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1 Introduction

The deterioration of the relative wage for unskilled workers in the United
States and the United Kingdom are often explained by large relative demand
shifts towards skilled labor. Two potentially important driving forces for
these shifts are globalization and skill biased technological changes (SBTC),
see e.g. Feenstra and Hanson (2001). These forces have occurred simulta-
neously in most developed countries, see for example Berman, Bound, and
Machin (1998).

Even though SBTC and globalization are general phenomena in the de-
veloped world, the relative wages for unskilled labor have been more stable
in continental Europe. A possible explanation for this observation is that
labor market institutions in the two regions are di¤erent. For instance Blau
and Kahn (1996) and Acemoglu (2002) argue that the in‡uence on relative
wages from trade unions may be important in continental Europe. When
the institutional setting on the labor market implies that relative wages are
constant, labor markets adjust through changing quantities, whereas labor
markets adjust through changing prices under ‡exible relative wages.

The purpose of this paper is to study skill upgrading when the institu-
tional setting implies that relative wages are rigid. By skill upgrading we
mean increases in the relative employment of skilled and educated workers.
Our point of departure is the Danish labor market where more than 75 per-
cent of the work force is organized in trade unions (see e.g. Calmfors et
al., 2001). It is shown that the relative wage between skilled and unskilled
labor in manufacturing is virtually constant over the last two decades. Fur-
thermore, the relative wage between educated and unskilled labor is broadly
constant. This is the case even though immense skill upgrading has taken
place. Moreover, we …nd that unskilled workers have su¤ered through re-
duced employment rates during the period under investigation, i.e. the labor
market has adjusted through changing quantities. Based on these observa-
tions, we conclude that the institutional setting of the Danish labor market
leads to rigid relative wages.1

1 This conclusion is supported by Acemoglu (2002). An alternative explanation for the
di¤erence in the development of relative wage in the two regions is that relative supply
of skilled labor in continental Europe has kept up with the relative demand shift towards
skilled labor. This hypothesis is tested and it is found that larger increases in the relative
supply of skilled labor in European countries explain some of the di¤erence. However, for
some countries - for instance Denmark - changes in relative supply of skilled labor do not
explain stable relative wages of skilled workers.
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With the above conclusion in mind, we set up a simple theoretical model
to analyze relative labor demand when relative wages are …xed. An impor-
tant feature of the model is capital-skill complementarity, which is supported
by for example Krusell et al. (2000). Another important feature of the
model is that we are able to distinguish between skill upgrading in the short
run (i.e. over the business cycle) and skill upgrading in the long run. Our
analysis illustrates that ongoing skill upgrading may be a result of SBTC
or international outsourcing. Moreover, it is shown that skill upgrading is
more pronounced during downturns than upturns. In the case with ‡exible
relative wages the cyclical development of skill upgrading is less straightfor-
ward.

In the empirical section we analyze skill upgrading in Danish manufac-
turing. Motivated by the theoretical model, it is investigated to what extent
an increasing unemployment rate leads to skill upgrading. Furthermore, we
study explanations for ongoing increases in the relative demand for skilled
and educated labor, and in particular to what extent these shifts can be
assigned to international outsourcing and SBTC.

The main …nding is a high positive and signi…cant correlation between
changes in relative employment of skilled labor and changes in the unemploy-
ment rate. This supports the prediction of the theoretical model, namely,
that changes in the relative demand for skilled labor varies over the busi-
ness cycle when relative wages are rigid. We also consider data for the US
labor market to study an economy with ‡exible relative wages. In this case,
the close relationship between skill upgrading and unemployment is not es-
tablished. This business cycle e¤ect of skill upgrading under rigid relative
wages has not to our knowledge been identi…ed in the literature.

In a formal regression analysis, we …nd that increasing relative demand
for skilled labor is partly explained by international outsourcing.2 More
speci…cally, our results indicate that Danish industries outsource activities
that use unskilled labor intensively, while headquarter activities that use
educated labor intensively remain in Denmark.

2 The applied panel data set covers 50 Danish manufacturing industries covering the
period 1980-1998. We want to emphasize that our data on international outsourcing are
not “constructed” data as those used by for instance Feenstra and Hanson for the US (see
e.g. Feenstra and Hanson, 2001) as our measures builds on input-output tables for the
import.
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We identify one important di¤erence between the cyclical e¤ect on skill
upgrading and the e¤ect from outsourcing. While skill upgrading as a conse-
quence of outsourcing takes place between unskilled and educated labor, the
cyclical e¤ect is characterized by replacement of unskilled with skilled labor
in downturns. The former type of skill upgrading is consistent with the idea
that industries outsource production that is intensive in unskilled labor. The
latter type is consistent with the existence of capital-skill complementarity
in the production of …nal goods.

