% fall in the price
of unskilled labour has a larger proportionate positive effect on clerical employment
(1.64%) than on unskilled employment (0.44%).

5. Clerical workers are strong substitutes for capital while capital is a weak substitute for
clerical workers.

6. There is a relatively high degree of substitutability between unskilled workers and
capital. By contrast unskilled workers are weak complements to clerical workers.

What do these elasticities imply for the evolution of employment in response to changes
in both general and relative wage levels? Given different partial elasticities of substitution
for the different categories of labour, the effect of an increase in general wage levels will
differ across labour type. Shadman-Meta and Sneesens (1995), in a study of the demand for
skilled and unskilled labour in France over the period 1962-1989, found significantly different
effects of an increase in general wage levels on the demand for skilled and unskilled labour
(an elasticity of -0.25 for unskilled labour and -0.15 for skilled labour).

The implied gross elasticity of total employment with respect to wages (measured as the
response to a 1% overall increase in wages with no change in relative wages or output) for
the medium-growth group of sectors is -0.1 for skilled workers, -0.62 for unskilled workers
and -1.77 for clerical workers. Thus we can see that a general increase in wage levels has a
large differential effect on the demand for skilled, unskilled and clerical labour.

Changes in relative wages will cause changes in relative employment ratios. Furthermore
the impact of increases in relative wage levels on the relative demand for labour depends on
which category of wage is responsible for the change. This asymmetry is directly measured
by the Morishima elasticity of substitution. We can summarise these relationships as follows:

1. Skilled Relative to Unskilled Labour: The elasticity of skilled labour relative to unskilled
labour is very similar whether the increase in the unskilled/skilled wage is due to a rise
in unskilled wages (0.69) or a fall in skilled wages (0.54).
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2. Skilled Relative to Clerical Labour: The reverse applies to the demand for skilled labour
relative to clerical labour, which is higher if skilled wages fall (0.71) than if clerical
wages rise (0.49). But again the magnitude of the responses is not hugely different.

3. Unskilled Relative to Clerical Labour: There is however a strong asymmetric response
in the demand for unskilled labour relative to clerical labour depending on whether
clerical wages rise (an elasticity of 0.12) or unskilled wages fall (-1.20). A fall in
unskilled wages will cause a larger proportionate fall in the ratio of unskilled to clerical
labour because of the very high negative elasticity of demand for clerical workers in
response to changes in unskilled wages.

Overall there is not much differential impact on unskilled relative to skilled employment
depending on which component of the relative wage changes, however there is a strong
asymmetric effect for unskilled relative to clerical employment. Finally note that labour to
capital ratios are more responsive to changes in the cost of capital than changes in wages for

each category of labour.
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5.2. High-Growth Sectors

0 )
H Y7 =0i=hlc| x(3)] 1.38(.71)
Hy vy =75, V4,5;5 #1 | x2(3) | 5.54(.14)
H3 . Hl n H2 X2(6) 7. 96( 24)
Hy: D, =0Vt x2(36) | 56.85(.01) | 57.71(.01)
Hs v = 0,%,7 x2(12) 143.69(.00)
He 7 =0,i=h,1,c X2(3) 7.40(.06)
Hy:vin =0,i=h,l,c x2(3) 21.12(.00)
Hs : T2 = 0,4, ] X2(36) 329.61(.00)
InL 2303.1 2301.8
NxT 99 99
1982-1990 | 1982.1990
CRIT 0.0012 0.0009 0.0007
(1) General Specification;
(2) With Long-run Homotheticity and Symmetry

Table 5.5: Specification Testing of Four Equation Factor Demand System for Medium
Growth Sectors: Based on Multivariate Least Squares Estimation of 2.18

Estimation was done using multivariate least squares with standard errors robust to het-
eroscedasticity. The reported results in Table 5.5 indicate that homotheticity and symmetry
were not rejected by the general specification (1) based on estimating equations (2.18). Re-
estimation with homogeneity and symmetry imposed - specification (2) - indicated that all
other long-run variables are significant, in addition the time dummies are significant.

Table 5.6 gives the estimated elasticities of substitution and demand for the high-growth
group®. The estimated own elasticity of substitution and demand for skilled labour is
positive violating standard economic theory. However the estimated own price elasticity of
demand for skilled labour is close to zero which we consider plausible. As discussed earlier,
the formula for the Allen partial elasticity of substitution contains in the denominator the
product of the factor shares so that the estimated elasticities for factors with very low shares
may sometimes look strange. This is why the ranking of factors’ pairwise relationships

28These were computed from the following estimated long-run parameters:

Yin Yeh Vel Yhi Yik Yek Yhg Yig Yeq Yan Vi Yen

.008 -—.006 .003 -.054 —.047 -—.006 .011 .011 .009 -.023 -—.015 —.003
(.007)  (.004) (.008)  (.008) (.021) (.004)  (.007) (.020) (.004) (.005) (.052) (.007)
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Allen Elasticity of Substitution, o;;

Skilled | Unskilled | Clerical | Capital
Skilled 0.95 2.27 -3.76 -0.31
Unskilled -4.71 2.12 0.53
Clerical -26.30 0.69
Capital -0.08

Morishima Elasticity of Substitution, u;;

Skilled | Unskilled | Clerical | Capital
Skilled 0.88 0.53 -0.18
Unskilled 0.07 0.67 0.49
Clerical -0.24 0.86 0.62
Capital -0.06 0.66 0.64

Gross Price Elasticity of Demand, ¢,

Skilled | Unskilled | Clerical | Capital
Skilled 0.05 0.29 -0.09 -0.25
Unskilled 0.12 -0.59 0.05 0.43
Clerical -0.19 0.27 -0.62 0.55
Capital -0.02 0.07 0.02 -0.07

Table 5.6: Estimated Elasticities of Substitution and Demand Between Skilled Labour, Un-
skilled Labour, Clerical Workers and Capital Services: High Growth Sectors

implied by the Allen partial elasticities is more reliable than the actual magnitudes. In
addition to this small denominator problem there is the added difficulty for the high-growth
group that transfer pricing distortions in the data mean that the labour share is understated.

The signs of the Allen elasticities rank the pairwise substitutability between different fac-
tors as ranging from high substitutability for skilled-unskilled, unskilled-clerical, to limited
substitutability between unskilled and capital and clerical-capital, to limited complementar-
ity between skilled and capital, to high complementarity between skilled and clerical. By
contrast the Morishima elasticities suggest that while clerical labour is a complement to
skilled labour, skilled labour is a substitute for clerical labour.

The following technical and economic relationships are implied by these estimates:

1. The own elasticity of demand for skilled labour is positive but very close to zero (0.05).
The own elasticity of demand for capital is also very close to zero (-0.07). The own price
elasticity of demand for unskilled (-0.59) and clerical labour (-0.62) are very similar
and both indicate inelastic demand.

52



o.
6.

. Skilled labour and capital are weak complements. While the demand for capital is not

responsive to the skilled wage (-0.02) the demand for skilled labour does have a limited
response to the cost of capital (-0.25). This is an important finding since it supports
the skill-capital complementarity hypothesis.

