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Abstract
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1. Introduction



A striking feature in most OECD countries is a ghagrowing share of skilled labor in the
labor force. A clear result from several decomposg of the changes in skill shares (shift-
share analyses) in various counttissthat the bulk of the increase is driven by dapithin-
industry changes in skill utilization rather thagtween-industry employment shifts. This
precludes explanations involving shifts in prodoetfrom less-skill intensive industries to

more-skill intensive industries as the main cauddbe significant skill upgrading.

Two factors put forward, consistent with within-usdry increases in skill shares, are skilled-
biased technological change and increased glotializpressure. Skilled-biased
technological change means technical progresseadates the need for unskilled labor. The
prime suspect for widespread recent technologttaihges that could have led to drastic
changes in the relative demand for skills is ttiighion of computers and related
technologies. Another factor that may have acctddreechnological changes is the larger

R&D expenditure we observe in many OECD countries.

Increased globalization pressure may affect thativel demand for skills within industries
through increased competition from the South. Wieskiow that industries, even if they are
defined on the lowest level of industry aggregateme by no means composed of activities
with similar skill shares. Increased exposure tmgetition from the South may then lead to
switches from domestic low-skill producers to fgresuppliers in countries abundantly
endowed with unskilled labor. Outsourcing is anofassibility, which means that firms in
developed countries find it profitable to offloddtmost unskilled-labor intensive activities to
overseas production in countries where unskillbdias relatively cheap. The relative
demand for skilled workers increases in the devedlagguntries since the remaining activities

then, on average, become more skill-intenéive.

The purpose of this paper is an attempt to quatiiéyrelative importance of these factors in
Swedish manufacturing over the past 25 years. &pergs in a vein emanating from Berman,
Bound & Griliches (1994). We estimate a reducedifanodel on industry level originating
from a labor demand function derived from a tragslost function. We assume that
technological changes can be related to investiggttysical capital and knowledge. New
technologies are often embodied in new machinedytlaa latest production methods are

usually put into practice in newly set-up plant.iAseveral other similar studies we can
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establish a positive relationship between accununaif physical capital and demand for

skills 3

Investments in R&D are expected to result in tetbgioal improvements. By cumulating
R&D expenditure we construct knowledge capital lkstod he knowledge stocks can be
smoothly integrated into our analytical frameworkianake it possible to examine whether
knowledge capital and skilled labor are relativeaptements. Our findings show that they
are, and that the rapid growth in knowledge capit&weden is a major explanation of the
increased relative demand for skills in Swedish uf@acturing over the last decade. Moreover,
we find that the degree of complementarity betwiaewledge capital and skill has
strengthened over time. We also try to evaluatentipact of international technology

spillovers and our results indicate some influemicehe relative demand for skills.

Many studies have examined the hypothesis that tnad led to deterioration in the position
of less-skilled workers. Generally, growth rateshia shares of imports and exports in
consumption (production) are included as explayatariables of shifts in skill structurés.
We argue that growth in the share of imports inscmnption is an indicator of increased
import competition. In order to investigate thduehces of increased competition from the
South more rigorously we have to disaggregatertipoits by country of origin; in our
analysis we let the import share be based solelynports from non-OECD countriédNe
observe a small, positive impact of increased Soatimport competition on the relative
demand for skills in Swedish manufacturing. A clomeamination of individual sectors

shows that this result is essentially driven bytthdile industry.

Finally, we broaden our horizon outside manufaogirWe discuss what has happened to
Swedish manufacturing as a whole in relation teogectors. Has the manufacturing share of
total employment been shrinking in Sweden as ielo®ECD countries? A reasonable
consequence of a falling manufacturing share duecteased competition from the South
would be a decrease in employment of less skiledd in manufacturing. Such a
development may in turn have effects on the ski##nsity in the less trade-exposed non-
manufacturing sector. In this respect we compagesthployment pattern of the skilled and
less skilled in Swedish manufacturing and non-mactufing sectors in the late 1980s up to
the mid-1990s. An indicator of the position of &dl and less skilled workers on the labor

market, in particular in the European countrieshésrelative unemployment rate. We
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investigate its development in Sweden since thénbety of 1970s and compare with the

situation in other OECD countries.

The plan of the paper is as follows. In sectiow@ outline the analytical framework and
suggest different technology indicators. In sec8dh we analyze the technology impact on
skill upgrading in Swedish manufacturing over tastldecade. Section 3.2 deals with whether
we can observe acceleration in the relative denanskills. Section 3.3 examines the effects
of competition from the South on skill upgradingc®r 3.4 widens the analysis to the whole
Swedish economy; we discuss employment pattertieeimanufacturing and non-
manufacturing sectors and the relative unemploymegatof skilled and less skilled workers.

Section 4 concludes.
2. Analytical framework

We follow the standard setup in this literature dedve our econometric specification from a
non-homothetic translog cost functioBkilled and less skilled labor are variable factomg
physical capitaK and knowledge capit&8lare treated as fixed factors. Cost minimization

implies that we obtain the share of skilled labostdn total wage cost by employing

Shephard’s lemma. The cost share of skilled laPBris

PV =hy+bin(w/ w)+ bin Y+ Bin K hin § pT (1

wherew, andw, are wage rates of skilled and less skilled worKeérs real output and is

an index of the state of technology.

Differentiating (1) with respect to time, assumthg parameters to be invariant across

industries and appending an error tere gives our basic regression model

AR =,5’0+,5’1A|n(w3/wu)i +BAINY +BAIN K+BAIn S+ LA T+g )

The sign of 5, depends on whether the elasticity of substitutietween skilled and less
skilled laborais greater or less than ong; is negative whew'is larger than onéDespite

an opportunity to calculate relative wages -- byngishe sum of labor income and the number



of employed divided into skilled and less skilledagories on industry level -- we never
estimate, . The reason is that it is questionable whetheh selative wages can be
considered exogenous. According to Berman, Bour@riéiches (1994) some of the relative
wage changes depend on cross-sectional differemsédl upgrading, which means that we
confound price changes with quality changes. Omthele, compositional changes (due to
age and education) of the skilled and less skdledips may largely affect our calculated
relative wages. Moreover, there is a definitiomddtionship between our dependent variable

and our measure of relative wage.

If we instead assume labor to be perfectly molitess industries, the wage of the skilled is
equalized across industries, as well as the waggedess skilled, anz‘kln(ws / wu)i isa

constant. The exclusion of the relative wage variablietngn only affect the interceps, or

the coefficients of the time dummies in a panel study.

The estimate of3, shows whether the growth in output is related to chaimgthe wage bill
share of skilled labor. I3, = 0, we cannot reject the hypothesis that the prodadtinction

is homothetic.