The available data set does not permit estimation of the exact role played
by SBTC for skill upgrading. A measure for SBTC is extremely di¢cult to
provide. One candidate measure that is sometimes used in the literature is
the R&D intensity, see e.g. Berman, Bound and Machin (1998) and Machin
and Van Reenen (1998). However, the R&D intensity is not found to have
a signi…cant e¤ect on the increasing relative demand for skilled labor. One
explanation for this may be that R&D data only exist for a relatively short
period, namely the period 1987-1998. Another candidate measure is the
price of equipment capital, especially prices of ICT capital. However, we do
not have suitable data for this variable either.

The paper is organized as follows. In section 2, we present a number of
important indicators for the development in the Danish labor market. In
section 3, a simple model is build in order to analyze labor market adjust-
ment when relative wages are rigid. In section 4, the empirical analysis of
skill upgrading in the Danish manufacturing sector is presented. Section 5
concludes.

2 The labor market

The natural starting point for this analysis is to investigate relative wage
rates across skill groups. In Figure 1, we present the wages of skilled and
educated labor relative to the wage of unskilled labor in the manufacturing
sector.3

<Figure 1 around here>

3 Unskilled labor contains persons with elementary school or vocational high school,
skilled labor contains persons with vocational or short further education, and educated
labor contains persons with a medium and long further education.
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It is striking how uniform relative wages are over the period 1980-98.4 This
is, especially, pronounced for the relative wage of skilled labor that is vir-
tually constant throughout the period. The relative wage of educated labor
varies more, but develops di¤erently from the US experience where relative
wages for educated labor has increased since 1980, see e.g. Feenstra and
Hanson (2001). Based on Figure 1, it seems reasonably to say that relative
wages in Denmark have been roughly constant.

Even though relative wages are constant, skill upgrading has been pro-
nounced during the period 1980-98. In Figure 2, the employment shares of
unskilled, skilled and educated labor are presented.

<Figure 2 around here>

There has been ongoing skill upgrading with increasing employment shares
of skilled and educated labor, whereas the employment share of unskilled
labor has declined. The size of these changes are immense. For example the
employment share for unskilled labor has decreased by almost 15 percent
point over 18 years. Furthermore, the employment share of skilled labor
has increased by 10 percent points and that of educated labor has almost
doubled from 4.4 percent to 8.5 percent.

The combination of rigid relative wages and skill upgrading is di¤erent
from the development in the US and the UK where falling relative wages of
unskilled labor and skill upgrading have been predominant. Why has the
relative wage for unskilled labor in Denmark been roughly constant? We can
think of two main candidate reasons. First, relative wages could be constant
because of the institutional setting of the labor market. Second, the increase
in labor supply could have been relatively high in Denmark which have kept
the relative wage down. If the former explanation is more relevant, labor
markets adjust through changing quantities as opposed to changing prices.

To address the relevance of the two explanations we present two quantity
measures for the labor market. These are unemployment and employment
rates. If either of these indicators experience ongoing changes over the period
under investigation, this suggests that labor markets adjust through quantity
changes and that the institutional setting gives rise to rigid relative wages.

4 It also seems to be the case that there is much less variation in the relative wages in
our data period compared to previous periods, see Risager (1993).
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In Figure 3 unemployment rates for unskilled, skilled and educated work-
ers are presented.

<Figure 3 around here>

It is evident that the unemployment rate is lower, the higher the level of
education. It is interesting to note that despite the ongoing tendency for skill
upgrading, there has been no tendency for increasing relative unemployment
for unskilled labor.5 Consequently, Figure 3 does not support the hypothesis
that the relative position of unskilled labor has worsened during the last two
decades.

Figure 4 presents the di¤erence in employment rates between skilled and
unskilled labor as well as educated and unskilled labor. The employment
rate is de…ned as employment in full-time equivalents as a share of the
population in the group.6

<Figure 4 around here>

The employment rates of skilled labor and educated labor relative to un-
skilled labor display continuous increases. This illustrates that it has become
increasingly di¢cult for unskilled labor to obtain employment compared to
skilled and educated labor.7 This in turn supports the hypothesis that labor
market adjustment in Denmark takes place through quantity adjustments,
which suggests that relative wages are rigid as a consequence of the institu-
tional setting on the Danish labor market.8

5 After 1994 the unemployment rates for unskilled and skilled labor seem to catch up
on that of educated labor. It should be stressed that the possibility for retirement was
extraordinarily good for this period, especially for unskilled labor.

6 The fraction of unskilled persons that is employed exhibits a negative trend during
the period 1980-98. The fraction was about 65 percent in 1980.