Skilled labour and clerical labour are also weak complements. The demand for clerical
labour increases in response to a fall in the skilled wage (-0.19), the demand for skilled
labour increases by less (-0.09) in response to a fall in the clerical wage.

Skilled labour and unskilled labour are limited substitutes. Also clerical labour and
unskilled labour are limited substitutes. This latter contrasts directly with the re-
sults for the medium-growth group where clerical labour and unskilled labour were
complements.

Unskilled labour and clerical labour are both limited substitutes for capital.

The demand for capital is estimated to have almost zero sensitivity to changes in wages.

The implied gross elasticity of total employment with respect to wages for the high-
growth sectors is +0.25 for skilled labour, -0.42 for unskilled and -0.54 for clerical. The
positive elasticity for skilled labour is noteworthy. The demand for skilled labour is not
sensitive to a rise in the price of skilled labour but will increase given a rise in the price of
unskilled labour.

The limited sensitivity of skilled labour demand to changes in the skilled or clerical wage
has also implications for the evolution of relative employment ratios in response to changes
in wages:

1.

Skilled Relative to Unskilled Labour: The increase in the ratio of skilled to unskilled
labour is very different if unskilled wages rise (0.88) than if skilled wages fall (0.07).

Skilled Relative to Clerical Labour: The ratio of skilled to clerical labour increases if
the clerical wage rises (0.53) but will fall if the skilled wage falls (-0.24).

Unskilled Relative to Clerical Labour: The elasticity of unskilled labour relative to
clerical labour is very similar whether the unskilled wage changes (0.86) or the clerical

wage changes (0.67).

Overall these results suggest that the demand for capital is highly inelastic and the
demand for skilled labour marginally less so. The capital-skill complementarity hypothesis
is supported with slightly weaker evidence of clerical-skill complementarity.
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5.3. Declining Sectors

The estimation of a full set of dynamic factor demand equations for the declining group
of sectors proved extremely difficult. The general specification (2.18) of the four factor
demand equations failed to converge in estimation?® as can be seen in Table 5.7. No long-
run relations were found to be significant, in addition the full set of time dummies was found
to be insignificant. Specification (3) which excludes all long-run coefficients was the only
estimation which achieved convergence as can be seen from the values of CRIT in Table 5.7.

(1) (2) (3)

Hy: D, =0Vt x2(36) 20.2(.98)
Hs : v =0,V x2(12) | 0.42(1.00) 0.24(1.00)
Hs :yig=0,i=h,l,c | x2(3)|0.0001(1.00) | 0.00005(1.00)
Hy  %m =0,i=h,l,c| x2(3) | 0.0001(1.00) | 0.00005(1.00)
Hg : 70 = 0, ¥4, ] x2(36) | 126.22(.00) 54.83(.02) 323.7(.00)
InL 2665.1 2761.6 5692.4
Nx*T 261 261 261

1982-1990 1982-1990 1982-1990
CRIT 6.06 874.7 0.0011

(1) With Long-Run Homotheticity and Symmetry
(2) With Long-Run Homotheticity and Symmetry, no time dummies
(3) Cobb-Douglas, no time dummies, no Long-Run Scale or Firm Turnover Effects

Table 5.7: Specification Testing of Four Equation Factor Demand System for Declining
Sectors: Based on Multivariate Least Squares Estimation of (2.18)

This specification implies a Cobb-Douglas technology with all cross-elasticities of substi-
tution equal to one. All cross price elasticity of demand terms are equal to the factor share.
Table 5.12 in the next section uses these elasticity estimates to compute the implied change
in skilled, unskilled and clerical employment due to a change in other factor prices relative to
that factor’s own price. These “guesstimates” seriously overestimate 1990 employment levels
in this group of sectors, by 52% for skilled employment, over 80% for unskilled employment
and 43% for clerical employment.

The dynamic equations for the declining group are shown in Section 8. Each equation
shows dynamic adjustment to the level of each factor share rather than to a set of error
correction terms. There is evidence of strong short-run decreasing returns to firm turnover

29 All estimation was carried out using multivariate least squares with heteroscedastic-consistent standard
€errors.
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Gross Price Elasticity of Demand, ¢;
Skilled | Unskilled | Clerical | Capital
Skilled -0.90 0.50 0.05 0.34
Unskilled 0.10 -0.50 0.05 0.34
Clerical 0.10 0.50 -0.95 0.34
Capital 0.10 0.50 0.05 -0.66

Table 5.8: Estimated Elasticities of Substitution and Demand Between Skilled Labour, Un-
skilled Labour, Clerical Workers and Capital Services: Declining Sectors

for unskilled labour and strong increasing returns for capital. There is also evidence of
short-run increasing returns to scale for capital.

Overall we consider the results for the declining group to be very unsatisfactory and
do not analyse them further. The interesting implication of this exercise is that it is very
difficult to model stable long-run behaviour for a group of industries in secular decline.

5.4. The Estimated Dynamics

The main purpose of estimating these factor demand functions is to uncover evidence of
stable long-run relations between the different factors. The inclusion of a full set of dynamics
up to lag two is used solely because long-run behaviour cannot plausibly be held to always
manifest itself within a single time period prescribed by the data. Thus the main focus of our
discussion up to now has been on the long-run relations estimated within a framework that
allows for short-run asymmetric deviations from long-run behaviour. Here we look briefly
at some of the broad characteristics of the estimated dynamic equations for the medium-
growth and high-growth groups. The full set of estimated dynamic equations for the three
sectoral groups are set out in Section 8. Parsimonious reductions of these equations was not
attempted so the individual coefficient estimates have low precision.

Medium Growth Dynamic Equations:

The adjustment coefficients on the long-run error correction terms are all correctly signed.

1. S}, equation: The coefficient on the skilled labour error correction term is greater than
one (1.59) indicating significant short-run overshooting of equilibrium. Also the short-
run coefficient on the lagged endogenous variable is greater than one (-1.34). The prices
of skilled labour and capital are significant. There is evidence of a negative lagged firm

turnover effect.

2. 5) equation: The only short-run coefficients of significance are on the scale and firm
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turnover variables. These indicate short-run decreasing returns to scale and to new
firm entry for unskilled labour.

3. S. equation: There is marginal evidence of decreasing returns to scale and new firm
entry for clerical labour.

4. Sy equation: The adjustment coefficients for this equation are derived via the adding up
condition. The short-run parameters indicate significant short-run increasing returns
to scale. '

High Growth Dynamic Equations:

1. Sj equation: There is evidence of a negative short-run firm turnover effect. Time
dummies oscillate between positive and negative effects.

2. 5 equation: The adjustment coefficients on the long-run error correction terms are
positive. The coefficients on the time dummies are very large in this equation and the
majority are negative. This would suggest technical bias against unskilled labour.

3. S equation: The coefficient on the clerical labour error correction term is greater
than one (1.49) indicating significant short-run overshooting of equilibrium. Also the
short-run coefficient on the lagged endogenous variable is greater than one (-1.29).Time
dummies are generally negative.

4. Sy equation: The adjustment coefficients on the long-run error correction terms are all
negative, this implies a positive adjustment coefficient on the long-run capital relation.
Time dummies oscillate between positive and negative effects.