The coefficient ofAIn K indicates whether skilled labor is complementgy % 0) or
substitute (3, <0) to physical capital in the production process. &8sume that new

machinery and equipment make use of the lateshi#¢gbies and that modern methods of
production are practiced in newly built plants. fieclogy innovations alter the demand in
favor of better-educated workers because they aamparative advantage in implementing
new technology.Computerization and other information technologgnade the work force
by automating toilsome and manual tasks and giwiatkers more time to concentrate on
conceptual and decision-making tasks. Other mayeatigat new technology de-skills the
work force. Mass production and other radical tetbgical advances in the @entury led

to the substitution of highly skilled artisans withysical capital, raw materials and unskilled

labor?®

Similar arguments also apply to knowledge capital the estimate of5, shows whether

skilled labor is complementary3 > 0) or substitute §, < 0) to knowledge capital. To
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calculate knowledge capital stocks we use timeesarf R&D expenditure. Following Hall &

Mairesse (1995) we use the formula

S =(1-a)S4+ RR, 3)

where S, is the knowledge (R&D) capital stock in indust3t the beginning of periagl
RD,_, is expenditure on R&D, industrytime t —1, in constant prices and; is the rate of

depreciation of knowledge, i.e. the rate at whinbwledge becomes obsolete. A benchmark

S, is obtained as

_ RDy
M grg,

(4)
whereg is the rate of growth of R&D (assumed constant divee). We assume a
depreciation rate of knowledg®, of 15 percent (cf. Hall & Mairesse 1995) and aspraple

growth in R&D expenditure of 6 percent. We alsauass that investments in research add to

the stock of productive knowledge with a lag okthyears®

As alternative measures éfin S we employ the R&D intensity, i.e. R&D expendita® a

share of value addediRD/ Y)*"***", which has been frequently used in other sinstadies,
or the share of technicians among the employEe€H New technologies are continuously
introduced at a high rate in R&D intensive indwedrand a high share of technicians enhances

the ability to develop, adopt and implement nevihbtedogies.

AT includes technological changes not captured bpgdsin the industry’s own physical or
knowledge capital stock. One would expect a higaer of technological change in industries
where the potential for international technologiispers is large. Following Machin & Van

Reenen (1998) we construct a spillover pool sinfyyigalculating the world wide (13 OECD

countries excluding Sweden) R&D intensifRD/ Y)°=" for each industry*

In our models we use various types of technologicetors measuring different aspects of
technological chang®.Therefore, it could be of interest to show therelation among these

indicators. We calculate a correlation matrix far technology indicators in a panel of 19



industries for the period 1986-95. A complete dipsicm of the data -- definitions and

sources -- is given in the Appendix.
Tablel Correlation matrix: Technology indicators

Most of the variables in the correlation matrixTiable lare positively correlated and the

R&D intensity in SwedefRD/ Y)*"**"and the share of techniciafiECH are very strongly
correlated (0.80). In our analysis we will use thego variables interchangeabl=CH has
the advantage of being available in industriegatlevels of aggregation. Other variables that

are strongly correlated af®D/ Y)*"***" and the R&D intensity in other OECD countries

(RD/ Y)%"°. Yet the correlation is far from one (0.69), whiolicates that it is not exactly

the same industries that are R&D intensive in Sweadel in other OECD countries. Finally,

the R&D intensity in SwedefiRD/ Y)*"**"and the relative growth in the knowledge stock
AlIn'S are not particularly correlated (0.50); the R&Demsity may underestimate

(overestimate) knowledge capital accumulation @witech” ("high-tech”) industrie$®
3.  Empirical results
3.1 Technology and skill upgrading

In the econometric analysis we estimate variousifipations based on the model in equation
(2). Due to the availability of data we use twdetiént datasets’ The first is a panel of 19
manufacturing industries for the period 1986-95hka second the time period is extended,
1970-93, and we pool data for two time periods,0t83 and 1986-93, for which we have
calculated average annual changes. Here, we uskeveis of aggregation: the same 19
industries as in the 1986-95 panel and a more gisggted one, consisting of 34
manufacturing industries. Our definition of skillebor is based on educational attainniént.
We define skilled labor as employed workers wittoat-secondary education, i.e. with more

than 12 years of education. The dependent varialilee 1986-95 panel study is changes in
skilled labor wage bill share&P" and in the pooled 1970-93 dataset the dependeiabiar

is changes in skilled labor employment shak®s .*® The results from the 1986-95 panel are

given inTable 2and from the 1970-93 pooled modefiable 6
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Table2 Wage bill share equations based on a 19 manufagtindustry panel in Sweden
1986-95.

As a comparison with similar studies, in particiMachin & Van Reneen (1998 we start

in specification (i) by using the R&D intensity Bweden in period -1 (RD/ Y)$"**"as a
technology indicator. We use lagged R&D interi$ity take into account that new knowledge
will not be implemented immediately (cf. the constion of knowledge stocks). Another
reason is that we want to avoid picking up an itgbetween R&D expenditure and changes
in the share of skilled labor; most R&D spendingiade up of the employment cost of
scientists and other skilled workers. On the olfaerd, the number of R&D workers in

manufacturing is relatively smafl.

Our results conform to other studies. We find thatcoefficient on the changes in physical
capital is positive and significant in specificattif) and in all other specifications rable 2
This implies complementarity between physical cégitel skilled labor. The coefficient is
also positive, and strongly significant, on Swed®&D intensity that means that over the last

decade R&D intensive industries have been mordylikeincrease their skill sharé$.

In columns (ii) and (iii), we replace Swedish R&mensity with changes in knowledge
capital. The yearly variation in skill shares anchteology measures tend to be small and
therefore in (iii) we use longer frequency diffecen, three-year differences instead of one-
year differences. Moreover, such a specificatiomage useful on comparisons with some of

the later results.

From the results in columns (ii) and (iii) we carakiate and compare the impact of
investment in new plants and machinery and investimeknowledge on the relative demand
for skills in Swedish manufacturing during the 14880s and the beginning of 19965.he
coefficient on the growth in knowledge capitalésd than the coefficient on the growth in
physical capital but from column (v) we notice thia knowledge capital has grown faster
than the physical capital. Using this in a backke-envelope calculation in column (v) (the
regression coefficients are from specification)ive find that the growth in knowledge
capital "explains” almost 17 percent of the oveclidnge in the skill structure in

manufacturing while the contribution of physicapital is 14 percerft
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Since the change in knowledge capitdh S is a key variable we also check whether outliers
drive our estimates on the coefficient®fn S. Figure 1, which shows the partial association
between change in skilled labor wage share andgeh@amnknowledge capital, indicates that
this is not the casg.

Figurel Partial association between change in skilledra@me bill share and change in
knowledge capital

The effect of potential international technologyllspers is positive and significant on 10
percent level in (ii), while we get a lower, andtgitically insignificant, coefficient, when we,
in column (iii), base our estimates on longer freroey differences. According to the

evaluation in column (v) international technologylsvers seem to have some economic

impact. Another interesting observation is thaeaclusion of(RD/ Y)°“° will bias the
coefficients onAIn S and Aln K upwards®* they pick up some of the effects of international

technology spillovers.

Table 3 Physical and knowledge capital investments in Swexahal in OECD 1986-95

The results inmable 2indicate that, in particular, investment in knogde capital, i.e. growth
in R&D stocks, seems to have played an importdetiroexplaining the increased relative
demand for skills in Swedish manufacturing overlfst decade. This impression is
strengthened by the fact that until the beginnihthe 1980s the R&D intensity in Sweden
and the R&D intensity in other OECD countries depelbin similar pattern. By the mid-
1980s the Swedish R&D intensity was slightly lardmrt then the gap between them has
widened. The investment ratios, on the other haade fluctuated around the same level (15
percent) over the period 1973-&4Calculations of the annual growth in the physarad the
knowledge capital stocks in manufacturing, preseiméd able 3 indicate that the growth rate
in knowledge capital has been about one percemaige higher in Sweden than in other
OECD countries and the growth rate in physical tedypnore than two percentage points
lower. The lower rate of physical capital accumuolatidespite an average OECD investment
ratio in Sweden over the period studied, can béagngd by the fact that Sweden had a fairly
high physical capital-output ratio in the middletoé 1980<° Consequently, a great deal of

the investments in buildings and machinery area@ghents of depreciated capital.

