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Abstract

Investigating the robustness of the skill-biased technical change hypothe-
sis, this analysis incorporates two novel features. First, effective labor is
modeled as the product of a quantity measure — number of employees with
a given level of education — and a quality index, depending on, i.a., demo-
graphic characteristics and fields-of-study. Second, low-skilled labor is more
disaggregated than in earlier studies. A fully specified structural model is
used, containing demand equations for four categories of labor, two types
of capital and intermediate goods. The empirical application covers 24 in-
dustries in the Swedish manufacturing sector 1985-1995. The skill-bias is
further corroborated: it is confirmed although the specification of effective

labor is supported. Substantial differences are, however, found among the
low-skilled.

JEL Classification: J23, 033, D21, J31, L60.

Keywords: Robustness Test, Labor Quality, Heterogeneous Low-Skilled,
Manufacturing Application.

*This work was carried out within the project ”New Job Skill Needs and the Low-Skilled”, for
which financial support from the EU Targeted Social and Economic Research (TSER) program
is gratefully acknowledged. Many thanks to Erika Ekstrom for excellent research assistance.
Constructive comments from Thomas Lindh and Stephen Nickel were very helpful in bringing
this analysis together. By raising an important point, Pir Hansson forced me to think twice
about it. Ulf Jakobsson, Assar Lindbeck, Stephen Machin and Paul Segerstrom also provided
helpful comments.

"Research Institute of Industrial Economics (IUI), Box 5501, SE — 114 85 Stockholm, Swe-
den, Fax: 446 - 8 - 661 79 69, Email: erikm@iui.se & Office of Labour Market Policy Eval-
uation (IFAU), Box 513, SE — 751 20 Uppsala, Sweden, Fax: +46 - 18 - 471 70 75, Email:
erik.mellander@ifau.uu.se.



1. Introduction

As documented by Nickell and Bell (1995), unemployment rates for unskilled
workers in the OECD have been increasing since the beginning of the 1980’s.
Arguing that the supply of lower educated workers has fallen, as a consequence
of the expansion of higher and further education, they attribute the increased
unemployment to a substantial decrease in demand.

Berman, Bound and Griliches (1994) consider two alternative explanations to
this development: skill-biased technical change increasing the relative demand
for skilled workers, and competition from the Third World.! To assess the rela-
tive importance of these two driving forces, they first decompose the changes in
the employment shares of low- and high-skilled workers into between- and within-
industry components. The former component is identified with international com-
petition while the latter is associated with skill-biased technical change. For U.S.
manufacturing, they find that within-industry changes, i.e. technical change, is
by far the most important component.

In a second step they derive a labor demand equation, explaining changes in
skilled workers’ share in total labor cost as a function of the relative wage for
non-skilled vs skilled workers, the capital /output ratio and a constant, measuring
the skill-bias in technical change. In the empirical implementation the relative
wage 1s excluded, in order to avoid endogeneity problems and a bias arising from

the definitional relationship between the dependent variable (i.e. skilled workers

IRecently, related explanations have been put forward by Lindbeck and Snower (1999) and
Dinopoulos and Segerstrom (1999). The former analysis considers the reorganization of work
within firms and fits with the skill-biased technical change explanation; changes in work orga-
nization can be viewed as the outcome of (disembodied) technical change. The latter study
relates to the trade explanation, but offers a North-North trade explanation rather than the

North-South explanations suggested in earlier analyses.



share in the wage bill) and the relative wage. The estimated skill-bias is positive
and significant, supporting the skill-bias hypothesis. Adding explicit indicators
of technical change — computer investments and R&D expenditures — they find
these also positively related to the skilled workers’ share in total wages.

These results are confirmed by Hansson (1996, 1998) and Machin (1996), who
apply the same framework to Swedish and U.K. data, respectively. Using similar
approaches and internationally comparable data for several countries, Machin and
Van Reenan (1998) and Berman, Bound, and Machin (1998) lend further support
to the skill-bias hypothesis. Indeed, the large similarities across countries observed
in the latter study have led the authors to launch the extended hypothesis that
skill biased technical change has been pervasive, i.e. that the same kinds of changes
have occurred in many countries simultaneously.

