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Executive Summary

The aim of this study is to analyze the patterns of substitutability and
complementarity between energy and ICT capital with employment, and other inputs
of production for European countries and industries. We formulate and estimate
econometrically a production model which allows for the possibility that the efficiency
of factor additions or factor improvements from physical and ICT -capital
accumulation, intermediate inputs, energy inputs or labor hiring, differ from current
efficiency levels. Efficiency gains in production arise when new inputs generate an
improvement in technical efficiency that is not fully offset by costs of adjustment.
Based on the empirical results obtained from our empirical analysis, we construct the
price elasticities. We find that both ICT and energy inputs have an increasing
technical efficiency level, with ICT having the highest one among all inputs. The total
average elasticities suggest that energy is a complement with both types of capital
and both types of labor as well; and a substitute to material inputs. There seems to
be a complementary relationship between ICT and non-ICT capital, as well as ICT
and skilled labor. ICT capital behaves as a substitute for unskilled labour and
materials.
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Texvoloyieg TnG NMANPo@opPIKAS Kal ETTIKOIVWVIWY
Kal Xprion Evépyelag: xéoeig YITOKATAoTAONG KAl
2UNTTANPWHMATIKOTNTOG 0TN NMapaywyn

‘EAeva Kettévn, Oco@dvng Mapouvéag kai MNavog Maociapdig

NEPIAHWH

O o16x0¢ TNG MEAETNG QUTAG €ival n avaAuon Twv HOPPWYV UTTOKATACTOONG KAl
CUNTTANPWHATIKOTNTAG METALU TNG EVEPYEIAC KAl TNG TEXVOAOYIAG TNG TTANPOPOPIKAG
KAl E€MKOIVWVIWV TOOO WE TNV ammacXOAnon 600 kKol pe AAAEG €10p0EG TNG
TTapaywyng yia didpopeg Eupwtraikég Xwpeg Kai Biounxavies.

H peAétn mepidapBdvel ekTipnon piag ocuvdpTnong TTapaywyng Tou ETITPETTEI TNV
QTTOTEAECPATIKOTATA OTTO TTPOCONKES 1 BEATILLVOEIS ATTO CUCCWPEUCH TOU PUCIKOU
KepaAaiou Kal Ke@aAaiou TNG TTANPOPOPIKAG Kal ETTIKOIVWVIWY, EVOIANECES EI0POEG,
EI0POEG evEPYEIQG 1 aTTo epyacia (€10IKeEUPEVn, aveldikeuTtn) va diapépouv atd Ta
Tpéxouoa emitreda ammédoong Twv eiopowv. Képdn otn mmapaywyrp Adyo Tng
OTTOTEAECPATIKOTATAG TTPOKUTITOUV OTAV Ol VEEG EI0POEG dNUIOUPYOUV pia BeATiwaon
TNG aTmoTeAEOHATIKOTNTOG TTou Ogv avTioTaBuifetal TTAApwG atd 10 KOOTOG
TIPOCOPUOYAG. ZTN OUVEXEIA, XPNOIUOTTOIWVTAG TO EUTTEIPIKA ATTOTEAECUATA TTOU
TIPOKUTITOUV ATTO TNV avAAUCT, £XOUNE KATAOKEUAOEI EAQOTIKOTNTEG.

Ta atmmoTeAéopaTa TTOU TTPOKUTITOUV OgiXvouv OTI TO KEPAAQIO yia TEXVOAOYIEG TNG
TIANPOPOPIKAG KOl ETTIKOIVWVIWY KAl N evEPYEIa €xouv aunuévo eTTiTredo
OTTOTEAECUATIKOTATAG, ME TO KEQPAAQIO yIa TEXVOAOYIEG TNG TTANPOQOPIKAG Kal
ETTIKOIVWVIWV Va €XEl TO TTI0 WnAO avdapeoa o€ OAeG TIG €10p0oéC. H péon ouvoAikn
eAaoTIKOTNTA UTTOONAWVEI OTI N EVEPYEIQ €ival CUUTTANPWHATIKO ayaBd e Toug U0
TUTTOUG TwV KEPAAaiwv Kal TNG €pyaciag, Kabwg €TTiong UTTOKATACTATO HE TIG
evOIAuEDES €lI0poéG. ETriong, @aiveTal va UTTAPXEl MIA CUPTTANPWHUATIKI) OXEON
METAEU Twv OUO TUTTWV KePaAaiou, KaBwWC €Tmiong Kal Tou Ke@AAaiou yia
TEXVOAOYIEC TNG TTANPOQOPIKNG KAl ETTIKOIVWVIWV HE TO EIDIKEUMEVO EPYATIKO
Ouvapiké. TéAog, To KEQAAAIO yia TEXVOAOYIEG TNG TTANPOPOPIKAG KAl ETTIKOIVWVIWV
OUMTTEPIPEPETAI WG UTTOKATAOTATO TNG AVEIDIKEUTNG EPYATIOG Kal TwV EVOIANECWV
EICPOWV.
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1. INTRODUCTION

In this project we investigate the relationship between Information and
Communication Technology (ICT), energy use and economic growth.

In recent years, economists have observed a rapid diffusion of information
technology and its related equipment, specifically computers, in world economies.
Some economists suggest that this fact is a direct consequence of the dramatic
decline in the price of computer related equipment, which has led to substitution of
ICT equipment for other forms of capital and labour. Based on that, they suggested
that this substitution has generated substantial returns for agents who undertake
ICT investment and, also, had a very significant impact on economic growth.

Most of the early evidence, based on aggregate data, suggests that information
technology and especially computers have no effect on productivity or growth (e.g.
Berndt and Morrison, 1995; Jorgenson and Sitroh, 1999; Gordon, 2000). Most of
these studies, however, are based on the aggregate production function; they
assume constant returns to scale and competitive markets; and factor shares are
often used as proxy for output elasticities. These limitations can impact on the
estimated relationship between information technology and productivity/growth.

Research has recently moved to studies using disaggregated data at industry or
sectoral level. They suggest that these data enable one to use more adequate
methods of estimation suggesting that firms and industries that produce ICT assets
have attracted considerable resources and benefited from extraordinary
technological progress that enabled them to improve the performance of ICT
goods. This is reflected in rapid total factor productivity (TFP) growth in the ICT
industries (Siegel, 1997; Barro and Lee, 1997; Stiroh, 1998, 2001, 2002;
Jorgenson, Stiroh and Ho, 2002; Hendel, 1999; Oliner and Sichel, 2000). Most of
the studies in the literature were based on the U.S. economy. With regard to non-
US studies, most conclude that there is a significant positive relationship between
ICT capital and economic growth (Biscourp et.al, 2002; Matteucci et.al. 2005; Basu
et.al 2003; Hoon, 2003).