3.2 Acceleration in skill upgrading



One intriguing question is whether we can obseceelaration in the relative demand for
skills during the last few decad&sTo analyze this we have to extend the period usitety.
The educational attainment of the employees in natufing has increased continuously
over the past thirty-five-year period. The sharthygiost-secondary education has increased
from 2.6 percent 1970 to 16.3 percent 1995 andlilaee with post-secondary education of
more than three years from just over 1 percent 18@0little less than 6.4 percent 1583

we calculate the average annual changes in thefaciotng skill share over different

periods and we find that the rate of change has#ased over time.

Partly, the shift over the period 1970-85 may bel@xed by growing relative demand for
skills but, as put forward by Edin & Holmlund (199an increase in the supply of labor with
higher education seems to have played the morertangaole. According td@able 4 the
relative wages of skilled labor fall over the per©70-85. This implies that firms had an
incentive to substitute less skilled labor withligki. Moreover, the changes in the
international specialization pattern of Swedish ofaaturing are consistent with a
Rybczynski effect: the large increase in the supplskilled labor led to shifts in

specialization towards more production in skillaiér intensive industries.

Table4 Skilled-based relative wages in Sweden 1968-91

Table 4also documents a moderate rise in the relativeesraf skilled labor from 1984 until
at least 1991. Edin & Holmlund (1995) argue tharewver this period the explanations for
the relative wage changes are found on the sumdy a8 slowdown in the supply of educated
workers in the mid-1980s. One argument againstishise increased rate of change in the
manufacturing skill share, despite slightly rismegative wages of skilled labor. In their
analysis the demand side is modeled in a rudimgfaghion. A time trend, which is positive
and significant, is used to pick up influenceseafinological changes in a regression on
relative wage$: Furthermore, they examine the extent to which egipent has shifted
towards skill-intensive industries (cf. the betwéedustry component below) and find that

the allocation between industries was less favertbkkilled labor in the late 1980s.

Table5 Between- and within-industry decomposition of theanges in the employment
structure in Swedish manufacturing 1970-96.
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However, recent studies have decomposed the chanige share of skilled labor into two
components, where one captures reallocations betindestries and the other the effect of
changing skill ratios within industries. Trable 5we make this type of analysis on the changes
in the employment structure in Swedish manufactuti70-96. We observe the same pattern
as in other studies, namely that the bulk of tleedase in the manufacturing skill share has
occurred within-industries. The result is not depaTidn the aggregation level of industries;
the within-industry component is large even onidyféow level of industry aggregation. This
emphasizes the importance of trying to explainviftein-industry shifts in skill shares in

order to understand skill share trends in Swediahufacturing.

Table6 Employment share equations in Swedish manufacti97@-93

The rate of the within-industry shift towards higls&ill shares has been increasing over time
and it is particularly strong during the late 198@sl in the beginning of the 1998sTo

explain this pattern we estimate our preferred rhimd€able 2 (specification (iii)) for the two
time periods 1970-85 and 1986-93 on the same I9ngadufacturing industries as in the
1986-95 panel study and we allow the coefficieatgdry between the periods. We find that
the only variable of importance for which the caméint differs significantly between the two
periods is the knowledge capital accumulatibim S. Therefore, in specification (i), we
restrict all other coefficients to being equal asrthe two time periods. The result is quite
interesting since knowledge capital accumulatios daignificantly larger effect on the
relative demand for skills in the recent perfd@®ne interpretation is that the degree of

complementarity between knowledge capital andskifls increased over time.

In some contrast to our results in the panel stpdigntial international technology spillovers
have a positive and clearly significant impact loa telative demand for skills. This is a
reasonable outcome given the fact that Swedesnsadl open economy and is in line with
other studies on international technology spillsyerg. Coe & Helpman (199%)The
influence of physical capital accumulation is imsfigant, however, yet still positive. The
back-of-the envelope calculations in column (iWJigate that there is a considerable
contribution to the relative demand for skills frambernational technology spillovers and
knowledge capital accumulation in the recent peraodi also to some extent from physical

capital accumulation.
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In specification (ii) we use the more disaggregatathset (34 manufacturing industries). On
this level of aggregation we have no access toaa@&D expenditures. The correlation

matrix in Table 1 demonstrates, however, strongetation on industry level between the
R&D intensity in SwededRD/ Y)5**" the R&D intensity in other OECD countries
(RD/ Y)9F°P and the share of techniciafiECH. In specification (i) we replacAIn S and

(RD/ Y)9F°P with TECH and the coefficient oRECH s positive and strongly significafit.
A notable difference in comparison with specifioat(i) is the coefficient on physical capital

accumulation, which is larger and clearly signifitan specification (ii).
3.3 Skill upgrading and competition from the South

One argument advanced against international trade &xplanation of increased relative
demand for skills is the outcome from decomposistudies such as those presente@ahle

5. It has been argued that, in a developed coumtcyeased competition from less-developed
and newly industrialized countries (LDCs and NI€ift employment from low-skill to high-
skill industries, while changes in the within-inthysshares are a result of technological
changes. Since the bulk of the increased skillesshas occurred within industries, the
conclusion has been that international trade playeunor role in explaining the increased
relative demand for skills. Frofable 5it appears that Sweden is no exception in thisaets
even on the lowest level of industry aggregatiandbntribution of the between-industry

component is less than 20 percent.

However, trade may just as well affect the withdustry share. Theoretically, industries are
often assumed to be homogeneous with respecttior fiatensities. In practice, they are
composed of a wide range of activities, in whictafiand intermediate products are produced
with varying factor intensitiesLable 7shows the variation in skill shares among plarithiw

industries defined on the lowest level of industggregation in Swedish manufacturing.

Table7 Analysis of variance in skill shares among Swedmsinufacturing plants within
industries defined on the lowest level of industggregation

In the analysis of variance tirevalues indicate that there are significant differs in skill
shares between industries. Yet the variations arptargs within industries are substantial.

Between 60 and 70 percent of the total varianakilhshares are within industries, even
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though we observe a tendency towards decreasimgneas within industries. This means that
there has been, and still is, a great potentiaspecialization with respect to skill shares

within-industries.

One example of such specialization is outsourdmgnany firms different stages of
production are heterogeneous with respect to isikéhsity. Firms in developed countries may
then, in response to competition from low-wage ¢oes, move their low-skill intensive
production abroad. Modern production techniquesiammtovements in communication
technology have made it easier to split up the rfaturing process of production into
separate activities performed in different coustriBy moving the low-skill intensive part of
the production, for example assembly of componemntstseas, but continuing to carry out the
high-skill intensive activities themselves, a fioan take advantage of lower wages for the
less skilled. Once the low-skilled activities hdezn accomplished the goods are imported
back, either to be used as intermediate inputsldras finished goods. Hence, a reasonable
variable to proxy the impact of outsourcing on tékative demand for skills within an

industry is the change in imports from non-OECDrdoes as a share of consumption. Such a
variable captures more than just the effect ofmurtsng. Narrowly defined outsourcing takes
place within multinationals. Nevertheless, increasempetition from low-wage countries
also entails that domestic consumers and produeaysswitch from buying low-skill

intensive final or intermediate goods from domeptimducers to foreign suppliers in

countries like the LDCs and the NICs.

In our econometric analysis we use a similar apgr@e in Feenstra & Hanson (1996, 1997)

to analyze the effect of outsourcing on the re&tiemand for skills within industries. We

append the variabl&(M / C)Y°™ °F<P the average annual change in import competition
from non-OECD countries, to the regression modelpregiously estimated. Feenstra &
Hanson (1996) proxy outsourcing by the share ofbirgpfrom all countries (including

imports from advanced industrialized countriesy shipment plus import. There is no
reason, however, to expect that Swedish multinatgowould outsource low-skill activities to
other countries where less skilled labor is expener that increased competition from
nations with abundant supply of high-skill laborwieb severely affect the situation of the low-

skilled in SwedenTable 8presents the results from this analysis.
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Table 8 Effects of increased competition from the Soutlskifi upgrading in Swedish
manufacturing, 1970-93

In both specifications iffable 8we use the most disaggregated dataset (34 manufart

industries), which means that the variables based&D expenditures&In S and
(RD/ Y)9F°P) are replaced with the share of techniciaisCH2® In column (i), the

coefficient onA(M / C) Y™ 5P is positive and significarif.