7 Figure 4 is based on persons between the age of 25 and 54 to avoid e¤ects from
changing pension rules. The development illustrated in the …gure is not a consequence of
a changing age composition.

8 In economies with ‡exible relative wages such as the US, the relative wage and relative
supply of unskilled labor have both decreased. It follows that relative demand changes
must have played a dominant role. In the Danish economy with constant relative wages,
the relative employment rate and relative supply of unskilled labor have both decreased.
It also follows that relative demand changes must have played a dominant role.
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3 A simple theoretical model

In this section, we set up a simple theoretical model to study labor market
e¤ects of relative demand shifts under rigid relative wages.9 Final output
(Y ) is produced using unskilled labor (L), skilled labor (S) and capital (K):

Y =
h
Lσ +(Kρ +(aS)ρ)σ/ρ

i1/σ
, ρ < σ < 1. (1)

The elasticities of substitution between capital and skilled labor and be-
tween unskilled labor and the aggregate of capital and skilled labor equal
1/ (1 ¡ ρ) and 1/ (1 ¡ σ), respectively. An important assumption is capital-
skill complementarity, i.e. 1/(1 ¡ σ) > 1/(1 ¡ ρ) or σ > ρ. a is an index
of skilled labor augmenting technological change which is related to SBTC
or international outsourcing (time subscripts are suppressed for simplicity).
The production function could easily be reformulated to include parameters
indexing the share of work activities allocated to the speci…c type of labor.
This formulation is to a higher degree related to international outsourcing
(see Feenstra and Hanson, 2001). Furthermore, productivity variables for
unskilled labor and for capital could easily be introduced. In the rest of this
section, we refer to a change in a as SBTC.

The focal point is relative inputs of the three production factors, implying
that no assumptions concerning the …nal goods market are needed. Because
implications for skill upgrading of business cycles is addressed below, we
implicitly assume that Y depends on the level of demand for …nal goods.
Finally, the price of capital is assumed to be exogenous and equal to r, which
could be determined on the world capital market.

Motivated by the empirical evidence for Denmark the relative wage be-
tween unskilled and skilled labor is …xed to θ < 1. This implies a non-
competitive labor market in the sense that wage rates do not necessarily
clear the markets for the two types of labor. The wage level is exogenously
given (for instance determined by trade unions), implying that the wage rate
for skilled labor equals w, whereas the wage rate for unskilled labor equals
θw.

9 In Fosgerau, Jensen and Sørensen (2000), it is shown that almost all skill upgrading
is due to changes within industries. Hence, the underlying mechanism for the relative
demand shift seems to be uniform across industries.
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To study e¤ects on skill upgrading from business cycles it is a require-
ment to distinguish the short run from the long run. In the following, we
assume that the capital stock is …xed in the short run and ‡exible in the long
run. Input of skilled and unskilled workers are fully ‡exible at all points in
time. The assumptions de…ning the short run may seem restrictive. In order
to obtain the qualitative results presented below, however, input of capital
only need to be less ‡exible then the input of the two labor types. More-
over, it could be argued that skilled labor is less ‡exible than unskilled labor.
However, input of unskilled labor varies more than input of skilled labor as
presented below. This implies that our qualitative results are strengthen if
skilled labor is less ‡exible than unskilled labor.

3.1 The long run

Cost minimization implies that the relative marginal product between any
two production factors equals the relative price of the two production factors:

∂Y/∂K
∂Y/∂S

=
r
w

, (2)

∂Y/∂L
∂Y/∂S

= θ. (3)

Capital input relative to e¤ective skilled labor, aS, equals

K
aS

=
³ar

w

´ 1
ρ¡1 , (4)

using (1) and (2). If the price of capital (r) decreases relative to the price
on e¤ective skilled labor (w/a), capital input increases relative to the input
of e¤ective skilled labor.

Relative employment of skilled labor is derived using (1), (3) and (4):

S
L

= θ
1

1¡σ a
σ

1¡σ

µ³ar
w

´ ρ
ρ¡1 + 1

¶ σ¡ρ
ρ(1¡σ)

. (5)

An increase in the relative wage of unskilled labor, θ, increases the relative
employment of skilled labor. There are two channels through which skill
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upgrading occurs. First, a decrease in the price of capital relative to the
cost of skilled labor increases skill upgrading:

∂ (S/L)
∂ (r/w)

< 0. (6)

The sign of (6) depends on the capital-skill complementarity feature, i.e.
σ > ρ. The use of capital increases when the relative cost of capital falls.
Because of the capital-skill complementarity, employment of skilled labor
increases relative to that of unskilled labor. Second, SBTC measured by an
increase in a also leads to skill upgrading

∂ (S/L)
∂a

> 0. (7)

The latter result in (7) is general and does not rest on the assumption that
σ > ρ.