Some studies add new parameters in the ICT literature supporting the hypothesis
that there is a significant positive relationship between ICT investment and
productivity growth. For example, ICT investment is found to depend on adjustment
costs, so that it takes time for productivity gains to be realised (Ahn, 1999; Amato
and Amato, 2000; Bessen, 2002; Mun, 2002). Another issue highlighted is the
existence of ICT spillovers that have a significant impact to an industry's
productivity growth (Nadiri and Mun, 2002; Chun and Nadiri, 2002). Recently,
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nonlinearities have also become an issue in the ICT and growth literature.
Parametric estimates assume a unique response coefficient for the variables of
interest, i.e. ICT in growth regressions. Some works, however, have indicated that
this assumption is not warranted. The results in this area indicate that there exists
a nonlinear relationship between ICT and productivity, suggesting that the effect of
ICT capital varies among units and time (Ketteni et.al. 2007, 2009).

With respect to energy, the mainstream growth models do not include energy as a
factor that could constraint or enable economic growth, though macroeconomics
pays a significant role to the impact of oil prices on the economic activity in the
short run. Resource economists have developed models that incorporate the role
of resources, including energy in the growth process, but these ideas remain
isolated in the resource economics field. Ecological economists, on the other hand,
often ascribe to energy the central role in economic growth (Stern, 2011; Ockwell,
2008).

Empirical studies in the literature mostly examine the causality between energy
and growth using either Granger causality or cointegration tests. A general
observation from these studies is that they provide conflicting results and there is
no consensus neither on the existence nor the direction of causality between
energy consumption and economic growth (Stern, 2011). According to Ozturk
(2010) these diverse results arise due to differences in datasets, econometric
techniques and country characteristics; and the causal relationship between
energy consumption and economic growth could be categorised into the following
four types, each having its own energy policy implications:

¢ No causality between energy consumption and GDP, implying that neither
conservative nor expansive policies in relation to energy consumption

would have any effect on economic growth.

e The unidirectional causality running from economic growth to energy
consumption. In this case an increase in real GDP causes an increase in
energy consumption and therefore any policy of conserving energy

consumption may be implemented with little or no adverse effect on growth.

¢ The unidirectional causality running from energy to economic growth. This
suggests that energy consumption plays an important role in economic
growth both directly and indirectly in the production process and serves as

a complement to labour and capital. It implies that restrictions on the use of
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energy may adversely affect economic growth, while increases in energy
may contribute to economic growth.

e Bidirectional causality between energy and economic growth, implying that
energy consumption and economic growth affect each other (i.e. they are
jointly determined).

Not knowing which of the above holds true in a particular situation it is difficult to
reach a conclusion on the causal relationship between energy consumption and
economic growth.

Based on the literature, Stern (2011) argues that the relationship between energy
and an aggregate of output (GDP) can also be affected by:

e substitution between energy and other inputs, with the literature providing

varying conclusions;
e technological change, and the rebound effect;

e shifts in the composition of the energy input (energy quality or energy mix),

and also the transition of the economy to renewable energy regime; and

¢ shifts in the composition of output (different industries have different energy

intensities).

Energy extraction and processing inevitably involves some forms of environmental
disruption resulting to pollution and other negative environmental impacts, such as
noise in transportation, land use in road construction etc. As nearly all human
activities require energy, impacts on the environment could be seen as
conseqguences of energy use. Disruption of nature can never be eliminated entirely
(Stern, 2003). However, not all impacts of energy use are equally harmful to the
environment. A shift from lower to higher quality energy sources not only reduces
the total energy required to produce a unit of GDP but can also reduce the
environmental impact of the remaining energy use (Kaufmann, 1992; Stern, 2003).

The promotion of renewable energy has become an important strategy and a new
topic in the literature. Studies suggest that investment in renewable energy
technologies can result in an increase in GDP (Chien and Hu, 2008; Nakicenovic
and Swart, 2000). This is due to the increase in macroeconomic efficiency through
business expansion and increased employment opportunities as a result of
developing renewable energy industries (Domac et.al. 2005). At the same time,
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however, it has been suggested that renewable energy can be detrimental to
economic growth (Chang et.al. 2009; Yang et.al. 2002).

There is clearly scope for further research to clarify the prospects of decoupling
energy use and economic growth; and for understanding the role of energy on
growth, especially through empirical investigation. This can be done by building on
the important insights which are provided by Berndt and Wood (1987) and Berndt
(1991) on the special relationship between energy and capital inputs and indicate
that indirect impacts involving energy-capital interactions could change measures
of multifactor productivity. Their argument is that a model that takes into account
indirect effects permits energy price increases to have a much larger impact on
productivity than that implied by considering only the energy cost shares, because
energy price increases spill over to real capital use.

In analysing the economic effects of energy price changes, it should be kept in
mind that the impact of energy on productivity and economic growth has always
been a controversial subject. Some studies conclude that an increase in the price
of electricity stimulates technical change, while others find that increases in the
relative price of energy result in reduced productivity growth (Berndt and Hesse
1986). As regards the substitutability between energy and other factors of
production, most authors find that energy and capital are complements — at least in
the short run — and therefore increases in energy prices would result in lower
growth (Apostolakis 1990; Berndt and Wood, 1979 Frondel and Schmidt 2002;
Koetse et al. 2008). Morrison (1992, 1993) argues that the true impact of energy
price changes is difficult to identify without fully modelling the production decisions
and performance of firms in an appropriate framework capturing the full impact of
energy prices.

The effect of technological progress on energy efficiency is also important in this
respect. Judson et al. (1999) estimated time effects that show rising energy
consumption by households over time but flat to declining effects in industry and
construction. This suggests that technical innovations tend to encourage more
energy-using appliances in households and energy-saving technigues in industry.
Technology may also affect total factor productivity (TFP). For example, Jorgenson
(1984) found that technical change was biased and tending towards energy-using,
thereby, lowering energy prices and accelerating TFP growth; and vice versa.

Summarising the findings of empirical research on the existence and direction of
causality between energy use and economic growth, Stern (2011) notes that the
relationship between energy use and aggregate GDP is not simple to identify as it
can be affected by other factors such as the substitution between energy and other
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inputs, technological change, shifts in the composition of energy inputs, shifts in
the composition of output as well as environmental implications from the production
and use of energy.