An interesting hypothesis set out by Wood (1998h& most of the recent acceleration in the
growth rate of the relative demand for skilled lalsocaused by increased globalization. The
reasons are reduced policy barriers to internatimaasactions (less restrictions on trade and
foreign direct investment) and technical changssltimg in lower transport and
communication costs. Moreover, many less-devela@peatries have shifted development
strategies from import substitution to export proimm, and large countries, such as China

and India, and the former Soviet bloc countriesehia@come more outward oriented. A simple

test of the hypothesis is to allow the coefficientA(M / C) V™ °<P to vary between the two

NomOECDIh column (ii) is

periods. Contrary to Wood’s hypothesis the estimoaté(M / C)
only significant for the earlier period (1970-8Bjowever, it is not significantly different from

the coefficient in the later period (1986-93).

Figure 2 Partial association between change in skill shadechiange in non-OECD import
competition over the periods 1970-85 and 1986-93.

The partial association plot Figure 2 using the coefficients from column (ii), showatth
many of the results in Table 8 are driven by dewelent in the textile industry. The non-
OECD import competition has increased sharply xtiles over the whole period, while
employment has fallen precipitoudfFrom the plot we observe that the average relsize
of the textile industry is larger in the 1970-8%ipd (circle) than in the 1986-93 period

(square). Since our regressions are weightedpipadt of the textile industry is larger on the

Non- OECD -

estimate onA(M / C) in the 1970-85 period. Furthermore, the change®mOECD

import competition on industry level are more se@t over the latter period, which may give

rise to the less precise estimate we gef\OM / C) "™ °5P in the 1986-93 period; iRigure

2, the standard error (in parentheses) is largethi®i986-93 period.
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Evidently the results ifable 8give some support for a statistically significanpact of
increased import competition from the South onrtative demand for skills in Swedish
manufacturing industries. How important is thisseffeconomically? Feenstra & Hanson
(1996) detect considerable influences on skill adgrg of increased import competition in
US manufacturing using the same method we practidable 2 and Table 6 to evaluate the
contribution of different independent variables. ¥lestimate that the growth of imports
explains between 15 to 33 percent of the increasieel non-production (skilled) labor share

over the period 1979-87. Since the magnitude ottrgribution is determined by the

development of the non-OECD imports (together whth ¢oefficient onA(M / C) Vo™ ©FCP)

we begin our evaluation by demonstratingiigure 3 how the non-OECD import
competition progressed in Swedish manufacturing/éen 1970 and 1994. As a benchmark
we show the development of the non-OECD manufaaunports in the US and in OECD-

Europe (excluding Swedélover the same period.

Figure3 Non-OECD manufacturing import share of consumptin8weden, the US and
OECD-Europe 1970-94

In Figure 3,we observe that, in the beginning of the 1970 d@m has a larger non-OECD
import share than the US and OECD-Europe. One exjidanaay be that Sweden was more
free-trade oriented; the tariffs were lower thamiost other developed countris-lowever,
the non-OECD imports in Sweden have grown less ithdéime US, while the development in

Sweden is more in accordance with the developnme®ECD-Europe.

Not surprisingly, we find, iTable 8column (iv), that the contribution of increased orip
competition from the South on the relative demaorcskilled labor has been of minor
importance in comparison with physical capital awalation and technological change. Just
over 5 percent of the increase in skill sharegiglained” by intensified competition from
the South. The corresponding figures for physicpltahaccumulation and our technology

indicators are 30 percent and 35 percent.

3.4 Non-manufacturing employment and relative unemipyment rate of
skilled and less skilled labor

So far, we have, as in most other similar stud@sysed on variations across industries

within the manufacturing sector. However, increasethpetition from the South may involve
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contracting employment of less skilled in the maietifiring sector, resulting in excess supply
of less skilled labor. We would then expect to findreased employment of less skilled in the
non-manufacturing sector or, since the relativeavagtween skilled and less skilled has been

fairly constant (Table 4), higher unemployment @t®ng the less skilled.

Table 9 Employment of skilled and less skilled labor in gl manufacturing and non-
manufacturing 1986 and 1996

The development of manufacturing employment as eesbfatotal employment shows almost
the same pattern in Sweden as in OECD; in Swebershare has fallen from around 29
percent in 1970 to less than 19 percent 1898ince there seems to be a robust relationship
among the OECD countries between increased non-OE{Drts and falling employment in
manufacturind’* one would hypothesize that increased competitiomfthe South has
increased the skilled labor employment shares mmaitee more trade-exposed manufacturing
sector than in the non-manufacturing seétofet Table 9indicates that this does not appear
to be the case in Sweden. Certainly, over the gelfi86-96, the relative increase in skilled
labor employment and the relative decrease indkified labor employment are larger in
manufacturing, and also, the share of skilled layoployment has almost doubled in
manufacturing. However, the absolute increaseersttare of skilled labor employment is

less in manufacturing than in non-manufactufihg.

Figure4 Unemployment rates by skills in Sweden 1971-98

Finally, if we look at the unemployment rates billskin Figure 4 we notice that the
unemployment rate of the less skilled is higher seeims to be more responsive to business
cycles. Between 1975 and 1990 the unemploymenbfdtee skilled is more or less tied to 1
percent, whereas the unemployment rate of theskaed varies between 2 and 4 percent.
Over the period 1971-91, the Swedish unemploynegstis low in comparison with other
OECD countries, but the macroeconomic shock thaweden in the early 1990s pushed the
unemployment rates up to an average OECD [EVélve use the data in Figure 4 to calculate
the ratio of and the difference between the uneympémt rate® we find that, whereas the
ratio fluctuates around 2.6, the difference hasmmard sloping trené. The latter means that
the gap between the unemployment rates of theedkdlhd less skilled has widened over the
last 25 years. The pattern is comparable with mangr@ECD countried and indicates that

the position of the less skilled has deterioratedhe Swedish labor market.
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4.  Concluding remarks

We have observed a steady increase in the rateaoige towards higher skill shares in
Swedish manufacturing over the 35-year period betwi60-1995. Contrasting the
development over the periods 1970-85 and 1986ke3falling relative wages of skilled labor
during the period 1970-85 suggests that the raaipply of skilled labor grew faster than
the relative demand for skills. On the other hatidhtly rising relative wages over the more
recent period of 1986-93, together with increasee of skill upgrading, indicate acceleration
in the relative demand for skills in Swedish mawctdang. In accordance with this are the
findings that the degree of complementarity betwasswledge capital and skills appears to
have strengthened over time and that Sweden hasableeavy investor in R&D in the late
1980s and in the beginning of 1990s. Another falotrind acceleration in the relative
demand for skills may be the rapid diffusion of guter technology. Autor, Katz & Krueger
(1998) establish a strong positive relation betwammputer usage and skill upgrading and
according to SCB (1995) computer usage among theoged in Sweden has doubled
between 1984 and 1995.