A drawback with a majority of these studies is that they use very crude labor
data: mostly only production versus non-production workers are considered, as
in, e.g., Berman et al. (1994). For the U.S. and the U.K., Machin, Ryan and Van
Reenan (1996) disaggregated employment into three educational categories: 1) at
most high school, ii) some college, and iii) college degree. Morrison and Siegel
(1997) disaggregate labor even further, by splitting the first group into "no high
school diploma” and ”high school diploma”. Still, even in these studies the most
low-skilled category of labor is large and, presumably, quite heterogenous.? Fur-
thermore, no account is taken of the fact that there are numerous other dimensions
to labor beside the level of education, such as, e.g., demographic characteristics.

Another somewhat unsatisfactory feature of the aforementioned analyses, with
the exception of the Morrison and Siegel (op.cit.) study, is that they attempt to

estimate demand functions — supposed to describe the relation between prices and

2That heterogeneity among the low-skilled might be of importance in analyses of labor de-
mand is indicated in a study on job competition by van Ours and Ridder (1995). They find
substantial differences in the results for workers with primary and secondary education, respec-

tively.



quantities — without using data on prices, i.e. wages. Certainly, the argument that
wages are endogenous should be taken seriously. However, the exclusion of the rel-
ative wage from the demand equation effectively amounts to use a constant as an
instrument. While a constant obviously fulfills one of the two basic requirements
of a valid instrument, namely that of being uncorrelated the equation’s residual,
it fails completely with respect to the other criterion, i.e. that it be highly corre-
lated with the variable it replaces. Morrison and Siegel (op.cit.) instead construct
instruments using lagged values of the arguments in the cost function from which
labor demand has been derived. While these instruments are guaranteed to do
worse with respect to the first requirement, they are also certain to do much better
with respect to the second requirement.?

Moreover, the Morrison and Siegel estimate a complete system of input de-
mand equations, 1.e. not just a labor demand function. This eliminates the above
mentioned problem with the definitional relationship between the dependent vari-
able and the relative wage in the single-equation context.

Despite the methodological differences, the results obtained by Morrison and
Siegel are not much different from the findings discussed above. Including exter-
nal indicators of technical change, trade, and outsourcing they find skill-biased
technical change to have strong negative impacts on the two least educated cat-
egories of labor and almost equally strong positive impacts on the demands for
workers with at least some college. Trade has similar, but much weaker effects.
Outsourcing does not seem to affect relative labor demands.

While the recent literature just considered emphasizes the importance of ex-
ternal factors in the explanation of relative labor demands, the earlier literature
stresses internal, endogenous, factors. In particular, a well-known motivation for
estimating labor demand by educational and/or skill categories originates from

the capital-skill complementarity hypothesis put forward by Griliches (1969). In

3Unfortunately, the results reported by Morrison and Siegel do not make it possible to judge

the validity of the instruments they use.



the stylized form of this hypothesis, the firm’s choice of capital affects relative
labor demands because capital and well educated (skilled) labor are complements
while capital and labor with little education (unskilled labor) are substitutes.
There is also a weaker version, according to which skilled labor and capital may
also be substitutes but weaker substitutes than capital and unskilled labor. Many
empirical tests support the capital-skill complementarity hypothesis.*

The basic notion underlying the capital-skill complementarity hypothesis can
easily be extended. For instance, it is of interest to analyze how demands for dif-
ferent categories of labor relate to the firm’s demand for intermediate goods. This
is so because at the firm level trade effects and outsourcing will manifest them-
selves in an increasing demand for intermediate goods. Whether this will decrease
or increase the demand for labor with a given skill level depends on whether this
labor category and intermediate goods are substitutes or complements.®

Finally, there are, of course, connections between external and internal factors.
For example, the effects of skill-biased technical change may be exacerbated if
high-skilled and low-skilled labor are substitutes.