3.2 The short run

According to the applied de…nition, the capital stock is …xed in the short
run, K = K. Cost minimization implies that (3) also holds in the short run
because inputs of skilled and unskilled labor are fully ‡exible. However, the
relative employment of skilled labor equals

S
L

= θ
1

1¡σ a
σ

1¡σ

Ãµ
K
aS

¶ρ

+ 1

! σ¡ρ
ρ(1¡σ)

. (8)

When the economy is in a downturn, the representative …rm produces
less than in the long run equilibrium. Using (8) it is easily veri…ed that
inputs of both unskilled and skilled labor are reduced.10 Similarly, …rms
employ more of both inputs during upturns.

It is easy to see that

∂ (S/L)
∂S

< 0. (9)

10 In a downturn (Y decreases), it must be the case that either L and/or S decrease,
but (8) implies that L increases (decreases) when S increases (decreases).
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Consequently, there is skill upgrading (i.e. S/L increases) during down-
turns (i.e. S and L decrease), whereas there is skill downgrading (i.e. S/L
decreases) during upturns. This business cycle e¤ect on the relative em-
ployment of skilled and unskilled labor arises because of capital-skill com-
plementarity, i.e. σ > ρ. Since the capital stock is …xed in the short run,
any change in the level of production is to a larger extent achieved through
a change in the employment of unskilled labor than through a change in the
employment of skilled labor.

To summarize, the long run version of the model illustrates that a de-
creasing price of capital, SBTC and international outsourcing give rise to
skill upgrading. In the short run, skill upgrading are a¤ected by the busi-
ness cycle: skill upgrading is pronounced during downturns, whereas it slows
down during upturns. The business cycle e¤ect is generated by two charac-
teristics: rigid relative wages and capital-skill complementarity. In a com-
petitive labor market where wage rates are fully ‡exible, the relative employ-
ment of skilled and unskilled labor simply re‡ects the relative labor supply
of skilled and unskilled labor. Hence, skill upgrading simply re‡ects the
change in the relative supply of the two kinds of labor. In this case, the
cyclical development of skill upgrading is less straightforward.

4 Empirical results

In this section we present empirical results for increasing relative demand of
skilled labor in Danish manufacturing. First, the relationship between skill
upgrading and increasing unemployment is studied. Second, ongoing e¤ects
on relative demand for skilled and educated labor are investigated.

4.1 Skill upgrading and unemployment

In the theoretical model, the hypothesis that skill upgrading is more pro-
nounced during downturns was formulated. This result was derived assum-
ing a …xed relative wage. If relative wages were ‡exible, the cyclical behavior
of skill upgrading is less straightforward and a change in the relative wage
may tend to correct the asymmetric employment development for the two
types of labor. One simple way to study the di¤erences of distinct labor
market institutions is to compare data for Denmark and data for the US.
We expect that skill upgrading is more sensitive to changes in the unem-
ployment rate in Denmark than in the US.

9



Figure 5 presents the correlation between the change in the (log) un-
employment rate and the change in the (log) employment of skilled and
educated labor relative to unskilled labor.

<Figure 5 around here>

The result is remarkably clear. The relationship between unemployment
and skill upgrading is clearly signi…cant for the Danish labor market with
a correlation coe¢cient of 0.83 that is signi…cant at the one percent level.
This is not the case in the US where the coe¢cient is insigni…cant and equal
to 0.19.11

4.2 Ongoing skill upgrading

The fact that skill upgrading varies over the business cycle does not explain
the underlying causes for skill upgrading. In other words, it does not eluci-
date mechanisms that drive ongoing changes in relative labor demand away
from unskilled labor and towards skilled and educated labor. As discussed
above, two candidates explaining these changes are international outsourc-
ing and SBTC. Below, the importance of these candidates for skill upgrading
in Denmark is investigated.

We draw on several data sources. The labor market data are drawn from
the IDA data base from Statistics Denmark (2000). The data on interna-
tional outsourcing and production values are based on input-output tables,
Statistics Denmark (2002). Combining the labor market data and the input-
output data results in a panel data set for 50 industries covering the period
1981-98.12 The R&D data originate from the ANBERD database, OECD
(2001). In this data set the applied industry structure is ISIC Revision 3,
which is compatible with the industry classi…cation used in the databases
from Statistics Denmark when using a higher level of aggregation. This im-
plies that the number of manufacturing industries is reduced from 50 to 15.

11 The data period used for Denmark and the US is not the same. For the overlapping
period, 1981-1992, the correlation coe¢cient for Denmark equals 0.72, and it is signi…cant
at the one percent level. For the US the correlation coe¢cient equals -0.01 and it is
insigni…cant.