Given the fact that Sweden is a small, open econeengre not surprised by the finding that
international technology spillovers affect the tiela demand for skills positively. We also
obtain some support for the belief that intensiftedhpetition from the South has increased
the relative demand for skilled labor. However, édezenomic impact appears to be small;
increased import competition from non-OECD cousstfiexplains” relatively little of the skill

upgrading. Furthermore, the textile industry playsucial role for the outcome

Lastly, we conclude that in most respects the Ssteexperiences are similar to many other
OECD countries. In particular, that applies to main result, i.e. that both technology and

trade matter for the deterioration of the lesda#tjlbut the former is more important.
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Appendix: Definitions and data sources

1. The panel of 19 manufacturing industries 1986-95

Until 1993 data were classified according to SNI&fler 1993 a new system of classification SNI9Zwa
introduced. It is possible to achieve concordarnaefairly high level of aggregation. Hansson (19§®es more
details about the concordance between SNI69 an8Z5NI

Variables

Wage incomes WEotal wage incomes for employees with post-seconeducation.
Source: SCB Regional Labor Statistics.

Wage incomes skilled labawS : Wage incomes for employees with post-secondangagibn.
Source: SCB Regional Labor Statistics.

Skilled labors’ share of the wage btV : PW =wS/w

Employment ENumber of employees. Source: SCB Regional Labatisics.

Technicians TEmployees with technical post-secondary educasouirce: SCB Regional Labor Statistics.
Share of technicianEECH TECH=T/E

Physical capital K* Stocks of fixed assets at replacement costsl I®Res. Source: SCB (1996a).
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Real outputy:* Value added, 1991 prices. Source: SCB (1997)2@8 (1995).

R&D intensity in Swedeand in OECD:(RD/ Y) *®**"and (RD/ ) °F<P

RD: Expenditure on R&D, current prices: Source: OEQB97)
Y: Value added, current prices: Source: OECD (1996)

Knowledge capital S

Import competition( M / C)

2.

S =(1-a)$a+ Ra
St : Knowledge capital (R&D) stock, industinat timet, 1991 prices
Rt : Expenditure on R&D, industryat timet, 1991 prices.

R&D expenditure are simply deflated by the maotufeing sector level value added deflator.
Source: OECD (1996) and OECD (1994).
Jg: Depreciation rate of knowledge (0.15)

Benchmark year 1976

All and(M /C) Non—OECD:

Import M Al and M Non=OECD. 1444 import and import from non-OECD countries.
Source: 1986-93 OECD (1998) and OECD (1996) &88#5 SCB Foreign Trade Statistics.

Export X Al Total export.
Source: 1986-93 OECD (1998) and OECD (1996) &88495 SCB Foreign Trade Statistics.
ProductionQ : Sales value.

Source: 1986-93 SOS Manufacturing various isanels1993-95 SCB Manufacturing.
Consumption €C = Q+ MAI - xAl

The 34 (19) manufacturing industries 1970-93

Variables

Employment ENumber of employees.

Source: 1970-85 SCB (1991) and 1986-93 SCB Reblairor Statistics.

Skilled labor E S: Employees with post-secondary education.

Source: 1970-85 SCB (1991) and 1986-93 SCB Reblairor Statistics.

Technicians T

1970-85: Employees with technical secondary educationafenthan two years or technical post-
secondary education. Source: SCB (1991)
1986-93: Employees with technical post-secondary educa8@B Regional Labor Statistics.

Physical capital K* Capital stock, 1980 prices.

Capital stock estimates are derived by the Peapétuentory Method (PIM). This implies that capita

formations are added to and capital assets withrdeae subtracted from an initial estimate of

the capital stock. We assume linear depreciatibich means that the gross capital stock at tiree
i-1

Ky = Kooi[1- (1 22)] + D 1o 1- (7 29)]

m=0

K;-j : Capital stock in the beginning of yetri, 1980 prices.

lt-m-1: Gross fixed capital formation year m—1, 1980 prices

a Average service life in manufactures.

Buildings 45 years and machinery 20 years (MeyeBchlochtern 1994).
Benchmark year 1970. SCB (1985)
Investment, constant prices. SCB (1987) and SCBgh)

Real output Yt Value added, 1980 prices. Source: SCB (1986)%08 (1995)
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The breakdown procedure of constant priced cagfitetks and value added on industries on lower lefvel
aggregation is the same as in the 19 industry pebeale.

R&D intensity in OECD(RD/ Y) %P (19 industries)

1970-85 Average 1973-84

1986-93 Average 1985-92

RD: Expenditure on R&D, current prices, US dollarugm: OECD (1997)
Y: Value added, current prices, US dollar: SourdeCO (1996)

Knowledge capital S: (19 industries)

S =(1-a) s+ R
St : Knowledge capital (R&D) stock, industiyat timet, 1980 prices
R : Expenditure on R&D, industriyat timet, 1980 prices.

R&D expenditure are simply deflated by the maotufang sector level value added deflator.
Source: OECD (1996), SCB (1995), SCB (1986), OKC#83) and SCB (1975).
Og: Depreciation rate of knowledge (0.15)

Benchmark year 1967

Import competition( M /C) A" and (M / ) No™ OECP

Import M Al and M Non=OECD: 1o import and import from non-OECD countries.
Source: SCB Foreign Trade Statistics

Export X Al Total export. Source: SCB Foreign Trade Stasstic
ProductionQ : Sales value. Source: SOS Manufacturing, variesises.

Consumption CC=Q+ M All_ x Al

* See also Hansson (1999)

Data sources

Meyer-zu-Schlochtern, F.J.M. (1994), An Internatib8ectoral Database for Fourteen OECD Countries
(Second Edition). Economics Department no 145, DE@ris.

OECD (1983), Science and technology indicatorsidBstatistical series. Volume D. Research and
development in the business sector 1963-1979.

OECD (1993))nternational Sectoral Database (ISDB)

OECD (1994)DSTI (STAN/ABERD Database), 1994

OECD (1996)DSTI (STAN Industrial Database), 1996

OECD (1997)DSTI(STAN/ANBERD Database), 1997

OECD (1998)DSTI(STAN/BTD) 1998

SCB (1975) Production and factor income 1950-198M N 1975:98.

SCB (1985) Capital formation and stocks of fixed capit&M N 1984: 5.5.

SCB (1986) Production and factor incomél 10 SM 8601.

SCB (1987)Capital formation N 10 SM 8601.

SCB (1991), Utbildning och produktivitet. En studie svensk industri under de senaste decennierna.

(Education and productivity. A study of the Swédisdustry over the last decadésformation om
arbetsmarknaden 1991 Statistics Sweden Orebro.
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SCB (1995) Production and employment 1980-198iétailed tables. N 10 SM 9501. Statistics Swe@zabro.
SCB (1996a)Stocks of fixed assets and national weati0 SM 9501. Statistics Sweden, Orebro.
SCB (1996b)Expenditure of GDPN 10 SM 9501. Statistics Sweden, Orebro.

SCB (1997)National accounts 1980-199B5110 SM 9601. Statistics Sweden, Orebro.

Tablel Correlation matrix: Technology indicators

Aln K AlnS (RD/ Y)Sweden TECH (RD/ Y)OECD
AlnK 1.000
Aln S 0.215 1.000
(RD/ Y) Sweden 0.318 0.495 1.000
TECH 0.355 0.359 0.805 1.000
(RD/ Y)OECD 0.564 0.325 0.687 0.715 1.000
Variable definition:
AInK 100x the change in the log of the physical capitallstoc
AlnS 100x the change in the log of the knowledge capitatisto
(RD/ Y)®"*%" 100x R&D expenditure as a share of value added in Swede
TECH 100x the share of employees with technical post-seagretiucation

(RD/Y)®EP 100x R&D expenditure as a share of value added in OESfuding Sweden

Notes:

The correlations are calculated on variables irptel of 19 manufacturing industries 1986-95.
OECD is 12 countries: Australia, Canada, DenmairdaRd, France, Germany (West), Italy, Japan, the
Netherlands, Norway, the United Kingdom and thetéthStates.