The main contribution of this paper is to (further) investigate the robustness of
the skill-biased technical change hypothesis. To this end, the analysis incorporates
two novel features. First, a multi-dimensional specification of labor is developed

where effective labor is given by the product of a quantity measure of labor —

4Numerous studies have found capital-skill complementarity in the U.S.; see, e.g., Griliches
(1969), Fallon and Layard (1975), Morrison and Berndt (1981), and Bartel and Lichtenberg
(1987). In contrast, Berger (1983), Gyapong and Brempong (1988). See Hamermesh (1993)
for a review. Morrison and Siegel (1997) estimate capital and skilled labor to be substitutes.
Berman et al. (op.cit.) find complementarity with respect to the aggregate capital stock but
not, for equipment capital. With respect other countries, Machin and Van Reenan (1998) report

capital-skill complementarity for Denmark, Sweden, and the UK but not for Japan.
>The trade and utsourcing effects reported by Morrison and Siegel (1997) are external effects

and measure to what extent aggregate trade and outsourcing (at the 2-digit industrial level)
affect labor demands at the disaggregate (4-digit) level. That these effects are weak does not

preclude that trade and outsourcing as internal phenomena might be of importance.
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number of employees with a given level of education — and a quality index, which
depends on demographic characteristics, immigrant status, work hours, and fields-
of-study. The latter information makes it possible to account for the nature, as
well as the level, of education. Using the fact that effective labor can equivalently
be expressed in terms of ”quality-adjusted” wages, this specification is integrated
into a flexible cost function, representing the firm’s production technology. The
labor quality indexes make it possible to check whether previous estimates of
skill-biased technical change have picked up changes in other characteristics of
labor, as measured by the quality indexes. The second novel feature is to use a
very fine disaggregation of labor at the lower end of the educational spectrum.
In contrast to preceding studies, two categories of labor are distinguished whose
levels of education are below upper secondary school. This makes it possible to
investigate possible aggregation bias with respect to the low-skilled.

As a by-product of the specification of effective labor, improved instruments
for the possibly endogenously determined wages are derived. These instruments
include all of the information in the labor quality indexes and do so in a way that
is consistent with the ”quality-adjusted” wages.

Like in Morrison and Siegel (op.cit.) the analysis is based on a fully specified
structural model, similar to the one they use. The demands for four types of
labor, classified by educational levels, are modeled together with the demands for
capital and intermediate goods. Also, a distinction is made between short run
and long run effects by allowing for the fact that (part of) the capital stock may
be fixed in the short run.

The empirical application covers 24 industries in the Swedish manufacturing
sector, observed annually 1985-1995.°

The paper unfolds as follows. A brief general description of the data is given

in Section 2. In Section 3 the labor data are examined in more detail. The model

8Lack of data has hitherto hindered applications to other countries. A study based on data

for France is currently being undertaken, however.



is specified in Section 4, while Section 5 discusses its estimation. Results are

provided in Section 6 and conclusions in Section 7.

2. The data

The data set contains annual observation on 24 industries in the Swedish manu-
facturing sector 1985-1995. It has been constructed by merging Swedish National
Accounts (SNA) data with data from the Swedish Register of Employment (SRE).

The SNA provides industry data on gross output and four inputs — labor,
intermediate goods, and two types of capital; equipment and structures. The
SRE contains data on all employed individuals.” For these, there is information
about, 1.a., education, wage income, demographic characteristics, and industry.

The level of aggregation has been determined by the SNA; it is the most
disaggregate level for which complete production data are provided. The starting
point, 1985, equals the first year of the SRE. The endpoint is due to a major change
in the industrial classification used in the SNA. Under the old classification, there
are published data up to and including 1994 and estimates can be constructed for
1995 as well. Estimates for the period after 1995 would be unreliable, however.

In the merging of the SNA and SRE data sets, the aggregate labor data in the
SNA have been replaced by the more detailed information in the SRE. The labor
data will be further discussed in the following section.

The break-down of the manufacturing sector into the 24 industries is spelled
out in Table 1. Table 1 also provides the industry shares in total manufacturing
employment in 1991. The year 1991 is chosen for two reason: it is located ap-
proximately in the middle of the sample period and, following the SNA, it is the

base-year in the empirical analysis.

< Table 1: The industries considered and their shares in manufacturing employ-

"To be counted as employed the individuals have to satisfy a minimum earnings criterion,

the effect of which is to exclude individuals with very limited part-time employment.



ment in 1991 >

Volume measure for output and intermediate goods are given by expenditures
in 1991 year prices. Corresponding price indexes are obtained by dividing expen-
ditures in current prices by expenditures in 1991 year prices, yielding Paasche
price indexes with base-year 1991.