12 The manufacturing sector is classi…ed in 55 manufacturing industries. 5 industries
are excluded because IDA data only permit that employment data is classi…ed after 50
industries until 1993.
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Furthermore, the R&D data grouped after the ISIC Revision 3 only exist
from 1987-98.

It is an open question how international outsourcing should be measured.
One candidate measure is imported intermediate goods. Obviously, it is not
all imported intermediate goods that should be classi…ed as international
outsourcing, and therefore we use two di¤erent measures. We use a “narrow
measure” (out1i) and a “broad measure” (out2i). out1i is de…ned as import
of intermediate goods from the same industry abroad as the importing in-
dustry relative to the production value of the importing industry, whereas
out2i is de…ned as the import of manufacturing inputs to industry i relative
to the production value in industry i. Using weighted averages an ongo-
ing tendency for increasing international outsourcing is documented.13 The
measures have increased from 3.6 percent in 1980 to 5.6 percent in 1998 and
from 15.4 percent in 1980 to 20.2 percent in 1998, respectively.

Besides measures of international outsourcing, we want to include an
indicator capturing technological changes. The purpose is to assess whether
SBTC are present. Such a measure is, however, extremely di¢cult to pro-
cure. One candidate that is sometimes used in the literature is the R&D
intensity de…ned as the ratio of the ‡owof R&D expenditures to value added,
see for example Berman, Bound, and Machin (1998) and Machin and Van
Reenen (1998). For industry i, this variable is referred to as R&Di/Yi. The
measure applying for the total manufacturing has increased from 2 percent in
1980 to 5.6 percent in 1998. Unfortunately, industry data is only accessible
for the period 1987-98.

In summary, there has been tendencies for skill upgrading, increasing
international outsourcing as well as increasing R&D intensity. It is possible
that international outsourcing and SBTC have both been driving forces
for the increasing relative demand for skilled and educated labor. In the
following, this hypothesis will be tested.

Our point of departure is (5) which shows that an increase in the relative
productivity of skilled labor gives rise to skill upgrading. Now, an increase in
industry speci…c R&D intensity or international outsourcing is expected to

13 out1i = mi
i/pvi, where mi

i is the import of intermediate goods from industry i to
industry i. pvi is the production value in industry i. out2i = mi

pvi
, where mi is the

import of manufactured intermediate goods to industry i. The weighted averages are
determined using pvi/pv as weights, where pv is the aggregated production value of the
50 manufacturing industries.
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result in skill upgrading of industry i. To test this hypothesis, the following
equation is used for estimation purposes:

d
µ

we,i,tLe,i,t
wi,tLi,t

¶
= α0 + α1d (out1i,t)+ α2d (out2i,t ¡ out1i,t)

+α3d (R&Di,t/Yi,t) + α4d log (pvi,t) (10)
+δ1981D1981 + ... + δ1997D1997 + εi,t

where Le,i,t (we,i,t) denotes employment (the wage rate) of educational group
e (unskilled, skilled and educated labor) in industry i at time t. wi,tLi,t is
the total wage sum in industry i, i.e. wi,tLi,t =

P
e we,i,tLe,i,t. As there is

an increasing trend in all variables, …rst di¤erences are applied. Hence, the
left hand side measures the change in the share of the total wage sum which
goes to educational group e in industry i in period t (i.e. the change from
period t ¡ 1 to t). In order to diminish problems from aggregating labor
with di¤erent productivity (and to follow what has become standard in the
literature), the share of the wage sum is used as dependent variable instead
of the employment shares of each educational group.14 We include both
measures of international outsourcing in the estimations, but since out1i,t is
included in out2i,t, the former is subtracted from the latter.

To control for di¤erences between contracting and expanding industries,
we have included the change in the (log) real production value (pvi,t), and
to control for common time speci…c di¤erences we apply a full set of time
dummies. Finally, ε is an error term.

The regression equation (10) is estimated using panel data as described
above, and it is estimated using common intercepts over industries and
Pooled Least Square. We do not apply feasible GLS using estimated cross
section residuals as weights to control for cross section heteroscedasticity,
because the cross-section dimension of the data set is large compared to the
time dimension.15

In the following, we do not report any results including R&Di/Yi because
this variable does not enter signi…cantly. We expect this to be due to the
short time dimension for which the variable is included, 1987-98. Machin
and Van Reenen (1998) establish a signi…cant positive relationship between

14 The expression in (5) can easily be rewritten in wage shares by dividing by θ on each
side of the equation.

15 If we applied feasible GLS, the 50 estimated cross-section variances would be based
on a time dimension of 18 years only.
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changing employment shares and R&D intensities for Danish manufacturing
for an earlier time period using an older version of the ANBERD database
that is based on the obsolete industry classi…cation, ISIC Revision 2. By
excluding R&Di/Yi from our regressions, we have data for 50 industries
covering the period 1980-98.