In this paper we first formulate and estimate econometrically a production model
based on the work of Bernstein et al. (2004), which embodies rational expectations
and dynamic optimisation in the presence of efficiency gains and adjustment costs.
As will be explained in Section Ill, such a model specification provides the
appropriate framework to assess the effect of energy prices on sectoral production
costs and input demand, because it accounts for the fact that energy is closely tied
to energy-using technology. Hence investments in new capital, e.g. in energy-
saving technology, do not simply lead to efficiency gains; they also involve
adjustment costs in the short run. In contrast to other modelling approaches, we do
not distinguish between fixed and variable production factors: in our specification,
whether each production factor is variable or not is tested empirically. To our
knowledge, this is the first energy-related study that uses this modelling framework.

We investigate the role of price increases in our empirically estimated model and
how technical efficiency levels affect energy inputs, ICT and non-ICT capital and
materials. With respect to energy inputs we estimate the efficiency gains from
energy input improvements or new energy inputs and examine to what extent
these are offset by adjustment costs from incorporating these inputs into the
production process. Notably, these adjustment cost can be large due to the
movement in renewable energy. Furthermore, we compare the rate of efficiency
growth attributed to ICT capital with that of other inputs and consider the
contribution of this input to production increases. In doing so we consider that net
ICT capital additions can also affect the marginal product of ICT inputs already in
use. Based on the empirical results obtained from our empirical analysis, we
construct the price elasticities (total, per country and by industry) to see whether
energy inputs behave as complements or substitutes to both types of capital (ICT
and non-ICT capital) and both types of labour (skilled and unskilled).

The next section outlines the methodology; section Ill describes the data and
presents the empirical results; and section IV summarises and concludes the
paper.

2. METHODOLOGY

The quantification of substitutability and complementarity between energy,
employment, and other inputs of production for European industries allows
answering a range of important questions related to the impact of the socio-
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ecological transition on employment, output, and productivity growth. In particular,
the measurement of the patterns of substitutability/complementarity between
energy inputs and different types of labour inputs, helps towards the better
understanding of the labour market dynamics (intertemporal demand for
low/middle/ high skilled labour) as the various industries of the EU economy move
towards energy savings and a greater use of greener energy inputs. While, the
measurement of the patterns of substitutability/complementarity between energy
inputs and new technologies, like Information and Communications Technology
(ICT), allows a better understanding of the effects of these new technologies on
energy use and vice-versa.

In order to examine how changes prices and inputs affect investment behaviour,
employment, and energy use it is essential to employ a dynamic model. The
assumption of instantaneous adjustment of all inputs to price changes may not be
very useful, for instance, under energy price shocks. When energy price shocks
occur, utilisation rates of the various surviving vintages of capital (as well as other
inputs) adapt, which also affects the flow of services per unit of capital. If, for
example, energy and capital are at least short run complements, then increased
energy prices will cause the marginal product of capital -- and thus capital
utilisation -- to decline. Not only would this cause efficiency to be suppressed, it
would also cause errors in standard measures of technical change. This in turn
would cause diminished technical change through reduced incentives to invest in
new equipment that embodies new technology. Thus, the impact of energy price
changes is difficult to identify without an appropriate modelling framework of a
firm's production decisions and performance.

Following Bernstein et al. (2004), a dynamic production model is specified. This
framework is sufficiently general and hence enables to capture the effect of input
prices on the demands of all inputs under consideration (therefore capturing own
and cross price effects), and to allow efficiency gains in production to arise when
new inputs generate an improvement in technical efficiency that is not fully offset
by adjustment cost.

This framework forms the basis for the estimation model. To begin, consider a
production function written as:

Y = F[(U1t—1 + Ry (V1 = Vipo1)s o, Vnp—1 + My (Une — V1), t] (1)

where vy, is output quantity in period t, F is the production function, v, is the ith input
guantity in period t, and t also represents the exogenous disembodied technology
index.
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Parameters h; provide for changes in technical efficiency levels related to factor
additions. These parameters reflect the variations in "net" efficiency by capturing
the gains from factor improvements, and the losses associated with adjustment
costs. The value of these parameter are always positive (h;>0,i=1,2, ...,n). Ifh
=1 the marginal product of net additions of input i in the current period is the same
as that of existing units of the input, and the standard production function emerges;
in this case increased technical efficiency of net additions is just offset by costs of
adjustment. If h; >1, the marginal product of net additions of input i in the current
period exceeds that of existing units of the input. Accordingly, the benefits from
factor improvements dominate adjustment costs incurred through incorporating
new inputs into the production process. Finally, when 0< h; <1, the marginal
product of net additions of input i in the current period is lower than that of existing
units of the input. Adjustment costs dominate the benefits associated with factor
improvements, and as a result factor additions are less productive than existing
inputs.

Factor accumulation is presented by:
Ve = X + (1= 8)vie4 (2)

where x; is the addition to the ith input quantity in period t, and 0 < §i < 1 is the ith
input depreciation rate.

Input demands are determined from minimising the expected present value of
acquisition and hiring costs. The expected value is given by the following
expression:

(&) n
D altt+ a5 xieas 3

s=0i=1

where g, is the expectation in the current period t of the ith factor acquisition or
hiring price in period t + s and a(t, t + s) is the discount factor.

Let pfrrs = qf+s — aqirrs+1 (1 — 6;) be the ith factor price in period t, but expected in
periodt+s,and a = a(t,t +s+ 1)/a(t,t + s) is the constant discount factor.

Bernstein et al (2004) show that if the expected value (defined by eq. (3)) is
minimised subject to the production function and the factor accumulation
equations, this problem is equivalent to the following one defined by the cost
function:
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n
C(Wlt, o Wnt, Yo t) = {nyfnz Wit Zit: [ (Z1ts s Znes t) > Yt (4)
i=1

where wy; = i {pi; + X321 pé.s[(a(1 — hi D)%} is the ith user cost in period t, and
Zie = hi[vie — (1 — hiY)vy_4] is the efficiency-adjusted ith input quantity. Note that
because of the efficiency parameter h; the user cost is more general than the
traditional factor price. Producers take into account the effect of the efficiency
change in current and all future efficiency adjusted marginal products of the inputs.
To see this, assume that there is no efficiency change and set the efficiency
parameters to unity. With h; = 1 then w;; = p;r = qir — aqr41(1 — 6;) which is the
traditional factor price.