5.5. Discussion of Estimated Results
5.5.1. What are the Differences Between Groups?

In a recent paper Garcia Cervero (1997) argued that the degree of substitutability between
skilled and unskilled labour is negatively related to the rate of technological progress in an
industry or group of industries. Industries with relatively new technologies, where the rate
of technological progress is rapid, will have very low substitutability between skilled and
unskilled workers. These industries will have skill-capital complementarity in production
and a higher than average share of skilled workers. By contrast industries with mature
technologies, where the rate of technological progress is low, will have installed processes
with more user-friendly capital which will increase the possibility of substituting (cheaper)
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unskilled labour for skilled labour. Skill-capital complementarity is no longer necessary and
the share of skilled workers is lower than in the new technology industries.

This profile of new technology industries and mature technology industries matches well
with our High growth and medium-growth groups of sectors. The former is concentrated in
industries where the pace of technological change is very rapid, these have a higher skilled
labour share than the average and there is evidence of skill-capital complementarity in pro-
duction. Conversely the medium-growth growth group have more installed production pro-
cesses, they have a lower skilled labour share than the average and there is no support for
the skill-complementarity hypothesis.

Do our results support the hypothesis of a lower elasticity of substitution in the new
technology industries? The answer is yes but depends crucially on looking at the (asym-
metric) Morishima elasticities of substitution. The Allen partial elasticity of substitution
between skilled and unskilled labour is higher in the high-growth group (2.27) than in the
medium-growth group (0.67). On the face of it this would reject the hypothesis. However
the Morishima elasticity of substitution between unskilled and skilled labour in response to
a change in the skilled wage is much lower in the high-growth group than in the medium-
growth group. By contrast the elasticity of substitution between skilled and unskilled labour
in response to a change in the unskilled wage is much higher in the high-growth group than
in the medium-growth group. These asymmetries reflect the fact that the demand for skilled
labour in the high-growth group is much more inelastic than in the medium-growth group
while the demand for unskilled labour is more elastic in the high-growth group.

A second, related, set of differences emerged for the role of clerical labour in the two
groups of sectors. In the high-growth group clerical labour is a complement to skilled labour
(-0.19 given a change in the skilled wage) while in the medium-growth group clerical labour
is a complement to unskilled labour (-1.64 given a change in the unskilled wage). This would
suggest that the nature of clerical employment in the two groups is different. Specifically it
wotlld suggest a higher level of embodied skills for clerical labour in the high-growth group.
As shown in Table 5.2 the increase in clerical employment in the manufacturing sector was
particularly marked in the high-growth group®.

In the medium-growth group the picture is more complicated, the net decrease in total
clerical employment is composed of an increase in male employment (+289) and a fall in
female clerical employment (-514). The complementarity between clerical labour and un-
skilled labour in the medium-growth group, coupled with a high degree of clerical-capital
substitutability, would suggest that the large fall in female clerical employment reflects the
replacement of traditional clerical workers with information technology (widespread com-

®0There was a roughly equal increase in both male [1,570 or 174%)] and female [1,561 or 98%) clerical
employment.
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puterisation, increased use of PCs, digital telephone exchanges, etc.). Furthermore there
was a large increase in clerical wages relative to unskilled wages for the medium-growth
group. These patterns would suggest that some of the fall in female clerical employment
was concentrated in low-paid or part-time employment as discussed in Kearney (1997)3!.
One could argue further that, at the same time, the increase in male clerical employment
reflects an increase in information technology skill requirements for clerical workers or, more
fundamentally, a change in the nature of clerical work traditionally dominated by female
workers.

5.5.2. What are the Differences Between Labour Types?

Alongside these differences across groups there are clear, consistent differences across the
different types of labour. Clerical employment is the most elastic in the face of a change in
the general wage level while skilled employment is the most inelastic. The gross elasticity
of total employment with respect to wages is estimated at -0.1, -0.62 and -1.77 for skilled,
unskilled and clerical labour in the medium-growth group and +0.25, -0.42 and -0.54 in the
high-growth group. Thus a general wage shock to the manufacturing sector will increase the
skilled labour share relative to unskilled and clerical.

Turning to the impact of relative wage shocks the prognosis for unskilled labour relative
to skilled labour is also bleak. A 1% increase in the unskilled wage will increase the skilled-
unskilled labour ratio by 0.69% in the medium-growth group and 0.88% in the high-growth
group, quite a high level of substitution. However a reverse shock, a 1% increase in the
skilled wage, will only reduce the ratio of skilled to unskilled employment by -0.54% in the
medium-growth group and -0.07% in the high-growth group.

5.5.3. How plausible are these results for Ireland?

How plausible are these results in modelling the demand for labour in the Irish manufacturing
sector? In particular, how do they compare with previous studies of the demand for labour
in Ireland? To answer this question we compare our results with an earlier study of the Irish
manufacturing sector covering the period 1970-1987. In this study Bradley et al. (1993)
model output and input determination in Irish manufacturing for two separate sectors, the
‘modern’ sector (similar to our high-growth group) and the ‘traditional’ sector (similar to
our medium-growth and declining groups combined). The model is set up as a two-stage
process. In the first stage the firm makes the “high-level” investment decision on where to

31Replacing part-time workers with full-time workers will artificially inflate measured wages since our data
do not distinguish these categories.
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locate production based on world demand and competitiveness (domestic factor costs relative
to foreign factor costs). In the second stage the demand for four factors of production, con-
ditional on output from the first stage, is estimated within a cost-minimisation framework32.
Their factor demand specification includes labour, capital, materials and energy inputs.

It is difficult to directly compare their results both because they do not disaggregate the
labour input and because they do not assume weak separability with material and energy
inputs in production. What is comparable, and similar with our results, is the magnitude of
their long-run gross elasticities which indicate limited substitution between factors (together
with limited labour-capital complementarity in the traditional sector®®). Bradley et al. ar-
gue that these limited substitution possiblities are plausible for Irish manufacturing. The
argument is as follows. The effect of an increase in one of more factor prices, in addition to
limited changes in the factor mix, will be an overall deterioration in competitiveness. In a
small open economy, such as Ireland, where investment is easily transferred across geograph-
ical borders this will cause new investment to relocate elsewhere. Thus an increase in one
or more factor prices will cause limited changes in the factor mix but a relatively large fall
in output.

The net elasticity of demand for different factors, which is parameterised by the own price
elasticity of demand for output (see equation (2.9)), includes this output effect. Bradley et
al. (1993) estimated a very high price elasticity of demand for output in the traditional
sector (-3.3 in 1987) and much lower in the modern sector (-0.5 in 1987). In Table 5.9 we use
these estimates to provide rough guesstimates of the net elasticities of demand for skilled,
unskilled, clerical labour and capital.

The net elasticity “guesstimates” for the medium-growth group indicate that, when we
allow for an output response to an increase in one or more wage rates, the impact on the
demand for labour is much more pronounced and everywhere negative. By contrast the net
elasticity guesstimates for the high-growth sector suggest that even allowing for output to
respond fully to a change in factor prices the demand for both skilled and clerical labour
will rise given an increase in the unskilled wage.