Table3 Physical and knowledge capital investments in ®wexthd OECD 1986-95

Country 1Y RD/Y AlInK Aln S
Sweden 15.65 8.78 1.91 5.80
OECD 14.81 6.72 4.09 4.77
Notes:

I /Y is the average gross fixed capital formation alaae of value added for the period 1985-94 R Y is
the average R&D expenditure as a share of valuedcaftt the period 1983-92In K and AIn € are the
average annual changes in physical and knowledg&athetween 1986-95. To calculate the physicdl an
knowledge capital stocks we use the methods destiibthe Appendix. We get the benchmark physiapltal
stockK in 1986 from OECD (1993) and investmehis constant prices from OECD (1996). OECD is 12
countries (see Table 1).

Table4 Skilled-based relative wages in Sweden, 1968-91

1968 | 1974| 1981 1984 1986 1988 1991

University/
Upper secondary| 1.80 | 1.33 | 1.23 | 122 | 1.27 | 1.24 | 131

Notes:
The relative wages are based on standardized vepgiens. University means 16 years of educatiahugper
secondary 12 years of education. The table is fi@mlund (1997).

Table5 Between- and within-industry decomposition of thanges in employment structure
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in Swedish manufacturing, 1970-96. Annualized ¢earin percentage points.

Number Total Between- Within-|  Contributioh o
Period of change industry| industry within-isthy

industries componernt componept component
1970-85 34 0.442 0.040 0.402 91.0 %
1986-93 34 0.916 0.111 0.805 88.0 %
1986-93 146 0.916 0.112 0.804 87.8 %
1990-96 275 0.765 0.132 0.633 82.7 %

Decomposition of changes in skill shares:
n n
APE =3 ASP+Y AFFS
i=1 i=1

P,E : share of the employees in industmyith post-secondary education
S : industryi’s share of total employment in manufacturing

ﬁE and § are period averages.

The first part (the between-industry componentfwags the effect of employment shifts between-itries The
second part (the within-industry component) measthre impact of changes in skill-intensities withidustries.

Table7 Analysis of variance in skill shares among Swedisimufacturing plants
within industries defined on the lowest level mdlustry aggregation

Variable F-value R2 Number of | Number of

plants industries

Skill share 1986 (SNI69 135.44 0.323 40898 146

Skill share 1990 (SNI69 140.09 0.336 39876 146

Skill share 1990 (SNI92 79.52 0.337| 41727 271

Skill share 1996 (SNI92 90.02 0.409 35330 274
Notes:

The total variancesSS, in skill shares on plant level is separated imto tomponents: the variance between
averages for industries defined on the lowest lefelggregation in SNI (Swedish Standard of Indalstr
Classification), S enweer @nd the variance within these industri€S,iinin , i-€. SSotal = S&etweert  SSRithin
To establish whether skill shares differ betweetustries we assume that the varigble F-distributed:

F = (SSetweend KD/ ( SSyithidf N )k wherek is the number of industries ahts the number of plants. A

measure of the between-industry variance of tted t@triance in skill shares B2 . A more complete
description of analysis of variance is given imgliad textbooks in Statistics, for example Mendéniéackerly
and Scheaffer (1990).

Table2 Wage-bill share equations based on a 19 manufagtindustry panel in Sweden 1986-95

0 (ii) (iii) (v) V)
Variables Regressiop Regression  Regression Mehre| Contribution
One-year One-yeal  Annualized
changes changes| three-ydar
changes
Dependent
APW 0.798
(0.96)
Independent
AlnY -0.005 0.001 0.020 2.213 53%
[-0.71] [0.10] [1.48] (9.57)
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Aln K 0.035 0.052 0.063 1.783 14.09
[2.35] [2.27] [2.00] (3.89)
Aln S 0.025 0.035 3.800 16.6 %
[2.06] [2.28] (5.14)
(RD/ Y) Sweden 0.015
[2.84]
(RD/ Y)OECD 0.026 0.010 5.552 7.0%
[1.71] [0.56] (5.53)
Time 8.70 8.89 14.70 571 %
Dummies /0.00/ /0.00/ /0.00/
R? 0.483 0.533 0.695
Observations 169 160 53
Notes:

All regressions and mean values are computed dverdustries for the period 1986-1993 and overmitRistries
for the period 1993-95 (see Appendix in HanssorD)l9®/e exclude the observations tRD/ Y)OECD in ISIC

3845 Aircraft. Due to the large amount of militaygvernment expenditure in ISIC 3845 there appebeto
problems to construct reasonable R&D figures, intipalar in the US and the UK, two large OECD coig#

that heavily ianuence(RD/ Y)OECD (Machin & Van Reenen 1998). We weigh regressiomksraeans values by

the average industry share of the manufacturingevidly The impact in total manufacturing is lardgeom large
manufacturing industries. Furthermore, the weighirecedure reduces the influence of noise in tha dae to
measurement errors particularly evident in smalustries (Berman, Bound & Griliches 1994). Squasekets
[ 1 give White’s heteroskedasticity-consistéstatistics and slashes / / the significance lef/éh@F-test. The
fourth column contains mean values and in pareathé} are standard deviations of the dependent and
independent variables. The fifth column shows thetribution of each of the independent variables in
specification (iii).
Variable definition:
APWY 100x the change in the skilled labors’

share in the wage bill
AlnY  100x the change in the log of real output
Other variables are defined in Table 1 and the Adpegives more details on the data

Table6 Employment share equations in Swedish manufagdr@y0-93

@ (ii) (iif) (iv)

Variables Regressiop Regressipn Mean value ribotibn
Annualized| Annualized
changes changes

1970-93 1970-93

Dependent
APE 0.595
(0.38)
Independent
AlnY 0.033 0.028 0.431 24 %
[2.30] [2.64] (3.21)

AInK 0.019 0.047 2.969 9.4 %
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[0.63] [2.83] (1.48)
AlnS -0.0003 6.497 -0.1%
1970-85 [-0.02] (2.74)
AlnSx 0.047 3.983 15.6 %
Dummy 1986-93 [2.62] (3.99)
TECH 0.031
[4.80]
(RD/ Y)OECD 0.023 4.491 17.7%
[2.34] (5.03)
Intercept 2.03%10° |-5.02x10* 17.0 %
1970-85 [2.42] [-0.61]
Dummy 2.50<10° | 5.44¢x107° 38.0%
1986-93 [2.84] [7.12]
R2 0.839 0.699
Observations 36 68
Industries 18 34

Notes:
We weigh the regressions and mean values by tlragevéndustry share of the manufacturing employm&sin

Table 2 we exclude the observations(tRD/ Y)OECD in ISIC 3845. Square brackets [ ] give White's

heteroskedasticity-consistenstatistics. The third column contains mean valugsia parentheses () are
standard deviations of the dependent and indepéndenbles. The fourth column shows the contritnutf
each of the independent variables in specificailon The contribution is calculated for the period dio#nt,
i.e. 0.047 forAInS 1986-93 and 4.58.0° for the intercept 1986-93.

Variable definition

APE 100x the change in the skilled labors’ share in thelegment

Other variables are defined in Table 1 and 2 aadifipendix give more details on the data.

Table8 Effects of increased competition from the Souttskifi upgrading in Swedish
manufacturing 1970-93.