Using Shepard's Lemma it is possible to retrieve the efficiency-adjusted factor
demands according to:

oc

Zit=ﬁ,i=1,...,n (5)
i

The efficiency-adjusted factor demands, however, are not observable because the
technical efficiency parameters are unknown. Using the definition of the efficiency-
adjusted quantity, z;; = h; (v — (1 — h{l)vit_l), the observable factor demands v;
can be obtained by

c
+(1-hYvyqi=1,.,n (6)

— 1
Vie = hy Iw-
it

This set of equations forms the basis for the estimation model. They depend on
user costs (and thereby depreciation and technical efficiency parameters, expected
acquisition and hiring prices), output quantity, and technology indicator. Therefore,
estimation of the above method requires the specification of two elements: the cost
function and the price expectation-generating process for the acquisition and hiring
prices.

The cost function is assumed to be the symmetric generalised McFadden
functional form introduced by Diewert and Wales (1988). This functional form is
attractive because it is flexible and retains its flexibility even under the impaosition of
concavity with respect to user costs,

n n
0.5%1 1 Yoy BijWitWe 2
Cr = (z: Biwie + ) 4 + Bitwict + ag BW)t? |y,
i=1 =t

B(w)
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+a.B(w)t +

=1

n

a; Wit + ayy B(w)y? 7
where B(w) = }i-; b;w;; and the parameters are denoted by the a's and B's. The
nXn matrix formed by parameters B is symmetric, and must be negative
semidefinite so that the function is concave in user costs. The bi,i =1,...,n are
nonnegative constants that are not all zero for some reference time period r. For
the reference time period, the cost function is homogenous of degree one in user
costs if Y.iL; Bijwir = 0, and i, b;w;; # 0. The expression B(w) = XiL; b;w;, is an
index of input prices, and the constants bi,i = 1,...,n, are set equal to the input
cost shares in the reference time period.

Based on the specified cost function (7), and dividing the observable factor
demands (6) by output quantity, ith factor demand per unit of output becomes:

v; Xi1 Bijwjr  5bi XL Xioq BijwuWie  a;  biast
— hi_l{'g-l' e — + =+ by t? + Pt

i +
' Z?:l biwi¢ (Z?:l biw;¢)? Yt Yt

_1\ Vit-1
+ biayyyt} + (1 —h; 1) lyt

,i=1,..,n (8)

The next requirement for estimation involves the expectation generating processes
for acquisition and hiring prices. It is assumed that price expectations follow a first
order autoregressive process:

Airsr = Qi+ 0iqie +eir,i=1,..,n 9

where qf;,, denotes E;(q;++1) and @, 6, are parameters that are known to the
processors, but are unknown to the analyst and therefore must be measured in the
estimation stage. The expected realised error is zero.

Equation (9) implies, in the current period t, that the ith expected acquisition or
hiring price in period t + s is,

e _0i(1-6)

qit+$ - (1 _ 9) + el:sqit [ = 1’ - (10)
l
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Equation set (10) shows the price expectations terms to be used in the user cost
formulas. Substituting (10) into the user cost formula, expanding the geometric
progression, and collecting terms, the user costs become?:

-1 1-ad;f; Pi (1—adi 1_adi9i)] i
it i |4t 1-aub; + 1-6; \1—ay; 1-ap;6; ( )

With the cost function and price expectations processes specified, the estimation
model becomes (8) and (9) - with (11) defining the user costs. We append errors to
equation set (8), assuming these to be identically, and independently distributed
over time with zero expected valuez. This set of equations is estimated and the
results are presented in the following section.

3. EMPIRICAL ANALYSIS

3.1 DATA

The data used for the estimation of the model described in the previous section are
drawn from the EU KLEMS database financed by the European Commission. For
our analysis we are using countries for which data for energy are available. These
include Austria, Denmark, Belgium, Spain, Finland, France, Germany, Italy,
Netherlands, Sweden, UK and the US.

The sample covers the period 1980-2005 and includes the following variables:

e gross output at current and constant prices,

¢ intermediate inputs at current and constant prices,

¢ intermediate energy inputs are current and constant prices,
¢ intermediate material inputs at current and constant prices,
¢ number of employees and persons engaged,

e total hours worked,

¢ labour compensation, ICT capital compensation,

¢ non-ICT capital compensation,

¢ ICT and Non-ICT capital services at current and constant prices,

! Recall that the user cost formula is given by wy = hy Y{pi + Yoi p8.s[(a(1 — hyH)]}and e, =
Qfrs — Aqfrs41(1— 6y).

2 See Nadiri and Prucha (1998) for a justification of additive errors in the factor demand equations.
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¢ high skilled labour compensation,
e medium skilled labour compensation,
¢ |ow skilled labour compensation, and

¢ hours worked by high, medium and low skilled person.

All series are in constant 1995 prices. Since one of the main interests of our
analysis is the use of energy, energy inputs based on EU KLEMS are defined as all
energy mining products, oil refining products, and electricity and gas products. ICT
capital includes hardware, software and communication equipment.

The definitions of high, medium and low skilled labour are consistent over time for
each country, but might differ across countries. The high-medium-low skill split is
too restrictive, given the differences in educational systems throughout Europe.
The EU KLEMS database assumes educational comparability only at the bachelor
degree level, but not at other levels. Consequently, care should be taken in
comparing shares of educational attainment across countries. What one can do is
aggregate the two types (low and medium skilled) into one type of labour, in order
to be consistent across countries; and, therefore, have two types of labour: high
skilled and medium-low skilled.

For most of the countries of our analysis, high skilled labour are basically
employees with tertiary education and higher university degree holders; medium
skilled labour includes employees with secondary and further education; and low
skilled labour are employees is primary and low education.

The industries are:

Agriculture, Hunting, Forestry and Fishing
Mining and Quarrying

Total Manufacturing

Electricity, Gas and Water Supply
Construction

Wholesale and Retail Trade

Hotels and Restaurants

Transport, Storage and Communication

© © N o o~ wbdPR

Finance, Insurance, Real Estate and Business Services

10. Community Social and Personal Services
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3.2 RESULTS

The equation sets presented in Section Il are jointly estimated by the Nonlinear
Seemingly Unrelated Regression Estimator and the parameter estimates obtained
are reported in Table 1, along with appropriate diagnostic tests (see Bernstein et
al. 2004).

There are six factors of production (skilled labour, unskilled labour, non-ICT capital,
ICT capital, materials and energy); thus, the estimated model is a system of twelve
equations — six input demand equations and six equations capturing price
expectations. Concavity has been imposed using the Wiley, Schmidt and Bramble
technique. Dummies are also included for each industry and country in all
equations. A chi-square test has been performed showing that the dummy
variables are jointly significant and should be included in the system estimated. In
addition the constant terms (¢_i) of the price expectation equations have been
tested and found to be not jointly significant; thus, they are set equal to zero. The
hypotheses of first and second order serial correlation, white heteroskedasticity
and ARCH are all rejected. Constant returns to scale seem to exist in our data and
also the trend appears to be significant.