The capital stocks are from the SNA.®* The method used for their computation
is a variant of the perpetual inventory method which implies depreciation rates
that vary slightly over time. However, compared to the variation across industries
and types of capital (equipment and structures) the time variation is negligible.
The capital stocks can therefore be very closely approximated by means of the

following accumulation formula
Kije = (1 - gij) Kiji+ Lijia (2.1)

where Kj; is the capital stock of type 4, in industry j, at the beginning of period
t. The &;; is the time-average of the SNA depreciation rate for capital of type i in
industry j, over the period 1985-1995.” Finally, I;;; | denotes gross investments
in capital of type i in industry j during period ¢ — 1.
The rental price for capital can be written
e e
=P, |Te1+ 85 <Plij’t‘t71) - (<Plij7“1) — PIiLH)] (2.2)

Px.

if,t

Py

i,t—1

where Py, denotes the rental price for type ¢ capital, in industry j, at the

beginning of period ¢, Py, is the gross investment price index for period ¢ — 1,

i,t—1

7+ 118 a long-term interest rate measured at the very end of period ¢ — 1, and

8The SNA provides ”gross” capital stocks and “net” capital stocks. The net stocks are used

here. For these the rates of depreciation are consistently higher than for the gross stocks.

®The gij , vary between types of capital and across industries. The depreciation rates for
equipment range between 7.7 percent (in the Paper and Paperboard industry) and 21.4 percent
(in Electrical Machinery). For structures the smallest and largest rates are 3.7 percent (in Other

Wood Products) and 7.6 percent (in Textile, Apparel & Leather), respectively.
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(PIZ,],’ N til)e is the expected value of the investment price index for period ¢, given
information about this index up to period t—1. The difference (PIZ,],’ N tfl)e— PIH’ 1
measures the expected windfall profit (loss) that accrues to the owner of the capital
asset through an increase (decrease) in the renewal cost.'?

The P are obtained from the SNA. The interest rate r is measured by means

of the nominal rate on Swedish long-term industrial bonds. The expectational

variables (PIij N tfl)e are implemented by means of univariate Kalman filter.'!

3. A first look at employment by educational level

For each industry, labor is broken down by four successively higher levels of edu-
cation:

1 = Elementary school (compulsory shorter than 9 years).

2 =9 year compulsory school.

3 = Upper secondary school.

4 = Tertiary and postgraduate education.!?
This classification is clearly more disaggregated at the lower end of the educational

spectrum than at the upper end. Due to the small numbers of highly educated

employees in Swedish manufacturing an attempt to, e.g., separate individuals

19 As discussed in Harper, Berndt and Wood (1989), (2.2) is a discrete time approximation to

the more well-known continuous time formula Px = P [r + 6 — (8P;/9t) / P1].
' This filter amounts to modeling the investment price index by means of a transition equation

and a measurement equation. The former models the ”true” investment price index as a random
walk, incorporating a drift in the form of a quadratic deterministic time trend. The measurement

equation models the observed price index as the sum of the "true” index and a random error.
12These categories have been constructed from the Swedish Standard Classification of Edu-

cation (SUN). The following equalities define the categories in terms of the SUN codes, and
the corresponding UNESCO International Standard Classification of Education (ISCED) codes:
Level 1 = SUN 1 = ISCED 0 + ISCED 1, Level 2 = SUN 2 = ISCED 2; Level 3 = SUN 3 +
SUN 4 = ISCED 3; Level 4 = SUN 5 + SUN 6 + SUN 7 = ISCED 5 + ISCED 6 + ISCED 7.



holding at least a Bachelor’s degree from the category 4 employees would for many
industries result in numbers too small to admit meaningful statistical analyses.

Level 1 differs from the other levels because there is practically no inflow into
level 1 during the 1985-95 period. The 9 year compulsory school was succes-
sively introduced in the 1960s and from 1968 it became the minimum schooling
requirement in Sweden. The last students to finish their education in Sweden with
elementary school only were born in the early 50s. Thus, apart from immigrants
(and a small number of drop-outs from 9 year compulsory school) level 1 workers
were all well over 40 years old during the period studied.