The estimation results are presented in Table 1.

<Table 1 around here>

In Table 1, the …rst two columns refer to estimations where the left hand
side variable is the change in the share of the wage sum going to unskilled
labor. The next (last) two columns refer to the estimations where the left
hand side variable is the change in the share of the wage sum going to
skilled (educated) labor. Panel a presents the results where all variables and
a full set of time dummies are included in the regression. We notice that
international outsourcing tends to decrease the relative demand for unskilled
labor and to increase the relative demand for educated labor. With respect
to the intermediate group of skilled labor, we do not …nd a signi…cant e¤ect
from international outsourcing on the demand for this kind of labor.16

As argued above, we expect that skill upgrading varies over the busi-
ness cycle. Therefore, in Panel b we include a dummy variable indicating
whether a speci…c year is a downturn year.17 This variable is equal to one if
production value growth in total manufacturing is below the average growth
rate for the period 1981-98 and equal to zero otherwise. In order to be able
to interpret the di¤erence between downturn years and upturn years, we do
not include other time dummies in these regressions. Again, we …nd that
international outsourcing tends to decrease the relative demand for unskilled
labor and increase the relative demand for educated labor. Moreover, the
estimated coe¢cients to international outsourcing are more or less identical
to those estimated in Panel a. It is seen that falling relative demand for

16 An alternative explanation for the cyclical e¤ect on skill upgrading is labor hoarding
due to hiring and …ring costs. However, the estimated time dummies found in the re-
gression leading to Table 1, Panel a (the dummies are not reported in the table) do not
support that there is a signi…cant di¤erence between skill upgrading in the beginning of a
downturn and at the end of a downturn.

17 An “ideal” measure would be the di¤erence between actual output and potential
output. However, no data exist on the latter measure.

13



unskilled labor is more pronounced during downturns than upturns. The
increase in demand for skilled labor is much more pronounced in downturn
years than in upturn years, nearly six times higher in downturns. We do not
…nd any signi…cant di¤erence between downturns and upturns for educated
labor. In Table 1, Panel c, the estimated coe¢cients are reported when
only signi…cant variables are included. There is basically no changes in the
estimated coe¢cients.

One important di¤erence between the downturn e¤ect on skill upgrading
and skill upgrading due to outsourcing is evident from Table 1. While skill
upgrading as a consequence of outsourcing takes place between unskilled
labor and educated labor, the downturn e¤ect on skill upgrading is char-
acterized by replacement of unskilled labor with skilled labor. The former
type of skill upgrading is consistent with the idea that industries outsource
production intensive in unskilled labor to foreign countries while headquar-
ter activities are retained in Denmark. The latter type of skill upgrading is
consistent with the existence of capital-skill complementarity in the produc-
tion of …nal goods. This is in turn consistent with the decreasing price on
capital explaining skill upgrading.

Equation (10) is also estimated based on average changes over longer time
periods to investigate whether the results are robust to using shorter and
longer changes. This type of analysis is often performed in the literature, see
for example Machin and Van Reenen (1998) where the authors apply one-
and four-year changes. The results established in Table 1 suggest that we
should be careful when performing the analysis for longer changes due to the
di¤erence in skill upgrading over the business cycle. Therefore, downturn
periods and upturn periods are separated and a dummy variable is included
that indicates whether a period is a downturn or an upturn. Consequently,
data are divided into four periods: 1981-83 (downturn), 1984-86 (upturn),
1987-93 (downturn) and 1994-98 (upturn). Table 2 presents the estimation
results based on average changes. The qualitative results are similar to those
presented in Table 1. The only exception is for outsourcing that no longer
has a signi…cant e¤ect on the relative demand for unskilled labor.

5 Conclusion

Relative wages for skilled labor have increased during the last two decades in
the US and the UK. In most continental European countries, relative wages
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have been more stable. In this paper the case of Denmark is considered; a
country where relative wages have been remarkably rigid for the past two
decades. We argue that the rigid relative wage is a consequence of the
institutional setting on the Danish labor market.

In a simple theoretical model, we show that ongoing skill upgrading
may be a consequence of skill biased technological change and international
outsourcing. Moreover, skill upgrading should be more pronounced during
downturns than during upturns. The latter result is a consequence of capital-
skill complementarity and rigid relative wages.