All the efficiency parameters were tested against the null hypothesis that their true
value is unity, i.e. h; = 1. When this hypothesis cannot be rejected, no efficiency
gains can be associated with the use of the ith input. In contrast, rejection of the
null hypothesis is taken to indicate that efficiency gains from the use of the input in
guestion do exist. Moreover, as the case of h; = 1 implies that efficiency does not
change, the rate of efficiency growth for the ith input can be expressed as h; — 1.

The estimates of the efficiency parameters suggest that technical efficiency levels
increase with factor additions. Significant adjustment costs would occur if efficiency
parameters were below 1, implying negative rates of efficiency growth. These
rates, for our data, are estimated to be 17.5% for ICT capital, 10.9% for non-ICT
capital, 2.2% for energy inputs and 3.7% for materials.

These estimation results indicate that technical efficiency levels rise with new ICT
inputs used in production. From the estimation we observe that ICT capital has the
largest rate of efficiency growth among all inputs. Therefore, the efficiency gains
from ICT input improvements or new ICT inputs are not offset by reductions in
efficiency arising from their adjustment costs. The large efficiency effect of ICT
relative to other inputs implies that every year the contribution of this input in
production increases not only because of net editions, but also because those net
additions have a higher marginal product than ICT inputs already in use.
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Table 1: Parameter Estimates

Parameter Estimate St. Error Parameter Estimate St. Error
Buu -0.117 0.098 Bur -0.009 0.006
Buk 0.036 0.031 Bur -0.004 0.039
Bus 0.045 0.041 Bsr 0.002 0.007
Bui -0.121 0.131 Ber -0.005 0.027
By 0.017 0.064 Bur 0.005 0.005
Bux -0.099 0.181 Bir -0.088 0.095
Bxs -0.014 0.017 B 0.382 0.013
Brr 0.060 0.008 By 0.655 0.104
Be -0.056 0.065 By 0.100 0.035
Bee -0.106 0.014 hyt 0.312 0.0038
Ber -0.064 0.013 hit 0.054 0.052
Bis 0.033 0.011 hit 0.084 0.003
Bss -0.033 0.039 Rt 0.212 0.011
Bis -0.028 0.030 0, 0.940 0.028
B -0.047 0.031 0 0.163 0.019
Bs -0.035 0.025 O 0.279 0.018
B -1.554 0.045 6y 0.237 0.017
B 0.064 0.034 O 0.943 0.005
Equation St. Error R?
Unskilled Labor 0.167 0.585
Skilled Labor 0.038 0.719
Non-ICT Capital 0.011 0.994
ICT capital 0.064 0.949
Energy 0.019 0.964
Materials 0.044 0.907
Log of LF 34745.1
HYPOTHESES TESTS Test Statistic X%0.05
1* order serial correlation LM=12.5 124.34
2" order s. correlation LM=24 255
Heteroskedasticity-ARCH(2) LM=30 31
Heteroskedasticity-white LM=13 31
Constant Returns to scale LR=0.3 14.07
No technical change LR=190 14.07
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Additionally, technical efficiency levels rise with new non-ICT capital and new
material inputs. Similarly, energy inputs contribute to an increasing technical
efficiency level. This suggests that efficiency gains from energy input
improvements or new energy inputs are not offset by their adjustment costs.
Energy inputs seem to have the lowest technical efficiency level, when compared
to the two types of capital and material inputs. This can be taken to imply that the
adjustment costs of the energy inputs is relatively higher. The improvement of
energy inputs (moving towards renewable energy) is at an early stage and the
costs are still high. It is encouraging though that efficiency gains do exist and they
may rise in the future.

Table 2 reports the short-run own and cross price elasticities of input demand?, i.e.
the percentage change in demand for the ith input in response to a change in the
price of the jth input. Note that a positive elasticity implies that the two inputs are
substitutes, while a negative one points to a complementary relationship. In our
model these elasticities are given by:

av; w; 0Z; w;
ei; = IViWi _ p-1 {_l_f}

aW] Ui aWJ Ui

As expected, the own price effect of each input is negative. Therefore, each input
price affects its own demand negatively. The total average elasticities shown in
Table 2 suggest that energy is a complement to both ICT and non-ICT capital and
both skilled and unskilled labour. It behaves, however, as a substitute to material
inputs. The same results hold for all countries and industries.

As regards ICT and non-ICT capital, there seem to be a complementary
relationship between them; and between ICT capital and skilled labour. In contrast,
ICT capital is a substitute of unskilled labour and materials. Non-ICT capital also is
a complement to skilled labour and a substitute of unskilled labour and materials.
Material inputs appear to be a substitute for all inputs. Finally, skilled labour seems
to have a complementary relationship with all inputs except materials.”

% The figures in Table 2 represent sample averages.

* We have also calculated elasticities per country and per industry. The results are presented in the
Appendix. Notably, the rest of the relationships, are the same as the total price elasticities presented
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Table 2: Elasticities (average over the sample)

QUANTITY

PRICE UNSKILLED NON-ICT MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0005 0.0016 0.0012 -0.0044 0.0241 -0.0048
NON-ICT 0.0004 -0.0029 0.0022 -0.0100 -0.0590 -0.0085
MATERIALS 0.0018 0.0120 -0.0103 0.0701 0.2276 0.0447

SKILLED -0.0004 -0.0028 0.0031 -0.0366 -0.0858 -0.0146
ICT 0.0009 -0.0078 0.0060 -0.0584 -1.2040 -0.0310
ENERGY -0.0005 -0.0033 0.0030 -0.0210 -0.0859 -0.0179

4. SUMMARY AND CONCLUSION

The aim of this study is to analyse the patterns of substitutability and
complementarity between energy and ICT capital with employment, and other
inputs of production for European countries and industries.ICT capital has a clearly
significant and positive effect or economic growth. Studies suggest that substantial
returns are generated for agents who undertake ICT investment. This positive
effect is supported through studies that include adjustment costs, ICT spillovers
and even nonlinear and heterogeneous effects. As regards empirical evidence in
the literature about the causality between energy use and economic growth, the
results are conflicting and there is no consensus neither on the existence nor the
direction of this causality. This relationship can be further affected by substitution
between energy and other inputs and technological change.