In Diagram 1 the distribution over the four categories are illustrated for the
entire manufacturing sector (Industry 3000) as well as for two of the 24 industries
that we consider, namely the Printing and Publishing industry (Industry 3440)
and the Metal industry (Industry 3810). The former industry has been chosen
because it has undergone large changes in production methods and technology
during the 1985-95 period while the latter is an example of a more ”"mature”

industry where changes have been less dramatic.®

< Diagram 1: Employment by educational level, in absolute and relative terms,

for the whole manufacturing sector and two selected industries >

The charts to the left, showing employment in absolute terms, all reflect the
underlying business cycle; during the period the turning points were 1985 (trough),
1988 (peak), 1993 (trough), and 1994 (peak)

As can be seen from the upper left chart, workers with at most 9 years of
education (Level 1 + Level 2) accounted for a very large, albeit rapidly decreasing,
share of employment in the manufacturing sector. In 1985, they made up nearly
450000 individuals and accounted for almost 1/2 of employment. By 1995 their
numbers had shrunk dramatically to well below 250 000, corresponding to less

than 1/3 of employment. During the same period, the number of workers in the

13Tn the econometric analysis data for all of the 24 industries are used, of course.
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most well-educated category, i.e. Level 4, increased from about 85000 to almost
125000, which meant that their share in employment rose from 10 percent to over
15 percent. The development of relative employment is also illustrated in the
upper right chart. It is evident that employment in the Level 3 category and, in
particular, Level 4 has increased dramatically compared to Level 2, which is the
reference category in the diagram. At the same time, the relative employment
of Level 1 workers has decreased markedly. This decrease is to a large extent
explained by Level 1 individuals entering retirement; cf. above.

The variation across industries is illustrated in the middle and lower charts.
In Printing and Publishing (Industry 3440) Level 4 workers constitute a large and
rapidly increasing share of employment; their share rose from 12 percent in 1985
to 21 percent in 1995. Employment rose from around 8000 to about 12000, i.e.
by 50 %. Taken together, Level 1 and Level 2 workers reduced their share from 42
percent to 28 percent. From the middle right chart it can be seen that the ratio
between Level 4 and Level 2 workers almost tripled over the period.

In the Metal Products industry (Industry 3810), Level 1 and Level 2 workers
together made up more than 1/3 of the workforce even in 1995. The number of
Level 4 employees increased only very slightly. Nevertheless, they increased their
share from 5 to 9 percent, due to the declining number of low-educated workers.

For comparative purposes, the Berman et al. (1994) decomposition of changes
in employment shares into within- and between-industry changes is provided in
Appendix A. Just like in earlier studies, the between-industry changes are com-
pletely dominated by the within-industry changes.

The employment data are not adjusted for incidence of part-time work. This
is due to what is probably the only drawback with the SRE: there are no data
on work hours. In the empirical analysis, this shortcoming is taken into account
by allowing the labor quality indexes considered in Section 4.1 to depend on
industry level data on work hours. These data, from the Swedish Labor Force

Survey, provide information, by sex, about three classes of weekly work hours:
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0-19, 20-34, and 34— hours. The 1991 distributions are given in Table 2, which

also contains distributions over age, sex, immigrant status, and fields-of-study.

< Table 2: Distributions over demographic characteristics, fields-of-study, and
weekly work hours, by level of education, in 1991, for the whole manufacturing

sector and two selected industries. Shares in %. >

To save space, Table 2, like Diagram 1, only considers the entire manufactur-
ing sector (Industry 3000), and the Printing and Publishing (3440) and Metal
Products (3810) industries, and, moreover, only for 1991.

The table indicates that the age distributions vary substantially between dif-
ferent levels of education, but not so much across industries. Focusing, therefore,
on the manufacturing sector as a whole (Industry 3000), we note that:

— for level 1, almost 95 % of the individuals are at least 40 years old.

— for level 2, more than 70 % of the individuals are below 40.

— for level 3, the youngest individuals, aged 16-29, make up more than 1/3.