32Bradley et al. (1993) use a Generalised Leontief specification with capital quasi-fixed in the short-run.

33Bradley et al. suggest that capital and labour, when conditioned on value-added, are substitutes in
this sector. However they argue that since most of material and energy inputs in the traditional sector are
imported, any rise in domestic costs {labour or capital) will cause substitution of value-added for imported
inputs and that this effect dominates giving rise to labour-capital complementarity. This hypothesis cannot
be tested within our value-added specification but would concur with our finding that, conditional on value-
added, labour and capital are substitutes in the Medium group.
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Net Price Elasticity of Demand, ¢};

Medium Growth High Growth
Skilled | Unskilled | Clerical | Capital | Skilled | Unskilled | Clerical | Capital
Skilled -0.79 -1.00 -0.05 -1.46 0.02 0.22 -0.10 -0.68
Unskilled | -0.25 -1.69 -0.42 -0.94 0.09 -0.66 0.04 -0.01
Clerical -0.08 -2.89 -0.54 0.21] -0.22 0.20 -0.64 0.11
Capital -0.30 -0.76 0.02 -2.27 | -0.04 -0.00 0.00 -0.50

Table 5.9: Guesstimates of Net Elasticity Estimates

5.5.4. How do the results compare with International Stylised Facts?

How do these results compare with international evidence on the demand for labour? Hamer-
mesh (1993, Chapter 3) surveys a wide range of empirical literature on the parameters char-
acterising labour demand and summarises the main findings from this research in seven
stylised facts (p.135). Four of these are relevant to our study here:

1.

‘We know the absolute value of the constant elasticity of demand for homogenous labor
for a typical firm, and for the aggregate economy in the long Tun, is above 0 and below
1. Its value is probably bracketed by the interval [0.15, 0.75], with 0.30 being a good
“best guess.” ’ Our only estimates of the elasticity of demand for homogenous labour
comes from the partial systems estimation. Using these results we test the hypothesis

Hi: —ey < 1.

‘We are fairly sure that the own-wage demand elasticity decreases as the skill embodied
m a group of workers increases.” We test this using the results of the full systems

estimation as Hy : —&,5 < —€yu

‘We are fairly sure than capital and skill are p-complements®t.’ Using the full systems
estimates this hypothesis can be formulated as H3 : g4, < 0Neg, <0

‘We are fairly sure that workers and hours are both p-substitutes for capital.” We as-
sume workers to refer to clerical and unskilled labour. Using the full systems estimates
this hypothesis can be formulated as Hy : €y > 0Nepy > 0Neg > 0Nege >0

341f elasticities are derived from the cost function where price (p) changes exogenously and the quantity
response is measured then the relationship between factors is defined as p-substitutes or p- complements.
This is the formulation we have been using throughout. @-complements refer to elasticities derived from the
production fucntion where quantities (g) change exogenously and the price response is measured.
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| High Growth | Medium Growth
H) Yes, falls between [0,1] Yes falls between [0.25,0.75]

H, Yes No: —gg44 > —€ya
H; Yes No: g > 0 and g¢, > 0
Hy Yes Yes

Table 5.10: Are International Stylised Facts on Labour Demand Supported By Our Esti-
mates?

Table 5.10 summarises the support for these stylised facts in our estimated factor demand
functions®. For the first hypothesis our estimated elasticity of demand for homogenous
labour is higher than the 0.30 best guess (0.799 for high-growth and 0.618 for medium-
growth) but does fall within the interval indicated. The second hypothesis is supported
by the High Growth results but rejected the medium-growth results. Recall, however, that
an alternative version of this hypothesis is supported by both groups as described earlier,
namely the general-wage demand elasticity for skilled labour is lower than for unskilled
labour in both groups of sectors. The third hypothesis is accepted for the high-growth group
but rejected for the medium-growth group while the fourth is accepted for both. Overall
our results for the high-growth group concur with the set of stylised facts distilled from
the international evidence by Hamermesh, while the evidence for the skill-complementarity
hypothesis for the medium-growth group is more mixed.

5.5.5. How well do the elasticity estimates proxy the actual change in employ-
ment?

Finally we look at the employment levels implied by our estimated cross-price elasticities
of demand. Table 5.11 shows the cumulative change in relative factor prices in the three
sectors between 1979 and 1990. We use the estimated cross elasticities of demand and the
change in other factor prices relative to that factor’s own price to estimate the implied level
of employment in 1990. Table 5.12 gives the resulting “guesstimates” for skilled, unskilled
and clerical employment. By comparing these with the actual employment numbers in 1990
we can estimate how much of the total change in employment is accounted for by changes
in other factor prices.

For the medium-growth group the estimates are reasonably close to actual levels. Skilled
employment is overestimated by almost 13%, unskilled by over 17% while clerical employment
is underestimated by almost 3%. For the declining group employment is hugely overestimated

35We omit the Declining sector results from this analysis.
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High | Medium | Declining
Skilled/Unskilled | P,/P, | -6.33 2.29 4.13
Skilled/Clerical P./P, 2.67 -9.72 -10.9
Unskilled/Clerical | P,/ P, 9.61 -11.74 -14.43
Skilled/Capital P,/P. | -3.45 2.81 -4.81
Unskilled/Capital | Py/ Py 3.08 0.51 -8.58
Clerical/Capital | Py,/Py | -5.96 13.88 6.83
Number of Firms | NO 80.02 4.33 -16.37
Gross QOutput Q 342.20 35.84 -29.32

Table 5.11: Cumulative Percentage Change in Relative Factor Prices, Number of Firms and
Gross Output 1979-1990 (Weighted Data)

| Actual | Guesstimate | % of Actual
High Growth
Skilled 8,321 3,251 39.1%
Unskilled | 31,681 20,541 64.8%
Clerical 5,625 2,632 46.8%
Medium Growth
Skilled | 11.808 13319 112.8%
Unskilled | 76,556 89,919 117.4%
Clerical 11,434 11,130 97.3%
Declining
Skilled 4,572 6,931 151.6%
Unskilled | 39,724 71,658 180.4%
Clerical 3,866 5,544 143.4%

Table 5.12: Guesstimates of 1990 Employment Levels Using Gross Cross Elasticity of De-
mand Estimates
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Medium Growth | High Growth
Q NO Q NO
Skilled Share Sn | -1.17 -0.53 | +0.21 | -0.44
Unskilled Share | S; | +0.62 -0.19 | +0.09 | -0.12
Clerical Share | S, | +3.53 -0.16 | +0.38 | -0.13
Capital Share S. | -0.67 +0.28 | -0.04 | +0.05

Table 5.13: Estimated Elasticity of Factor Shares With Respect to Scale and Firm Turnover
Effects: Estimates Based on Long-Run Parameters and Average Shares

while for the high-growth group employment is seriously underestimated.

The underestimation for the high-growth sectors is not surprising. To understand the
evolution of employment in this group we must take into account the very large net increase
in the number of firms (+80%) and the huge expansion in output (342% cumulative growth
in real output) over the period. Table 5.13 gives the estimated percentage response of factor
shares with respect to scale and firm turnover effects. Scale effects are biased strongly in
favour of labour, especially skilled and clerical labour. Firm turnover effects are biased in
favour of capital, on average net new firms have higher capital intensity.