This paper considers the introduction of new technologies (and substitution and
complementarity among inputs) and the model used takes into account the
possible efficiency gains from new input additions to avoid understatement of input

in Table 2. Also if long run elasticities were calculated, the relationships would be the same but the
numbers will be larger.
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growth and, thereby, biased estimates of productivity growth. Furthermore, it
considers that bias in the measurement of productivity growth can originate from
output mismeasurement and aggregation. The aggregation bias arises from the
fact that changes in efficiency through input additions alter efficiency-adjusted
relative user costs. Also, cost minimisation requires that more efficient inputs be
substituted for less efficient ones. Both the user cost and factor proportion changes
cause efficiency-adjusted cost shares to differ from the measured cost shares used
to estimate the contribution of each input to output growth; and, consequently,
efficiency-adjusted contributions differ from measured contributions in the
calculation of productivity growth rates.

In order to guard against these biases we use in our analysis a technical efficiency
model allowing for the possibility that the efficiency of factor additions from physical
and ICT capital accumulation, intermediate input purchases, energy inputs or
labour hiring, differ from current efficiency levels. Technical efficiency (including
adjustment costs) is parameterised directly into the production function, thus
adding a dynamic dimension to the analysis. Efficiency gains in production arise
when new inputs generate an improvement in technical efficiency that is not fully
offset by costs of adjustment. An attractive feature of our model is the
parsimonious treatment of these efficiency gains, as they can be captured by a
single parameter for each input.

Estimation of the above model requires the specification of two elements: a cost
function; and a price expectation-generating process for the acquisition and hiring
prices. The cost function specified is assumed to be the symmetric generalised
McFadden functional form, which has the advantage of being flexible even under
the imposition of concavity with respect to user costs. The expectation generating
processes for acquisition and hiring prices is assumed to follow a first order
autoregressive process. With the cost function and price expectations processes
specified, the resulting estimation model consists of the factor demand per unit of
output equations and the price expectation equations. Furthermore, from the
estimated parameters of the model price elasticities of input demands can be
calculated to establish the relationship (complementarity or substitutability)
between the inputs under investigation.

The empirical analysis described in the previous paragraph is accomplished using
the EU KLEMS database. The EU KLEMS Growth and Productivity Accounts
include measures of output growth, employment and skill creation, capital
formation and multi-factor productivity (MFP) at the industry level (2-3 digit
industries) for European Union member states from 1970 onwards. The input
measures include various categories of capital (such as ICT capital, ICT services,
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and non-ICT capital and services), labour (high skilled, medium skilled and low
skilled), energy, materials and service inputs. For our analysis we are using
countries for which data for energy are available (i.e. Austria, Denmark, Belgium,
Spain, Finland, France, Germany, Italy, Netherlands, Sweden, UK and the US) and
cover the industries: Agriculture, Hunting, Forestry and Fishing, Mining and
Quarrying, Total Manufacturing, Electricity, Gas and Water Supply, Construction,
Wholesale and Retail Trade, Hotels and Restaurants, Transport, Storage and
Communication, Finance, Insurance, Real Estate and Business Services and
Community Social and Personal Services.

The empirical results suggest that technical efficiency levels increase with factor
additions. The rates of efficiency growth, for our data, are estimated to be: 17.5%
for ICT capital; 10.9% for non-ICT capital; 2.2% for energy inputs; and 3.7% for
materials. From the estimation we observe that ICT capital has the largest rate of
efficiency growth among all inputs. Therefore, the efficiency gains from ICT input
improvements or new ICT input additions are not offset by the reductions in
efficiency arising from their adjustment costs. The large efficiency effect of ICT
relative to the other inputs implies that every year the contribution of this input in
production increases not only because of net editions, but also because those net
additions have a higher marginal product than ICT inputs already in use.

Additionally, technical efficiency levels rise with new non-ICT capital and new
material inputs. Similarly, energy inputs have an increasing technical efficiency
level. This suggests that efficiency gains from energy input improvements or new
energy inputs are not offset by their adjustment costs. Energy inputs seem to have
the lowest technical efficiency level, when compared to the two types of capital and
material inputs. It seems that the adjustment costs of energy changes are higher
than those associated with changes in other inputs. Possibly, the improvement of
energy inputs (moving towards renewable energy) is still at an early stage and their
adjustments costs are still high.

The total average elasticities (total sample, per country and by industry) suggest
that energy is a complement with both types of capital and both types of labour as
well; and a substitute to material inputs. Furthermore, there seems to be a
complementary relationship between ICT and non-ICT capital, as well as ICT and
skilled labour. ICT capital behaves as a substitute for unskilled labour and
materials; while non-ICT capital appears to be a complement to skilled labour and
substitute for unskilled labour and materials. Material inputs are a substitute to all
inputs. Finally, skilled labour seems to have a complementary relationship with all
inputs except materials.
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APPENDIX

Al. COUNTRY PRICE ELASTICITIES

AUSTRIA

QUANTITY
PRICE UNSKILLED NON-ICT ~ MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0003 0.0007 0.0013 -0.0044 0.0152 -0.0041
NON-ICT 0.0003 -0.0014 0.0022 -0.0100 -0.0244 -0.0075
MATERIALS 0.0015 0.0056 -0.0105 0.0575 0.1247 0.0375
SKILLE -0.0003 -0.0012 0.0031 -0.0253 -0.0448 -0.0117
ICT 0.0009 -0.0032 0.0074 -0.0562 -0.2448 -0.0279
ENERGY -0.0004 -0.0016 0.0030 -0.0169 -0.0457 -0.0133
BELGIUM

QUANTITY
PRICE UNSKILLED NON-ICT ~ MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0003 0.0006 0.0007 -0.0028 0.0065 -0.0034
NON-ICT 0.0003 -0.0016 0.0017 -0.0090 -0.0341 -0.0085
MATERIALS 0.0015 0.0066 -0.0081 0.0573 0.1565 0.0435
SKILLE -0.0003 -0.0016 0.0027 -0.0294 -0.0705 -0.0155
ICT 0.0004 -0.0045 0.0053 -0.0503 04771 -0.0307
ENERGY -0.0004 -0.0017 0.0022 -0.0155 -0.0491 -0.0156
DENMARK

QUANTITY
PRICE UNSKILLED NON-ICT  MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0004 0.0012 0.0011 -0.0056 0.0384 -0.0034
NON-ICT 0.0003 -0.0019 0.0020 -0.0209 -0.0441 -0.0075
MATERIALS 0.0017 0.0083 -0.0103 0.1533 0.2411 0.0392
SKILLE -0.0003 -0.0018 0.0034 -0.0861 -0.0865 -0.0124
ICT 0.0007 -0.0058 0.0056 -0.1371 -0.5831 -0.0209
ENERGY -0.0005 -0.0026 0.0032 -0.0476 -0.1047 -0.0172
FINLAND