(i) (ii) (iii) (v)
Variables Regression Regressipn  Mean val@ontribution
Annualized Annualized
changes changes
Dependent
APE 0.601
(0.39)
Independent
AlnY 0.032 0.032 0.218 12%
[3.11] [3.07] (3.53)
AlnK 0.057 0.057 3.181 30.2 %
[3.43] [3.41] (1.80)
TECH 0.029 0.030 7.298 35.2%
[4.95] [5.01] (5.57)




A(M / C)Nor-OECD 0.116 0.280 5.4 %
[1.97] (0.51)

A(M /C)NOH—OECD 0_178
1970-85 [3.13]

A(M /C)Non— OECD 0_093
1986-93 [1.41]
Intercept -9.13x10* |-1.04x107 -7.6%
1970-85 [-1.12] F1.25]
Intercept 4.25¢10°° 4.3%10° 35.4 %
1986-93 [4.72] [4.60]

R2 0.718 0.720
Observations 68 68
Industries 34
Notes:

25

We weigh the regressions and the mean values védrage industry share of the manufacturing ennpéoy.
Square brackets [ ] give White's heteroskedastioitysistent-statistics. The third column contains mean values
and in the parentheses () are standard deviaticihe dependent and independent variables. Théhfealumn
shows the contribution of each of the independarniables in specification (i).

Table9 Employment of skilled and less skilled labor ineglish manufacturing and non-manufacturing 1986

and 1996
Skilled labor Less skilled labor Skill share
Sector 1986] 1996 | n96-86 | 1986 | 1996 | A96-86 | 1986 | 1996 | N96-86
Thousands Percent Thousands Pergent Percent
Manufacturing 86 128 48.8 844 623 -26.2 9.2 17.0 7.8
Non-manufacturing] 679 933 37.4 2618 2090 -20.0 20.6 30.9 10.3

Source: SCB Regional Labor Statistics
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Figurel Partial association between change in skilleddasmge bill share and change in

knowledge capital
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Figure2 Partial association between change in skill saacechange in non-OECD

import competition over the periods 1970-85 an86t93
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Figure3 Non-OECD manufacturing import share in Sweden, tBeadd OECD-Europe
1970-94
Percent
Y
e
6 -
5 -

4 —— Sweden
—o—

3- USA

2 47=X= —X— OECD-

Europé

1_

O T T T T T T T T T T T T T T T T T T T T T T T T 1

1970 1973 1976 1979 1982 1985 1988 1991 1994

Source: OECD (1998)

Figure4 Unemployment rates by skill in Sweden 1971-98
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Endnotes

! See, for example, Berman, Bound & Griliches (1984}he US and Machin (1996) for the UK; Swedends
exception, which is shown in Hansson (1997) amgkution 3.2.

2 The outsourcing argument has been elaboratedxamdiged for the US in Feenstra & Hanson (1996, 1997

% For example, Autor, Katz & Krueger (1998) and Mach Van Reenen (1998).

* Among others, Autor, Katz & Krueger (1998), Beh& Jensen (1997), Hansson (1997) and Machin & Van
Reenen (1998).

® Surprisingly few studies have hitherto disaggredamports by country of origin, as far as we knmderton

& Brenton (1998), Desjonqueres, Machin & Van Ren@&97) and Machin & Van Reneen (1998).

® A complete derivation is given in, e.g. Berndt§19 Chapter 9.4.

" Katz & Murphy (1992) get a point estimateafon aggregate level around 1.4 using U.S. animal $eries
information on relative wages and quantities ofeg®- and high school equivalents. At the same titag make
the reservation that there is substantial unceytaoncerning the magnitude of Edin & Holmlund (1995)
obtain, in a similar study on Swedish data, amest ono of 2.9 between labor with upper secondary and
university education. According to Freeman (1988)ier estimates af tend to be between 0.5 and 2.5. Thus an
assumption ofo =1, which implies that3; =0, is possible, but probably too low.

8 The way our stocks of physical capital are consém (see Appendix) means that we will not capthieeffect
in full, rather a vintage approach would have beene appropriate.

® The de-skilling hypothesis originates from Mar86¥) and was revived by Braverman (1974). Bravetsnan
argument is essentially that capitalism has nobhged. He asserts that work is getting more frageteahd
monitored; there is a separation of conception fessrcution and the conceptual activities are canaesd on as
few workers as possible.

10 According to a study by the U.S. Bureau of LabiatiStics (1989) the mean lag for basic researgears to
be five years and two years for applied research.

1 An alternative, more elaborate, measure, suggéstébe & Helpman (1995), would be to constructémtp
weighted R&D intensities. The idea is that trada imechanism through which technological knowleidge
transmitted internationally. On the other handKaler (1997) has noted, technology diffusion neetibe
related to goods trade, for example, in reverséneegng or attending conferences where the stiatieecart
technology is demonstrated.

12 Another factor that may boost technological charigéncreased import competition. Some loose e
underpinning can be found in the literature on Keifncy, e.g. Leibenstein (1966) and Horn, Langi&hdgren
(1995). The basic idea is that managers, in pdatién oligopolistic industries, do not maximizeofits. One
reason may be that they prefer leisure before tpanibther is that they appreciate the power atisfaetion an
excess number of employees can afford. A rent-tbngeg disturbance, such as increased import cotiguet
implies, however, that managers take action, fangle, by eliminating excess labor or by introdgdebor-
saving techniques. Changes in the import sharerumption would capture this effect. However, réults in
Hansson (1999) suggest that imports from all pastde not affect the relative demand for skilled kevs.

13 The R&D intensityRD/Y and the relative growth in knowledge stafkn S need not be highly correlated on
industry level. After some manipulation of equat{8pwe can show thalAInS=(RD/ YJ( Y $-J. Since we

assume the depreciation rate of knowledg® be equal across industries, the relative aham¢he knowledge
stock Aln € is equal to the R&D intensity times the inversetaf knowledge-output ratio. Large knowledge-
output ratios characterize R&D intensive industridsis means thaf In S must not necessarily be high in R&D
intensive industries.

4 The Appendix in Hansson (1999) contains a pretientaf the included industries in the two datasets

15 Most likely such a division of labor into skilleahd less skilled is more appropriate than the afsd, but
criticized (e.g. Leamer 1994), non-production/pretéhn worker classification. Obviously, educational
attainment has its imperfections too: it does rgitare experience, it partially understates paaigdn in further
education and training, and there are variationtkeénquality of schooling over time and between
regions/countries. However, educational attainnsestns to be strongly correlated with occupationesandings,
and initial attainment is a good predictor of whegth person will participate in further educatiowl &raining.
Yet, with such a division into skilled and lessligki labor we miss a distinction which is very innf@mt within
manufacturing, namely between skilled and lesseskinanual workers; in Sweden, almost all manuakess
have less than 12 years of education.

16 Over the period 1970 to 1985, the Censuses of|Rtipu 1970 and 1985 are the only sources of data o
educational attainment of the Swedish populatisar1986 onwards, there is annual data on eduedtion
attainment and wage incomes of the employees inNYSRSCB Regional Labor Statistics.

" Machin & Van Reneen (1998) examine a panel of aBufacturing industries in seven OECD countries,
including Sweden, over the period 1970-90. The rheeteip is the same as ours but their dependeiaiblars
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different since they apply the non-production/pretthn worker definition of skill. They also exclutlee
transport industry (ISIC 384); in Sweden 1990, tthasport industry had 14.3 percent of the emplayrire
manufacturing.

18 \We have also experimented with the R&D intensigedt-2 andt-3 and like other studies, e.g. Machin
(1996), the precise dating is not important budpices very similar results. This is not surprigieging that
most of the variation in the R&D intensity is beemeindustries rather than over time. If we regteesR&D
intensity over the studied industries and timegakan industry and time dummies, we find thatfhealue of
the industry dummies is 59.27 (0.000), whereas-thralue of the time dummies is 1.27 (0.263), sigaifice
level within parentheses.