It is also not surprising that the declining group’s employment is overestimated using
the estimated elasticities since little or no reliance can be placed in the estimation results
obtained for this group of sectors. As argued in Kearney (1997) the continuous secular
decline of this group of relatively low-skilled sectors over the period reflects the impact
which strong cost competitiveness from low-wage countries has had as the Irish economy
became increasingly open through the 1970s and 1980s. In these circumstances modelling
long-run cost-minimising behaviour conditional on output for this group of sectors cannot
work with output itself in freefall.

6. Conclusions

In this paper we estimate the long-run demand for labour in the Irish manufacturing sector
in the 1980s for a variety of specifications. Firstly we estimate the demand for skilled labour
relative to unskilled labour assuming that the skilled-unskilled factor mix is separable from
all other factors of production. Secondly we estimate the demand for homogenous labour
relative to capital. In addition to assuming the labour-capital mix is separable in production
this also assumes that the demand for skilled and unskilled labour is identical. Finally we
estimate the demand for three categories of labour, skilled, unskilled and clerical, jointly
with the demand for capital. This specification assumes that the value-added generated
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from these inputs is separable in production from other factor inputs.

In addition to tackling the issue of heterogeneity of the labour input in production, we
also explicitly address the issue of heterogeneity of output in production. That is we group
our dataset of manufacturing sectors according to output growth performance where our
taxonomy covers three types of sectors, namely high-growth, medium-growth and declining

- sectors.

The full systems results suggest some very important differences between the different
groups of sectors and different types of labour, thereby confirming both output heterogeneity
and labour input heterogeneity. The main findings can be summarised as follows:

1. A shock to the general wage level has a much larger impact on the demand for unskilled
labour than the demand for skilled labour. In fact we found that a general increase in
wages would lead to an increase in skilled employment in the high-growth group.

2. A shock to the skilled-unskilled wage level caused by a rise in the skilled wage has a
smaller impact on the ratio of skilled to unskilled employment than a shock caused
by a fall in the unskilled wage. This asymmetry is particularly pronounced for the
high-growth group where the skilled-unskilled wage gap narrowed over the period.

3. Our results for the high-growth group of sectors support the skill-capital complementar-
ity hypothesis, together with some evidence of technical bias against unskilled labour.
By contrast the results for the medium-growth group find no evidence of skill-capital
complementarity and no evidence of technical bias.

4. Firm turnover has a significant influence on the factor mix for both groups. Net new
firms were found to be more capital-intensive than the average for both groups.

5. Scale effects were found in general to be biased in favour of labour inputs. It is diffi-
cult to interpret this effect since it may also be capturing evidence of misspecification
consequent on the assumption that value-added is separable from gross output.

6. The role of clerical labour is different in the two groups. In the high-growth group cler-
ical labour has more embodied skills than in the medium-growth group. We interpret
this as capturing the idiosyncratic impact which the spread of information technology
has had on the skill requirements of clerical jobs.

7. For the declining group of sectors we could not find evidence of long-run cost-minimising
behaviour. This is a group where both the number of firms and gross output are in
secular decline.
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Overall the results confirm the trends suggested by the descriptive analysis in Kearney
(1997). The medium-growth group has a relatively stable technology underlying its produc-
tion process with little evidence of skill-biased technical change or trade effects. Most of
the relatively minor shifts in factor shares in this group are accounted for by movements
in relative factor prices. This group numbered over half of all manufacturing employment
throughout the period under study. The declining group lends support to the “trade effect”
hypothesis where these low-skill technologies are relocating from Ireland to low-wage coun-
tries. By contrast during the 1980s the high-growth group underwent rapid expansion, its
behaviour corresponds closely with the “skill-biased technical change” hypothesis.
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7. Specification of Dynamic Equations and Relationship with Esti-
mated Coeflicients

The following four equations are the behavioural equations from (2.15) with short-run adding
up restrictions imposed:

AShst = BrhAShst—1 + BrulSist—1 + BreASesti—1 + SpnoAln Prgs + SpioAIn Py,

"’_(sh.cOA In Pcst + 5hk0A In Pk:st + 5thA In Qst + 6hnOA In NOst
+Orm1AIn Prg—1 + 6pn A Pigy—1 + 8pea AN Pogp 1 + Spe1 Aln Prgy_y (7.1)
+6hqlA In Qst-—l + 6h.nlA In NOst—l

~ARhECMUhst—2 — ARIECTNst—9 — ARc€CTM st o

ASis = BinAShsi—1 + BulSist—1 + BieASest—1 + oA 1In Brgs + 80 In Py

+6lcOA In Pcst + 5llc0A In Plcst + 5lqOA In Qst + 5ln0A In NOst
+0in1Aln Pogt—1 + 6 Aln Py + 61 Aln Pogy 1 + 81 Aln Py (7.2)
+5lq1A In Qst—l + 6ln1A In NOst—l

—ARECMpst—2 — AUECTN 5t — Nic€CTMcot2

AS’cst = 6ch,ASh.st—l + /BclASlst—l + ﬁccAScst—l + 6ch0A In Phst + 6CIOA In -Plst

+5cc0A In Pcst + 5ck:OA In Pkst + 5chA In Qst + 5cnOA In Nost

+6ch1A]~n Phst—l + 6cllA]-n -Plst—-l + (5cc1A]~nPcst——1 + 5ck1A In Pk:st—l (73)
+5cq1Athst—l + (5m1Aln NOst_l

~Ach€CMpst—2 — Ad€CTMst—2 — Acc€CMest—2

ASkss = —(Brn + Bk + Ben) AShst—1 — (Bri + Bu + Bat) ASisi—1

~(Bhe + Bic + Bec) AScst—1 + OknoA In Prgy + OrioAln Py

+0re0 A In Prgp + OkpoAIn Prgy + kg0 A In Qo + OenoAIn NO, (7.4)
+0en1 AN Phgt—1 + Opn Aln Pigg—y + Open Aln Pogy—1 + 6pp1 A1n Prge s
+0k1 AN Qg1 + k1 AN NOgq

+(Arn + Ain + Acn)ecmiasi—a + (An + Au + Aa)ecmyse—o
+(Ahc + Alc + /\cc)ecmcst—Z
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These four equations include 93 parameters for estimation. First differencing, which
eliminates the constant terms, reduces this to 90 parameters. Given the six short-run adding-
up restrictions this leaves 84 free parameters to be estimated.