QUANTITY
PRICE UNSKILLED NON-ICT  MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0005 0.0045 0.0010 -0.0009 0.0606 -0.0039
NON-ICT 0.0004 -0.0051 0.0019 -0.0017 -0.1913 -0.0054
MATERIALS 0.0022 0.0240 -0.0088 0.0102 0.5870 0.0286
SKILLE -0.0005 -0.0060 0.0026 -0.0044 -0.1980 -0.0093
ICT 0.0018 -0.0253 0.0072 -0.0122 -5.1189 -0.0330
ENERGY -0.0006 -0.0073 0.0027 -0.0034 -0.2552 -0.0109
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GERMANY

QUANTITY
PRICE UNSKILLED NON-ICT  MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0003 0.0027 0.0013 -0.0021 0.0254 -0.0045
NON-ICT 0.0002 -0.0115 0.0028 -0.0045 -0.1204 -0.0082
MATERIALS 0.0012 0.0403 -0.0126 0.0268 0.5187 0.0419
SKILLE -0.0003 -0.0083 0.0033 -0.0115 -0.1792 -0.0130
ICT 0.0002 -0.0159 0.0038 -0.0107 -0.3836 -0.0132
ENERGY -0.0003 -0.0091 0.0034 -0.0077 -0.1400 -0.0147
SPAIN

QUANTITY
PRICE UNSKILLED NON-ICT  MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0005 0.0006 0.0009 -0.0016 0.0049 -0.0039
NON-ICT 0.0004 -0.0013 0.0019 -0.0076 -0.0112 -0.0082
MATERIALS 0.0019 0.0054 -0.0094 0.0695 0.0671 0.0420
SKILLE -0.0003 -0.0013 0.0031 -0.0438 -0.0304 -0.0138
ICT 0.0004 -0.0015 0.0030 -0.0220 -0.0406 -0.0141
ENERGY -0.0005 -0.0014 0.0026 -0.0191 -0.0217 -0.0144
ITALY

QUANTITY
PRICE UNSKILLED NON-ICT  MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0004 0.0010 0.0014 -0.0115 0.0133 -0.0030
NON-ICT 0.0003 -0.0015 0.0022 -0.0201 -0.0166 -0.0058
MATERIALS 0.0016 0.0068 -0.0107 0.1203 0.1072 0.0297
SKILLE -0.0003 -0.0017 0.0032 -0.0509 -0.0440 -0.0086
ICT 0.0005 -0.0022 0.0045 -0.0611 -0.0780 -0.0104
ENERGY -0.0004 -0.0020 0.0030 -0.0345 -0.0375 -0.0131
NETHERLANDS

QUANTITY
PRICE UNSKILLED NON-ICT  MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0006 0.0010 0.0010 -0.0074 0.0283 -0.0156
NON-ICT 0.0005 -0.0015 0.0020 -0.0238 -0.0283 -0.0265
MATERIALS 0.0022 0.0069 -0.0099 0.1869 0.2134 0.1470
SKILLE -0.0003 -0.0016 0.0034 -0.1123 -0.1069 -0.0491
ICT 0.0011 -0.0037 0.0067 -0.2194 -0.4604 -0.1227
ENERGY -0.0006 -0.0022 0.0029 -0.0541 -0.1058 -0.0669
SWEDEN
PRICE UNSKILLED NON-ICT  MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0007 0.0019 0.0014 -0.0064 0.0188 -0.0065
NON-ICT 0.0005 -0.0020 0.0017 -0.0061 -0.0180 -0.0070
MATERIALS 0.0027 0.0100 -0.0086 0.0426 0.1152 0.0398
SKILLE -0.0006 -0.0023 0.0022 -0.0169 -0.0391 -0.0113
ICT 0.0006 -0.0024 0.0027 -0.0148 -0.0456 -0.0124
ENERGY -0.0008 -0.0033 0.0028 -0.0151 -0.0450 -0.0160
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UK

QUANTITY
PRICE UNSKILLED NON-ICT  MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0004 0.0014 0.0009 -0.0017 0.0240 -0.0026
NON-ICT 0.0003 -0.0036 0.0020 -0.0064 -0.1706 -0.0068
MATERIALS 0.0015 0.0125 -0.0093 0.0374 0.2965 0.0337
SKILLE -0.0003 -0.0029 0.0029 -0.0194 -0.1209 -0.0120
ICT 0.0007 -0.0225 0.0074 -0.0861 -6.4291 -0.0430
ENERGY -0.0004 -0.0030 0.0027 -0.0129 -0.0957 -0.0125
FRANCE

QUANTITY
PRICE UNSKILLED NON-ICT  MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0004 0.0013 0.0010 -0.0034 0.0141 -0.0035
NON-ICT 0.0003 -0.0015 0.0017 -0.0048 -0.0137 -0.0059
MATERIALS 0.0014 0.0081 -0.0089 0.0387 0.1180 0.0331
SKILLE -0.0003 -0.0023 0.0030 -0.0195 -0.0566 -0.0113
ICT 0.0002 -0.0018 0.0026 -0.0127 -0.0534 -0.0107
ENERGY -0.0004 -0.0027 0.0028 -0.0135 -0.0482 -0.0128
PORTUGAL

QUANTITY
PRICE UNSKILLED NON-ICT ~ MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0007 0.0022 0.0025 -0.0048 0.0391 -0.0034
NON-ICT 0.0005 -0.0016 0.0037 -0.0050 -0.0359 -0.0040
MATERIALS 0.0026 0.0091 -0.0169 0.0402 0.1858 0.0209
SKILLE -0.0005 -0.0021 0.0043 -0.0202 -0.0533 -0.0066
ICT 0.0026 -0.0047 0.0161 -0.0187 -0.5333 -0.0334
ENERGY -0.0007 -0.0031 0.0051 -0.0113 -0.0827 -0.0076
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A2. INDUSTRY SPECIFIC PRICE ELASTICITIES

AGRICULTURE, HUNTING, FORESTRY AND FISHING

QUANTITY
PRICE UNSKILLED NON-ICT  MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0004 0.0030 0.0012 -0.0170 0.0398 -0.0038
NON-ICT 0.0002 -0.0019 0.0015 -0.0191 -0.0305 -0.0047
MATERIALS 0.0014 0.0118 -0.0074 0.1320 0.2006 0.0259
SKILLE -0.0003 -0.0029 0.0021 -0.0592 -0.0671 -0.0075
ICT 0.0005 -0.0040 0.0035 -0.1269 -0.2707 -0.0139
ENERGY -0.0004 -0.0046 0.0024 -0.0425 -0.0924 -0.0105
MINING AND QUARRYING