— for level 4, the majority of the individuals are 30-49 year old.

The huge differences between levels 1 and 2 are especially noteworthy, of course.

With respect to sex there are large differences, both across educational levels
and, in particular, between industries. For Printing and Publishing (3440) the
female share is at least 40 % and rising with education. In Metal Products (3810)
the female share is about 26 % at levels 1 and 2 and much lower at levels 3 and 4.

Immigrants constitute a minor share of the workforce, across all industries.
For the manufacturing sector as a whole, they make up about 5% of employment

at educational levels 1 and 3 with slightly higher proportions at levels 2 and 4.

"Due to data constraints, an individual is classified as an immigrant if he/she immigrated
to Sweden at most 17 years before the year of observation. Accordingly, those classified as
immigrants in Table 3 came to Sweden in 1974 or later. In a definitional sense, the immigrant
shares will thus be understated. However, the individual’s origin is not of primary interest in
the present context, but rather whether he/she can be considered to be reasonably assimilated

in the Swedish society. For this purpose, the ”moving window” definition is more appropriate.
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Concerning fields-of-study there are (non-degenerate) distributions only for
educational levels 3 and 4. For these, there are notable differences between the
Printing and Publishing (3440) and the Metal Products (3810) industries. In 3810
the totally dominating field-of-study is FoS3, i.e. essentially engineering. In 3440,
FoS2, covering various dimensions of business administration, is of almost equal
importance at educational level 3 and much more important at level 4.

As noted above, work hours are not available by level of education, only by
sex. The small differences in the work hour distributions across educational levels
that can be seen in Table 2 are thus due to differences in gender compositions. A
comparison of industries 3440 and 3810 indicates that sex may indeed be a very
important determinant of work hours: the considerably lower share of individuals
working full time in 3440 is mirrored by a much higher share of females.

Table 3 shows how the various worker characteristics in Table 2 have changed

between 1985 and 1995.

< Table 3: Changes in the shares corresponding to demographic characteristics,
fields-of-study, and work hours between 1985 and 1995, by level of education, in

% per annum, for the whole manufacturing sector and two selected industries >

Regarding the age structure, we see that for manufacturing as a whole the shares
of 16-29 year olds have decreased at each educational level, which implies that the
overall share of this age group in manufacturing employment must have decreased,
too. For 50-74 year olds the opposite development has taken place.

The changes in the gender structure have had the effect of increasing the female
representation at higher educational levels (levels 3 and 4) and decreasing it at
the lower levels. A similar development can be seen for immigrants.

With respect to fields-of-study, the share changes are not very large for man-
ufacturing as whole. However, in 3440 and 3810 substantial, and quite different,
changes have occurred at the highest level of education. Concerning work hours,

is clear that those working full time, i.e. at least 35 hours a week, have increased
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their shares, at all levels of education and across industries.

We now turn from labor quantities to labor costs. To compute these, payroll
tax rates for white-collar and blue-collar workers have been applied to the SRE
data.'® The blue-collar rates have been applied to Level 1 and Level 2 workers,
while the white-collar rates have been used for the Level 4 employees. With
respect to Level 3, the blue-collar rates have been applied to workers with at most
2 years of upper secondary education and the white-collar rates have been used
for those with 3 years of upper secondary education. This partition is motivated
by the fact that the majority of the 2 year programs involve vocational training
while the 3 year programs are more theoretically oriented.

From Diagram 2 it can be seen that the relative changes in employment shown
in Diagram 1 are mirrored by changes in relative labor costs in the opposite
direction. Thus, e.g., the employment increase for Level 4 labor, compared to
Level 2 labor, corresponds to falling labor costs for Level 4, relative to Level 2.
As can be inferred from the charts to the right, the relative decrease has been
quite substantial. For the manufacturing sector as a whole (Industry 3000) the
fall is almost 20 percent, for Printing and Publishing (3440) slightly less and in
Metal Products (3810) even more. The relative costs for Levels 3 and 1 have

decreased as well, but, except for industry 3440, less dramatically.