7.1. Recovering the Short-Run Adjustment Coefficients from the Estimated Equa-
tions

The 7 coefficients which are estimated using the set of first difference equations (2.18) identify

the short-run adjustment coefficients as follows:
Factor h: Short-Run Adjustment Coefficients:

Ther = 1+ Bhn ThE2 = —Brh — Ark
Thi1 = Bh Thi2 = —Pn — Al
Thel = Phe The2 = ~Bhe = Ahe
Thiao = Ohno Thi1 = Oph1 — Ohho
Thio = Onio Thit = Oni1 — Ohio
Theo = Ohed Thel = Ohel — Ohed
Thio = Ohko Thkl = Onk1 — Onko
Thqo = Onqo Thal = Ohgi — Ohqo

Thno = Ohno = Ohgo  Thni = (Ohn1 — Orno) — (Ohq1 — Ongo)
Factor [: Short-Run Adjustment Coefficients:

T = Bk T2 = —Bin — Ain
mr1 =1+ By mire = —Bu — Au
mic1 = Bie mic2 = ~Bie — Aie
TR0 = Olko Tin1 = O1n1 — O1ro
o = Ouo 1 = Our — uo
o = Oic0 Tier = O1e1 — O1c0
ko = O1ko k1 = Ok — Ouko
Tig0 = Olq0 g1 = 0191 — b1q0

Tin0 = Oimo — O1g0 Tin1 = (Oin1 — Oino) — (Gig1 — big0)
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Factor ¢: Short-Run Adjustment Coefficients:

el = Ben o2 = —Beh — Ach
Ter1 = Ba Ter2 = —Pa — A
TeC1 = 1+ /Bcc TeC2 = —'ﬂcc - /\cc
Tehy = 5ch,0 Tehl = Ochl — 6ch0
et = Ocio o1 = 01 — Oclo
Tecd = Occo Teel = Ocel = Occd
Teko = Ocko Tek1 = Ock1 — Ocko
Tegd = 5cqo Teqr = 5cq1 - 5cq0

Teng = 6cn0 - 6cq0 Tent = (5cn1 - 6cn ) - (5cq1 - 5cq0)

Factor k: Short-Run Adjustment Coefficients:
Ter1 = —(Brh + Bin + Ben)  Trrre = —(Brn + Bin + Ben) — Ak + An + Ach)
Ter1 = — (B + Bu+ Br)  Trre = —(Bu + Bu + Bri) — (i + Au + Aat)
Tec1 = —(Bhe + Bic + Bec)  Thoz = —(Bhe + Bic + Pec) = (Mhe + Aie + Aee)

Tkho = Okh0 Tkhl = Okh1 — Okko

Tkio = Oki0 ki1 = Okt — Okio

Tked = Okco Thel = Okel ~ Oken

Tkko = Okko Tkl = Okk1 — Okko

Tkgd = Okq0 Tkq1 = Okq1 — Okq0

Tkn0 = Okno — Okqo Tkl = (Skn1 — Okno) — (Skq1 — Okqo)

Using these estimated coefficients (which include the adding up restrictions on the short-
run coefficients used for identification)) the parameters of B™, Dy, D; and A, in equation
(2.15) can be recovered:

Brh Bri Bhe Thi1 — 1 ThLl ThCl

B Bu B | _ TIH1 M — 1 TiCL

Ber Ba Bee | TeH1 TeLl Tec1 — 1

Brr Bri Bhre L —Tpg1 — Mg — Tegn 1 — Thpt — Mgy — Tep1 1 — Ther — Mol — Tect

This matrix of twelve coefficients is estimated with nine free parameters and three adding-
up restrictions.
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Ohho Oni0 Ohed Orko Ongo  Ohmo Thho Th0 Thed ThkO Thed Thno + Theo

bino Ouo G0 Oko G0 Omo | _ | TR0 Tuo M0 ko g0  Tino + Tigo
Ocho Octo Occo ko Ocgo Ocno Tech0 Teld Teed Tckd Teqd Tend + Meqo
Okho Okt ko Okko 5kqo Okno Tkho Th0 Thd Tkk0 Thqd Tkn0 T+ Tkqo

This matrix of twenty-four coefficients is estimated without restrictions.

Onn1 Om1 Ohar Ork1 Ohgt Onmni

b1 Our Gl Gukr Gt O

6ch1 5cl 1 5::(:1 6ck1 5cq1 6cn 1

L Okh1 Okit Oket Okk1 Okqi Okni

[ Thil + The0 ThiL + Th0 Thel + Thed Thkl + Thk0 Thel + Thed Thni + Thql + Thno + Thqo
Tihl + Tiho  Tur + 7o Tl + 70 Tkl + ko Tigl + Tig0 Tl + Mgl + Tino + g0

Tehl + Teho Tell + Teld Teel + Tecd ekl + Meko Teql + Teqd  Tenl + Teql + Meno + Teq0
| Tkht + Tkro  Tril + Thi0 Thel + Thcd  Thkl + Tkk0  Thql + Thq0  Thnl + Tkql + Thkno + Tkqo

This matrix of twenty-four coefficients is estimated without restrictions.

Ahh Ahl Ake 1 — The — Thi? —ThL2 = ThL1 —ThC1 — ThC2

Ain A A | — M H1 — TIH2 1 —mpo — mp1 —Tc1 — TiC2

A A Aee | —TeH1 — TeH?2 —Ter2 = MeLl 1 — 71 — Tec2
Ak Akl Ake Dot=1,2 2imhie TiHt — L 2otm192 2 imhic Milt — 1 2o4m12 Doimhic Tict — 1

This matrix of twelve coefficients is estimated with nine free parameters and three adding-
up restrictions. In total we estimate 66 short-run coefficients. The remaining 18 free param-
eters estimated determine the long-run parameters of interest.
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7.2. Recovering the Long-Run Parameters from the Estimated Coefficients

Factor h: Long-Run Parameters:
Thh2 = Ahh * Yhh + Akl - Yih + Ahe * Yeh — Onia
Thi2 = Arh * Val + Ant YL+ Ahe * Vel — Onit
The2 = Ahk * Yhe T Arl * Yie + Ahe * Yee — Oha
Thik2 = Akh * Yak + Aul - Vik + Ahe * Yok = Ohk1
Thq2 = Ak * Yhg + Anl - Vig + Ahe * Yeqg — Orqt
TThn2 = )‘hh ) (’Yhn - 7hq) + /\hl : (’Yln - ’qu) + )‘hc : (7cn - 7cq) - (6hn1 - 5hq1)
Factor [: Long-Run Parameters:
Tih2 = Ain * Yeh + A - Yin + Aie * Yeh = Oth1
Tz = Ain* Ya -+ A Y+ Aie - Yo — Out
T2 = ANib * Yae + At Vie — Ale * Yee — Olet
k2 = Ain* Yok + A Ve + A - Yok — ikt
Tig2 = Mk - Thg + A - Vg + Xic * Yeq — i1
Tin2 = At (Yhn — Yrg) + M- (Yin = Yig) + e - (Yen = Veg) — (611 — S
Factor ¢: Long-Run Parameters: )
Teh2 = Ach * Yo + Ad " Vih + Ace * Veh — Och1
T2 = Ach * Yht + At Vit + Ace - Yoo — bt
Tec2 = /\ch * Yhe + )‘cl *Vie + /\cc * Yee — 6cc1
Tek2 = Ach * Yhk + Ak + Ace * Yok — Ock1
Teq2 = Ach * Thq T A Vig + Ace * Yeg — Ocq1
Ten2 = /\ch ) (thn '_ 7hq) + )\cl : ('-Yln - ’qu) -+ )‘cc : (7cn - ’ch) - (6cnl - 5cql)
Factor k: Long-Run Parameters:
Ter2 = (Ark + Aih + Ack) * Yrh + (Ant + A+ Aa) - Yin + (Ane + Aic + Ace) Ve — Oknt
Triz = (Anh + An + Aew) - Yot + (An + A+ Aa) -+ (Pre + e + Ace) Y — Ok
ke = (Arn + Mp + Ach) - Yhe + (An + A+ Aa) Ve + (Ane + A + Ace) * Yee — Oka
Tek2 = (Anh + Ain + Acn) = Yrie + (At + A+ Aa) e + (Ane + A + Ace) - Yk — ki1
Tegz = (Anh + Me + Ack) - Yag + (Ant + Au 4 Aa) Vg + (Mhe + Aie + Ace) * Yeq — Okqr
Ten2 = (Anh + Mr + Ach) - (Thn — Yhe) + (Ant + Au + Aa) . (Vin — Yq)
+()‘hc + A + >‘CC) ’ (’ch - ’YCq) - (5kn1 - 5kq1)