QUANTITY
PRICE UNSKILLED NON-ICT  MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0006 0.0005 0.0011 -0.0039 0.0177 -0.0011
NON-ICT 0.0005 -0.0010 0.0026 -0.0121 -0.0395 -0.0028
MATERIALS 0.0025 0.0040 -0.0106 0.0613 0.0985 0.0121
SKILLE -0.0005 -0.0008 0.0026 -0.0250 -0.0392 -0.0033
ICT 0.0018 -0.0052 0.0074 -0.0610 -1.8455 -0.0161
ENERGY -0.0006 -0.0011 0.0028 -0.0165 -0.0648 -0.0046
TOTAL MANUFACTURING

QUANTITY
PRICE UNSKILLED NON-ICT ~ MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0005 0.0010 0.0007 -0.0052 0.0131 -0.0021
NON-ICT 0.0005 -0.0020 0.0012 -0.0103 -0.0268 -0.0039
MATERIALS 0.0022 0.0088 -0.0057 0.0640 0.1504 0.0197
SKILLE -0.0005 -0.0020 0.0016 -0.0277 -0.0560 -0.0059
ICT 0.0007 -0.0035 0.0025 -0.0438 -0.1815 -0.0098
ENERGY -0.0007 -0.0028 0.0019 -0.0232 -0.0694 -0.0082
ELECTRICITY, GAS AND WATER SUPPLY

QUANTITY
PRICE UNSKILLED NON-ICT  MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0009 0.0004 0.0034 -0.0063 0.0062 -0.0004
NON-ICT 0.0008 -0.0007 0.0059 -0.0109 -0.0113 -0.0007
MATERIALS 0.0039 0.0029 -0.0273 0.0722 0.0611 0.0038
SKILLE -0.0008 -0.0007 0.0075 -0.0339 -0.0240 -0.0012
ICT 0.0013 -0.0015 0.0172 -0.0567 -0.1236 -0.0021
ENERGY -0.0010 -0.0008 0.0082 -0.0227 -0.0254 -0.0015
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CONSTRUCTION

QUANTITY
PRICE UNSKILLED NON-ICT  MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0004 0.0045 0.0007 -0.0071 0.0810 -0.0139
NON-ICT 0.0003 -0.0069 0.0012 -0.0156 -0.2746 -0.0205
MATERIALS 0.0014 0.0279 -0.0056 0.0935 0.6793 0.1078
SKILLE -0.0003 -0.0062 0.0015 -0.0424 -0.2030 -0.0314
ICT 0.0008 -0.0363 0.0042 -0.0760 -7.9730 -0.1111
ENERGY -0.0004 -0.0080 0.0017 -0.0272 -0.2658 -0.0505
WHOLESALE AND RETAIL TRADE

QUANTITY
PRICE UNSKILLED NON-ICT ~ MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0003 0.0008 0.0010 -0.0024 0.0081 -0.0041
NON-ICT 0.0002 -0.0013 0.0018 -0.0066 -0.0176 -0.0076
MATERIALS 0.0011 0.0059 -0.0090 0.0525 0.1012 0.0401
SKILLE -0.0002 -0.0014 0.0029 -0.0302 -0.0456 -0.0134
ICT 0.0004 -0.0023 0.0044 -0.0360 -0.1438 -0.0198
ENERGY -0.0003 -0.0017 0.0026 -0.0159 -0.0347 -0.0146
HOTELS AND RESTAURANTS

QUANTITY
PRICE UNSKILLED NON-ICT ~ MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0004 0.0037 0.0006 0.0022 0.0429 -0.0051
NON-ICT 0.0002 -0.0109 0.0014 -0.0122 -0.1358 -0.0074
MATERIALS 0.0010 0.0416 -0.0070 0.1269 0.6667 0.0433
SKILLE -0.0001 -0.0095 0.0025 -0.0937 -0.2812 -0.0160
ICT 0.0004 -0.0179 0.0041 -0.1220 -0.8693 -0.0257
ENERGY -0.0003 -0.0096 0.0018 -0.0312 -0.1881 -0.0155
TRANSPORT AND STORAGE AND COMMUNICATION

QUANTITY
PRICE UNSKILLED NON-ICT  MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0003 0.0006 0.0009 -0.0031 0.0059 -0.0025
NON-ICT 0.0003 -0.0011 0.0017 -0.0091 -0.0118 -0.0053
MATERIALS 0.0014 0.0049 -0.0083 0.0696 0.0739 0.0269
SKILLE -0.0003 -0.0012 0.0026 -0.0383 -0.0321 -0.0085
ICT 0.0004 -0.0016 0.0033 -0.0361 -0.0627 -0.0104
ENERGY -0.0004 -0.0015 0.0026 -0.0222 -0.0291 -0.0103
FINANCE, INSURANCE, REAL ESTATE AND BUSINESS SERVICES

QUANTITY
PRICE UNSKILLED NON-ICT  MATERIALS SKILLED ICT ENERGY
UNSKILLED -0.0006 0.0003 0.0011 -0.0008 0.0055 -0.0105
NON-ICT 0.0005 -0.0005 0.0019 -0.0026 -0.0087 -0.0216
MATERIALS 0.0023 0.0023 -0.0101 0.0208 0.0502 0.1165
SKILLE -0.0004 -0.0006 0.0037 -0.0124 -0.0294 -0.0421
ICT 0.0018 -0.0011 0.0070 -0.0196 -0.2532 -0.0686
ENERGY -0.0006 -0.0006 0.0028 -0.0059 -0.0189 -0.0422
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COMMUNITY SOCIAL AND PERSONAL SERVICES

PRICE
UNSKILLED
NON-ICT
MATERIALS
SKILLE

ICT
ENERGY

QUANTITY
UNSKILLED

-0.0003
0.0002
0.0011
-0.0002
0.0005
-0.0003

NON-ICT

0.0012
-0.0022
0.0096
-0.0023
-0.0045
-0.0027

MATERIALS

0.0014
0.0025
-0.0123
0.0039
0.0068
0.0036

SKILLED

-0.0006
-0.0012
0.0078

-0.0037
-0.0064
-0.0023

ICT

0.0203
-0.0339
0.1940
-0.0808
-0.3165
-0.0709

ENERGY

-0.0046
-0.0100
0.0512

-0.0162
-0.0329
-0.0213
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