< Diagram 2: Average yearly labor costs by educational level, in absolute and

relative terms, for the whole manufacturing sector and two selected industries>

From a microeconomic perspective, the declining relative labor costs and the
increase in relative employment for high—skilled workers is very natural. This de-

velopment differs, however, from U.K. and U.S. experiences where the employment

5The payroll taxes are from Néringslivets Ekonomifakta, a private statistical agency, and
include both compulsory payroll taxes and non-compulsory payroll fees agreed upon in em-
ployer /union negotiations. During the sample period the rates varied between 37.00 % and

43.47 % for blue-collar workers and between 38.55 % and 46.57 % for white-collar workers.
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shares of the high-skilled have been constant or increasing in spite of successively
higher relative wages for high-skilled labor [Machin and Van Reenan (1998)].
Since the relative labor costs in Diagram 2 are simply based on average labor
costs by educational level, the decreasing relative wages might be reflecting differ-
ences in age distributions across levels and other compositional differences with
respect to, e.g., gender and immigrant /non-immigrant status. To check Diagram

3 has been constructed like Diagram 2 but for Swedish males aged 4049 only.'®

< Diagram 3: Average yearly labor costs by educational level, in absolute and
relative terms, for the whole manufacturing sector and two selected industries, for

Swedish males, aged 4049 >

For the manufacturing sector as a whole, the relative wage of level 4 workers
has decreased over time, even for Swedish 40-49 year old men. The decline is
smaller than in Diagram 2, however. Also, the charts for Printing and Publishing
(3440) and Metal Products (3810) indicate that there are large differences across
industries. In 3440, the relative wage of university educated workers has been
fairly constant while in 3810 it has decreased markedly.

For individuals with upper secondary school, the downward trending relative
wages 1in Diagram 2 have been replaced by constant relative wages in Diagram 3.

With respect to level 1 workers, average labor costs increase relative to the
higher Level 2 education, which is in contrast to Diagram 2. Inspection of Table
4 indicates, however, that this apparent anomaly can be explained by differences
in (average) work experience. At Level 2, the number of individuals aged 40-49
has been increasing rapidly, while the opposite is true for Level 1. Accordingly,
at Level 1 the mean age of the 40-49 year olds is likely be closer to 49 than to 40.
At Level 2, by contrast, the mean age is probably close to 40.

L8 Of course, due to differences in length of education, individuals in the 40-49 age interval can
differ markedly with respect to work experience. In contrast to younger individuals, all workers

aged 40 or above should have at least some work experience, however.
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The comparison of Diagrams 2 and 3 show the importance of labor dimensions

beside the level of education. A simple way to account for these is considered next.

4. The model

To avoid excessive notation, the model discussion will be carried out in terms of
a single firm, at a single point in time.
4.1. The specification of effective labor input

For simplicity, assume that, at a given level of education, the number of employees
is multiplicatively separable from the other properties of the workers.!” '* Let N;
be the number of employees with educational level i and B; an index controlling

for the characteristics in Table 2. The measure L; of effective labor is
Li :Nz X Bi; 1= 1,2,3,4. (41>

Clearly, (4.1) specializes to a purely quantitative measure of labor when B; = 1.1

To derive the price of effective labor, Py, consider labor costs:

where Py, is defined as total labor costs for labor category 4, divided by the

number of employees in this category. From (4.2) it follows that the price of

I"For a discussion of the notion of separability, cf. Blackorby, Primont and Russell (1978).
18 Alternatively, labor can be disaggregated by both level of education and other dimensions;

see Berger (1983) for a simple example. The problem with this approach is that the number
of labor categories soon becomes very large. For instance, our four levels of education and the

characteristics in Table 2 would yield 1728 categories of labor.
L9 A specification similar to (4.1) was used by Morrison and Berndt (1981) who multiplied work

hours by an exogenously determined index of educational attainment, to account for quality
changes over time. In Kazamaki Ottersten, Lindh, and Mellander (1999) a labor quality index

is instead estimated and this approach will be taken here, too.
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effective labor, Py, can be written
P, =Py,B;",  i=1,234. (4.3)

Thus, the adjustment by B; affects the volume and the price of efficient labor
inversely: if the correction amounts to a quantity increase, it will have a corre-
sponding decreasing effect on the price of effective labor.