The behavioural parameters of interest can be recovered from the estimated parameters
as follows:
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Note that the linear dependent coefficients in the capital services equation are excluded
so that each matrix here is of full rank. The long-run parameters of the capital services
equation are derived as an identity given the adding-up condition:

Parameters for Factor Capital:
Yeh = (Vb FVh+Yer) Y ==+ + V) Yee = =(Vhe + Vie + Vec)
Ve = = (Yt + Vi + Yek)  Vog = —(Vhg + Vg + Yeg)  Yen = —(Van + Yin + Yen)

Finally the theoretical restrictions of price homogeneity and symmetry can be tested
using the following relations:

Price Homogeneity:
Yuh = — (i + Yhe + k) | Y = —(vn + Yie + Nk) | Yee = = (Yeh + Vet + Yek)
Symmetry:
Vhi = Yin | Vhe = Yeh I Vie = Yal
Symmetry applied to Capital Services Equation:
Yeh = Vhk ] Yel = ik ] Yee = Yeck
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R Yhe Yhk Yhg TYhn l — g1 — Thee  —Thiz — Thil —ThC1 — ThC2
I, = Yin Y Yie Yik Vg Vn | = —TiH1 — TH?2 1 —mps —mp —Tc1 — TC2

L Yeh Y Ve Yk Yeg Yen —TcH1 — TcH2 =TeL2 — TeLl 1- TeC1 — TeC2
[ Zt=0,1,2 T hht Zt=0,1,2 Thit Zt=0,1,2 Thet Zt=0,1,2 T hkt Zt=0,1,2 Thqt Zt=0,1,2 (Whnt + ’frhqt)
Zt:o,l,z Tiht Zt=0,1,2 T Zt=0,1,2 et Zt=0,1,2 Tkt Zt=0,1,2 Tigt Zt=0,1,2 (7rlnt + ﬂ'zqt)
| 20t=0,1,2 Tcht  2t=0,1,2 Telt  2.t=0,1,2 Tect 2.¢=0,1,2 ekt 2t=0,1,2 Tegt  2-t=0,1,2(Tent + Tegt)
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8. The Estimated Dynamic Factor Equations

8.1. Medium Growth Sectors

Equation for Skilled Labour:
A‘S’hst = - ](-2'%‘)17 AShst—l_ (()1%)2 ASlst—l’“ ?;%)2 AScst—l'i' (20]3()) Aln Phst_ (()005"-))’ A ]-nPlst
—0.02 Aln Py~ 0.02 Aln Py — 0.05 Aln Qs — 0.03 Aln NOs,
(.02) (.01) (.05) (.03)
+ 0.09 Aln Phst~1—' 0.03 AlIlBst_]_"‘ .002 Alﬂpcst_l— 0.02 Aln Plcst-—l
(.03) (.04) (.03) (.01)
- (()017? Aln Qst—l_ (()O]é()) Aln NOst—l

- %3575)9 €CTNpst—o— (2..115? €CM gt~ (2.-3%9 €CMcst—2

Equation for Unskilled Labour:
ASjst = — 0.34 ASpg—1— 0.56 AS;4_1+ 0.15 AS.;_1+ 0.06 Aln P+ 0.12 Aln B,
(..50) (33) (58) (o7 (.08)

+ 0.000003 Aln P.;— 0.004 Aln Ps;— 0.26 AlnQ:— 0.26 AIn NO,;,

(.05) (.03) (13) (.09)
—0.05 Aln Phst—1+ 0.02 Aln Bst—l—“ 0.06 Aln Pcst—l" 0.01 Aln Pkst—l

(.09) (.09) (.05) (.02)

—0.02AInQu_1— (2.017;4 AlnNOg 1

(13)
+- O(..(g50)7 eCMpgi—9— (23”{55)) ecMyst_o-+ (()..638? €CMcst—2

Equation for Clerical Labour:
AScst =0.27 AShst-—l+ 0.37 AS[St...l— 0.61 ASCSt_1~ 0.04 AhlPhst—' 0.07 Aln Bst
(.24) (.20) (21) (.03) (.05)

+ 0.06 Aln P+ 0.008 Aln Pegs— 0.12 Aln Qg — 0.09 Aln NO,
(.03) (.01) (.07) (.04)
—0.07 AlIn Prst—1— 0.13 Aln Py 1+ 0.04 Aln P14+ 0.02 Aln Pegy—y
(.04) (.06) (.03) (.02)
+0.08 Aln Qst——1+ 0.04 Aln NOst_l
(.10) (.05)

+ (()43)2 €CMpst—2+ 9.'1%? eCMygt—o— (().-4%} €CMcst—2

Equation for Capital:
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ASkst = 1-41A‘5’hst—-1 - 0.31AS[st_1 + 0.87AScst_1-— (()121()) AlIlPhst—- (()114)2 A]Il})[st
—0.02 Aln Fee+ 0.04 Aln Pe+ 0.30 Aln Q— 0.16 Aln NOy;
(.05) (.03) (.14) (.10)
—009AIn Phst—l_ 0.09 A].Il.P[st_.l—' 0.04 Ahchst—l+ 0.05 AIH Pkst-—l
(11) (.11) (.07) (.04)
+ 0.37 Aanst—-l— 0.008 AIIlNOst_l
(.14) (.16)

+1.06ecmps;_o + 0.67ecmyg_g + 0.45ecmcsi—o
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8.2. Declining Sectors

Equation for Skilled Labour:
ASpg = — 1.06 ASpsi—1+ 0.1)2 ASjg_1+ (2122? AS 1+ (2(91? Aln P+ 0(.(39)1 Aln P
— 0 01 Aln P~ 0.006 Aln Pyg— 0.007 Aln Q— 0.03 AIn NO,;
(.01) (-006) (.02) (.01)
+0.02 Aln Pyg—1— 003 Aln Pg—1— 0.03 Aln P.g;_1— 0.0004 Aln Pig_q
(.01) (.02) (.01) (.007)
+0.02 Aln Qs-1+ 0.004d Aln NOg—q
(.02) (.01)