In the empirical analysis, a signi…cant positive correlation between changes
in the unemployment rate and changes in the relative employment of skilled
and educated labor is found (i.e. skill upgrading). This correlation is not
established for the US labor market. This is in accordance with the the-
ory as the US labor market is characterized by ‡exible relative wages and
changes in relative wages are expected to counteract changes in relative labor
demand.

We analyze to what degree skill upgrading is explained by international
outsourcing and skill biased technological change. In the empirical analysis
only international outsourcing is documented to have a signi…cant e¤ect on
skill upgrading, and Danish industries tend to outsource activities which are
intensive in the use of unskilled labor. A signi…cant relationship between
the R&D intensity - the applied indicator for SBTC - and skill upgrading is
not established. We interpret this as a result of data shortage rather than
absence of SBTC in Danish manufacturing.
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Figure 1:  Relative Wages of Skilled and Educated Workers, 1980-1998 
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Notes:   we/w1: Wage of workers in educational group e relative to average wage of unskilled workers 
(Full-time equivalents),  2: skilled labor, 3: educated labor.  
Source:  IDA, Statistics Denmark (2000) 

 
 
 

Figure 2:  Relative Educational Shares in Employment, 1980-1998 
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Notes:    Le/L: Employment in educational group e relative to total employment (Full-time 
equivalents.), 1: unskilled labor, 2: skilled labor, 3: educated labor.  
Source:  IDA, Statistics Denmark (2000) 
 



Figure 3:  Unemployment Rates for Educational Groups, 1980-1998 

Notes:   ue: unemployment rate in educational group e, 1: unskilled labor, 2: skilled labor, 3: educated 
labor.  
Source:  IDA, Statistics Denmark (2000) 

 
 

Figure 4:  Differences in Employment Rates, 1980-1998 
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Notes:     The employment rate is defined as employment in full-time equivalents as a share of the 
population. pe: difference in employment rates between education category e and unskilled labor. 2: 
skilled labor, 3: educated labor. The population covers persons aged 25-54. 
Source:  IDA, Statistics Denmark (2000) 
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Figure 5:  Changes in Unemployment Rates versus Changes in the Labor Input 
Ratio. 

Notes: L-share (Labor input ratio): Skilled and educated workers vs. unskilled workers. Period under 
investigation: 1963-92 for USA and 1980-98 for Denmark. ρ presents the pairwise correlation coefficient 
between growth in the unemployment rate and growth in the labor input ratio. p-values testing the null of 
independence are in parentheses (an asterisk denotes significance at 0.01 level or better) 
Source: IDA, Statistics Denmark (2000), Krusell, Ohanian, Ríos-Rull, and Violante (2000), and www.bls.gov, 
Bureau of Labor Statistics. 
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Table 1:  Regressions for Wage Shares of Unskilled, Skilled, and Educated Labor, Annual 
Changes, 1981-98 

 
Notes:   Dependent variable: (we,i,tLe,i,t/Σw e,i,tLi,t) refers to relative wage shares for educational group e, industry i at 

time t. Explanatory variables: (out1i,t) refers to imports of intermediate goods from industry i to industry i 
relative to production value. (out2i,t -out1i,t) refers to imports of intermediate goods from manufacturing 
industries outside industry i to industry i relative to production value.  log(pvi,t ) refers to log of production 
value. d refers to annual changes. Downturn is a dummy variable equal to one if production value growth in 
manufacturing is below average and equal to zero otherwise. Full set of time dummies is included in Panel a. t-
statistics are White Heteroscedasticity consistent. ** Significant at 1 pct. level and * significant at 10 pct. level. 

Source:  Input-Output tables and IDA, Statistics Denmark (2000) 

Panel a

Constant -0.0024 -0.99 -0.0034 -1.51 0.0058 ** 4.24
d(out1) -0.0640 * -2.42 -0.0158 -0.55 0.0798 ** 3.18
d(out2-out1) -0.0266 -0.98 0.0276 1.07 -0.0010 -0.03
dlog(pv) -0.0019 -0.31 0.0048 0.80 -0.0029 -0.45

R-squared 0.0815 0.1005 0.0338
Adjusted R-squared 0.0606 0.0800 0.0118
Durbin-Watson stat 2.0861 2.1082 2.2911
Total panel (balanced) observations: 900 900 900

Panel b

Constant -0.0043 ** -5.92 0.0013 * 2.05 0.0030 ** 4.39
d(out1) -0.0646 * -2.50 -0.0158 -0.58 0.0805 ** 3.46
d(out2-out1) -0.0210 -0.76 0.0209 0.79 0.0001 0.00
dlog(pv) -0.0016 -0.27 0.0044 0.74 -0.0028 -0.43
downturn -0.0065 ** -6.94 0.0061 ** 7.47 0.0004 0.50