9 The number of full-time employees in R&D in Swed&91 was 28 961, i.e. 3.5 percent of those emdlaye
manufacturing.

%% As an alternative tgRD/ Y)

Seden\ve use the share of technicians of the employdideimeginning of each

period, TECH, and the coefficient is positive and strongly figant (Hansson 1999). This implies that the labor
demand is more skilled-biased in technology intemgidustries.

L |n this connection it can be appropriate with advof caution. In our econometric analysis we assthmat
investments in plants and machinery and R&D expareliare exogenous variables. Most economists would
argue that these variables respond to profit oppdits, i.e. they are endogenous variables. Tdobital
changes or increased globalization may affect eepagrofits so that investments in physical andledge
capital increase and at the same time give ris&itbupgrading. Then we will observe a correlattmtween
growth in physical and knowledge capital and higdtelt shares, but the correlation is not causad. Skiould
therefore be careful when we make causal interfioetaof the results.

%2 These computations simply involve taking the megihe independent variable in column (iv) multiply it
with its regression coefficient in column (iii) ateking that as a percentage of the mean of theragmt
variable.

2 |In Figure 1, the dependent variable equals the residuals &oegression on all independent variables in the
model in Table 2, columns (ii) and (iii), except faIn S. The regression line iI8B513+ 0.03¢ x Aln € and the t-
value of the slope coefficient is 1.76. Unlike auohs (ii) and (iii), we estimate the model on aningal nine-
year changes over the period 1986-95.

24 If we instead, in specification (jii), exclud®D/ Y)

0.040.

% See Figures 1 and 2 in Hansson (1999).

2 AlnK =(K/Y)(1/Y)-3 which means that even though the investment mtiather highA In K may be
low due to a high physical capital-output ratiadhe beginning of the period (cf. footnote 13).

%" See, for example, Mishel & Bernstein (1996) andofuKatz & Krueger (1998).

28 \We use the share with post-secondary educatiomoeé than three years to obtain a comparable measur
skills that includes the 1960s.

2 The annual average change in skill share wasfedeentage points between 1970-85, 0.66 betweeh-a98
and 0.78 between 1990-95. For more details seesdar(4999).

%0 Hansson & Lundberg (1995) Chapter 3.

31 They estimate the following modqh(\/\/u /Wg) = By + BT+ 3, In( L,/ Lg) . Their dependent variable is

OECD the coefficient omInK is 0.067 and om\In S

the university/upper secondary log wage differérmong male white-collar workers in mining, marattaing
and constructionL | Lg| is the number of labor force participants withvemsity (upper secondary) education

andT is a time trend.

%2 This is indicated in Table 5, and is even morelent if we examine statistically whether the anrawarage
rate of growth in skill shares within-industriesfelis between time periods. Hansson (1999) presentsts
showing that, in comparison with a reference peti®d0-86, the growth rate is significantly highethe later
period 1986-93 and significantly lower in the earfperiod 1960-70.

33 Also worthy of remark is the fact that, whereas tbefficient onAIn S in the 1970-85 period is insignificant,
it is positive and strongly significant in the 1988 period (0.047 [3.5#}value in square bracket).

* Machin & Van Reenen (1998) also obtain a postind significant coefficient ofRD/ Y)°=°°, while the
inclusion of the spillover variable drives the dagént on own R&D, in their study measured by BR&D
intensity in SwedeRD/ Y)>"***", to insignificance.

% The coefficient oMECH s larger in the recent period, 1986-93, but ytsignificantly different from the
estimate in the earlier period. A test for struatwifferences over time shows that we cannot tefec
hypothesis of equal coefficients over the two tpeeiods on the variables in specification (ii).
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% Hansson (1999) gives a detailed presentationeoéffects of increased Southern competition on skil
upgrading using all the different datasets.

3" The empirical support in other studies, using gpreach similar to ours, of the hypothesis thatéased
competition from the South has impaired the sitratf the less skilled is meager. Anderton & Brentb998)
examine the effects of increased Southern imparépation on the skill intensity (share of non-manuorkers)
in the UK textiles and non-electrical machinerytsex1970-83. They obtain a large positive impadektiles,
while the effect in non-electrical machinery is dera Desjonquers, Machin & Van Reenen (1997) estim
bivariate regressions between changes in skilhgities (share of non-production workers) and iases in
Southern import penetration in 16 manufacturingigtdes in ten developed countries between 1978r@0find
no association. It is noteworthy that if, in spieifion (i) Table 8 above, we exclude the technpliogicator,

TECH, the coefficient om( M /C) Nor-OECD g insignificant. Finally, in the study of Mach#hVan Reneen

(1998) on 15 manufacturing industries in seven OEGONtries, the relationship in Sweden betweereaszd
competition from the South and changes in skibsities (share of non-production workers) is positout
insignificant. In fact, they never get a positivelaignificant effect -- rather, in many cases,dbefficient has a
perverse negative sign.

%8 The difference between the coefficients are 0[a8%7], t-value in square bracket.

%9 By the textile industry we mean ISIC 32, i.e. ih@ustry contains textile, apparel, footwear aratHer.

Remarkably, the coefficient on( M /C) Non-OECD ;o insignificant if we exclude the textile industr

“%In textile (ISIC 32), the non-OECD import sharecohsumption increased from 6.5 percent in 19787td
percent in 1993, while the textile industry sharenanufacturing employment dropped from 9.8 perd®mo to
2.7 percent 1993. The corresponding figures foQBED (the same 12 OECD countries as in Tabled )esms
dramatic. The import share started out from a Idefreel, 2.5 percent in 1970, and increased to 20gpe in
1993, while the employment share fell from 15.1cpat 1970 to 10.6 percent 1993.

a1 OECD-Europe is Denmark, Finland, France, Germégst), Italy, the Netherlands, Norway and the Uhite
Kingdom.

2 See Lundberg (1976) Table 4.4.

“3In OECD the employment share fell from 28 perded®0 to 19 percent 1994. OECD is the same 12 desntr
asin Table 1.

“\Wood (1994) and Saeger (1997).

5 Due to increased relative supply of skilled latas a result of the expansion of higher educatienmay find
rising skill shares both in the manufacturing and-manufacturing sectors.

“® This is consistent with the result in Desjonquekdachin & van Reenen (1997). They find that evéthiw
narrowly defined non-trade (non-manufacturing) secthere is a shift towards increased skilledlabo
employment shares.

" The shock was a coincidence of, among othersshiginternational recession, a particularly shisgoin
real interest rates and a drastic fall in infladsdet prices, combined with an economic policyosf-n
accommodation. There was no expansion of domestiadd and the devaluation, at the end of 1992, was
resisted to the very last. Higher unemploymenhegrivate sector led to a substantial budget defic, to put
the budget on a sound basis, the government camespending cuts (and tax increases), whichrimteduced
employment in the public sector.

“8 Assume that a neutral adverse shock reduces emeftyin each skill group by x percent at giventieta
wages. The unemployment rates by skill will thecréase by an equal percentage. In a second roarel iy
be relative wage changes which push the unemplayeffatts from equality of percentage-point incesas
towards equiproportionate increases (Nickell & B&€ID6).

“9|f we regress the difference in unemployment ratea time trend over the whole period 1971-98 higio a
positive and highly significant coefficient on ttiee trend. If we instead exclude the very turbtifggriod in the
Swedish labor market, i.e. the late 1980s (the &heztonomy was overheated and the unemploymest rat
were extremely low) and the 1990s, we still gebsifive and clearly significant coefficient.

* Nickell & Bell (1996) and OECD (1997)