- 1. st ) st—2— 0.31 Seer
%.I%%Sht 2+ 9(}%} Sist—2 (21%) Sest—2

Equation for Unskilled Labour:
ASq :O.34 AShsi—1— 0.80 ASj—1+ %.684%3 ASest—1+ (()b%;i Aln P+ (()b%;/ Aln P
— O 02 Aln Pcst O(.OO4 Aln Ppg— 0.11 AlnQyu— 0.19 AlnNOgy

(.05)
—0.02 Aln Pygi—1 +(()06 Aln P, _ 1—007 APy — O.(%)ZAlnPkst_l

(.05)
— (20%5 AlnQg 1+ 004 AInNOg

+ (255;? Shet—2— (2'156;{ Slst 2+ 956531 Sest—2

Equation for Clerical Labour:
ASgss = — 0(005 AShsi_1— (().07 ASpge_1— 0.64 ASest—1+ 0.008 Aln Pyg+ (2(%1 Aln Py

+ 00885 Aln P — O 0007 AlnPkst—~ (() .04 Aanst 0.03 AInNOg

-+ 0.0005 Aln Py 1+002 AlnPlst 1+(2014AlnPcst 1—(2004 Aln Peg 1

(.008)
— (20({’3’» AlnQs—1— 001 Aln NOg

+ (()101)2 Shst—Z_ 9&? Slst—2_“ (3156)8 Scst 2

Equation for Capital:
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ASke = —0.72A8hst—1 — 0.75A85t_1 + 1.48A8, 1 — 0.09 Aln P,y — 0.33 Aln P,
—0.11 Aln P+ 0,004 Aln Peg+ 0.09 Aln Qu+ 0.15 Aln NO,,
(.05) (.03) (.06) (.08)
—0.05 A].Ilphst_l— 0.29 Aln Bst——-l_’ 0.08 Ahchst_1+ 0.02 Aln Pkst——l

(.08) (.10) (.05) (.03)

+0.16 AlnQ, 1+ 0.15 Aln NO,y_;
(.08) (.08)

+0.535hst—2 + 0.45S5t—9 + 0.255 5t —2
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8.3. High Growth Sectors

Equation for Skilled Labour:
ASpst = — 0.72 ASpst—1+ 0.21 ASise—1+ 0.08 AS:—_1+ 0.04 Aln Prg+ 0.03 Aln P,
(-10) (.05) (:23) (.01) (.01)

—0.005 Aln P,i;— 0.02 Aln Pis;— 0.006 Aln Qg — 0.04 Aln NO,,
(.003) (.006) (.01) (.01)

+0.03 Aln Pryt—1— 0024 Aln Py;_1— 0.01 Aln P.y;_1— 0.02 Aln Py
(.01) (:018) (-:006) (.008) ,
0.0005 Aln Qs;—1— 0.01 Aln NOg_1— 0. st 1 st 2 cste
+ (.0195 n Qs )] Osi1 (2‘(;75;? eCMpyg—o+ (().05;1 eCcmmysi_o+ (2.25()) €CM st
+ (0903 D= 0008 D 0003 Diss— 0008 Dias
~ (0903 Do+ 0004 Disr+ 00008 Dy 00002 Dhss— 0004 D
Coeflicients on time are very small because they relate to weighted data -should multiply
by 11=no
of sectors to get a true picture of magnitude. 85 strong

Equation for Unskilled Labour:
ASis; =1.05 ASkse—1+ 0.32 ASise—1+ 1.78 ASs—1+ 0.03 Aln P+ 0.19 Aln P,
(21) (12) (:51) (.06) (.07)

+ 0.002 Aln P+ 0.06 Aln Prg— 0.05 Aln Qs — 0.11 Aln NO;
(.01) (.03) o7 (.05)
+0.02 AlnPugy_1— 0.08 Aln Pg_1— 0.05 Aln Py, 1+ 0.03 Aln Prgiq
(.06) .07) (.02) (.03)
+ (().b(z);')? Aln Qg1+ (().'(915)9 AInNQOg_q1+ %23%5)9 eCMypysi—o+ (()%’; ecmyse—_o+ %ﬁ? €CMpst—2
. — — Dpga— . D
+ (0(%)? Dhgo (0(90%;) Dhigs (O(%]i? h84 (0(%%)7 h85
) D .0004 Dypgr— . 2 Dygg— 0.0002 Dpgo— 0024 D
+ (0[%11)1 he6t+ 8%9) K87 (2%88 nas— 0.0002 Dhgo— 0024 Diso

Note that the adjustment parameters are all overshooting, but can quote from Hendry -

Equation for Clerical Labour:
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AS.ss =0.25 AShsi—1+ 0.26 ASj—1— 1.29 AS,;_14 0.003 Aln Pog+ 0.03 Aln P,
(.07) (.03) (.10) (.01) (.01)
+ 0.01 Aln P+ 0.008 Aln Py — 0.01 Aln Qy— 0.02 Aln NO,;
(.003) (.006) (.01) (.01)
—0.01 Aln Pygt—1— 0.01 Aln Pg;_;+ 0.008 Aln P.g;_1+ 0.006 Aln Peg_y
(.01) (.01) (.006) (.008)
0.014 AlnQ,,_ ) In NOy,— . st . sieo— 1. oot
+ 01 Qst—1+ (90882) A Ogs—1+ (().0%«;3 ECMpgs—o+ ?.0%()3 eCcmyg_ %%5)9 ECMcgt—2
- Dhigo— . - —.
(3005 Draa (0903 Duss— (0004 Diss~ 0008 Duss
* {330) Do (3001 Drar 00004 Disa— 90007 Do~ 0004 Dioo

Equation for Capital:
ASkst = —O.SSAShst_l - O.?gASlst._l - O.57A503t_1— ?O(E)’))S AlnPhst—- (()Ols? A].Ilplst

- 0.02 Aln P+ 0.04 Aln P+ 0.03 Aln Qi+ 0.12 Aln NOg,
(.01) (.02) (.05) (.04)
—0.09 Aln Prg—1+ 0.05 Aln Pgy_1+ 0.02 Aln P+ 0.06 Aln Py
(.05) (.07) (.o1) (.03)
- (()'o%é)l AlnQg_ 1+ 0(.(39)6 Aln NOg_1 — 0.98ecmpg_g — 0.72ecmyg_o — 0.17ecm g—o
— .001 Dpgo+ .001 Dpgz+ 0001 Dpgs+ .0024 Dygs
(.001) (:001) (.0008) (:0013)
0006 Diss~ 0013 Disr— 00000 Diss— 0903 D+ 0017 Di
The adjustment coefficients for the k equation are strange, almost a one for one adjust-
ment between h and k, this may reflect distortions in the data.

77



9. Tables and Graphs
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Figure 9.1: Cross-Plot of Skilled Labour Share of Wage Bill and Gross Output for Medium
Growth Sectors: Unweighted Data
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Cross-Plot: Skited Labour Share and Gross Output: Weighted Data
Medium Growth Sectors
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Figure 9.2: Cross-Plot of Skilled Labour Share of Wage Bill and Gross Output for Medium
Growth Sectors: Weighted Data
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