R-squared 0.0570 0.0588 0.0172
Adjusted R-squared 0.0528 0.0545 0.0128
Durbin-Watson stat 2.0650 2.0610 2.3005
Total panel (balanced) observations: 900 900 900

Panel c

Constant -0.0044 ** -6.44 0.0015 * 2.46 0.0031 ** 8.70
d(out1) -0.0595 * -2.35 0.0802 ** 3.36
d(out2-out1)
dlog(pv)
downturn -0.0064 ** -7.04 0.0060 ** 7.33

R-squared 0.0561 0.0558 0.0160
Adjusted R-squared 0.0540 0.0547 0.0149
Durbin-Watson stat 2.0702 2.0659 2.3030
Total panel (balanced) observations: 900 900 900

t-Statistic

Coefficient

d(W1*L1/sum(Wi*Li))

Coefficient

Coefficient t-Statistic Coefficient
d(W1*L1/sum(Wi*Li)) d(W2*L2/sum(Wi*Li))

d(W1*L1/sum(Wi*Li)) d(W2*L2/sum(Wi*Li))

Coefficient t-Statistic Coefficient t-Statistic

t-Statistict-Statistic

d(W2*L2/sum(Wi*Li))

d(W3*L3/sum(Wi*Li))
Coefficient t-Statistic

d(W3*L3/sum(Wi*Li))
Coefficient t-Statistic

d(W3*L3/sum(Wi*Li))
Coefficient t-Statistic



Table 2:  Regressions for Wage Shares of Unskilled, Skilled, and Educated Labor, Longer 
Changes, 1981-98 

 
Notes:   Dependent variable: (we,i,tLe,i,t/Σw e,i,tLi,t) refers to relative wage shares for educational group e, industry i at 

time t. Explanatory variables: (out1i,t) refers to imports of intermediate goods from industry i to industry i 
relative to production value. (out2i,t -out1i,t) refers to imports of intermediate goods from manufacturing 
industries outside industry i to industry i relative to production value.  log(pvi,t ) refers to log of production 
value. d refers to longer changes. Downturn is a dummy variable equal to one if production value growth in 
manufacturing is below average and equal to zero otherwise. Longer changes are based on four time periods 
(1981-83, 1984-86, 1987-93, and 1994-98). Full set of time dummies is included in Panel a. t-statistics are 
White Heteroscedasticity consistent. ** Significant at 1 pct. level and * significant at 10 pct. level. 

Source:  Input-Output tables and IDA, Statistics Denmark (2000) 

Panel a

Constant -0.0029 ** -4.36 0.0002 0.32 0.0026 ** 3.61
d(out1) -0.1048 -1.17 -0.0146 -0.18 0.1194 1.59
d(out2-out1) 0.0412 0.57 -0.0084 -0.23 -0.0329 -0.43
dlog(pv) 0.0004 0.04 -0.0098 -1.37 0.0095 0.88

R-squared 0.1740 0.2097 0.0512
Adjusted R-squared 0.1484 0.1851 0.0217
Durbin-Watson stat 1.9417 1.9781 1.7307
Total panel (balanced) observations: 200 200 200

Panel b

Constant -0.0035 ** -6.76 0.0015 ** 3.09 0.0021 ** 5.37
d(out1) -0.0848 -0.96 -0.0581 -0.71 0.1430 * 2.22
d(out2-out1) 0.0395 0.56 -0.0118 -0.32 -0.0277 -0.35
dlog(pv) -0.0010 -0.09 -0.0068 -0.93 0.0078 0.73
downturn -0.0044 ** -5.99 0.0038 ** 6.15 0.0005 0.89

R-squared 0.1651 0.1756 0.0422
Adjusted R-squared 0.1480 0.1587 0.0226
Durbin-Watson stat 1.9436 1.9639 1.7141
Total panel (balanced) observations: 200 200 200

Panel c

Constant -0.0036 ** -7.64 0.0013 ** 2.90 0.0024 ** 7.83
d(out1) 0.1521 ** 2.71
d(out2-out1)
dlog(pv)
downturn -0.0043 ** -6.02 0.0039 ** 6.34

R-squared 0.1546 0.1689 0.0306
Adjusted R-squared 0.1503 0.1647 0.0257
Durbin-Watson stat 1.9025 1.9159 1.6479
Total panel (balanced) observations: 200 200 200

t-Statistic

Coefficient

d(W1*L1/sum(Wi*Li))

Coefficient

Coefficient t-Statistic Coefficient
d(W1*L1/sum(Wi*Li)) d(W2*L2/sum(Wi*Li))

d(W1*L1/sum(Wi*Li)) d(W2*L2/sum(Wi*Li))

Coefficient t-Statistic Coefficient t-Statistic
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