The B; are modeled by means of the distributions in Table 2. The underlying
idea is best conveyed by means of a simple example. Assume that the only distri-
bution considered is the workers’ age distribution. Denote the shares of the four
age categories by H;y, H;o, H;3, H;4. If the contributions to effective labor from the

different age groups exactly matches the corresponding number of workers then

This is the standard assumption. To account for possible differences across age

groups with respect to their contributions to effective labor, we can specify that

Since the contribution to effective labor from a given age group can be both
larger and smaller than the corresponding share the 0;,, k = 1,2,3,4, can be
either positive or negative. They should, however, normally be larger than —1, to
ascertain that the contributions from all age groups are positive.

As the shares are linearly dependent, it necessary to impose one constraint on
the 0;; . For this purpose, we normalize the effect of the age distribution to unity

in the base—year (i.e. in 1991) so that
Bio = (14 0:) Hio + (1 +6i2) Hiso + (1 + 0;3) Hizo + (1 4 0:4) Huo =1, (4.6)

where subindex 0 denotes base-year values. Solving for, e.g., 8;ywe get

0., — 1— Y0 (14 0a) Hiro
4 =
Hiao

~ 1 (4.7)
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The normalization means that labor quality is measured relative to the base—year.
This is a more realistic ambition than to try to determine the level of effective
labor. Given the normalization, the NV, are implicitly expressed in terms of workers
with the base-year age distribution.

In the general case, with many characteristics, there are two additional prob-
lems. The first is how to weigh different distributions together. The second relates
to substitutability: to what extent are, e.g., gender and age characteristics inter-
changeable? A simple way to address these issues is to specify B; as a CES
aggregator function. Denote different distributions by subindex j, j =1,2,...., J;
and the number of categories associated with the jth distribution by Kj,.?° Then

_1

Ji Kj, P Pi
7j=1 k=1

where the v;; are the weights attached to the different distributions; Z;-]izl vi; = 1,
and p; is the substitution parameter. The elasticity of substitution, ;, between
different characteristics in the quality index is given by

1
14y,

(p; > —1). (49)

g;

A reasonable conjecture would be that 0 < 0; < 1, i.e. there are some possibilities

of substitution but that these are rather limited. This implies that 0 < p, < oo.
It should be noted that in addition to the parameters, the 0,;,, v;;, and p;,

the L; and the P, are unknown as well. To estimate these, the specification of

effective labor has to be integrated into a representation of the firm’s technology.

20The number of characteristics accounted for by the B; differ by level of education. As fields-
of-study distributions are available only for the two highest levels of education, J; = J> = 4 and
J3 = Jqy = 5. Moreover, with respect to fields-of-study, the number of shares also differ between
these two levels of education; as seen in Table 2 the fields-of-study distribution contains four
categories at educational level 3 and three categories at level 4. Thus, letting field-of-study be

the fourth characteristic so that j = 4 we have K43 =4 and Ky = 3.
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4.2. Representing the production technology

The restricted Generalized Leontief (GL) cost function suggested by Morrison
(1988), is a flexible, second order, representation of the production technology.
Like, e.g., the translog cost function it allows some inputs to be substitutes and
others to be complements, in accordance with the capital-skill complementarity
hypothesis. It also allows quasi—fixed inputs, which are the source of the dis-
tinction between short-run and long-run effects. Unlike the translog, Morrison’s
function provides analytical solutions for the long run, equilibrium, values of the
quasi-fixed inputs, making it.easy to compare short-run and long-run effects.

Six variable inputs are considered: the four categories of labor, Ly, Lo, L3,
and L4, equipment capital, F, and intermediate goods, M. Structure capital, S,
is treated as quasi-fixed, i.e. fixed in the short run, which is here one year.

Variable costs are determined by the level of output, Y, the prices of the
variable inputs, P;, structure capital, S, and a time index, ¢, representing the
state of the technology. Given long-run constant returns to scale, the variable

cost function, V', can be written:

VO = VST asPi P 4 s SR (5)
(4.10)

N

+ 25 bis (%) } 1,J = Ln, Ly, Ly, Ly, B, M,

where

The main difference between (4.10) and Morrison’s (1988) long run constant re-
turns to scale specification lies in the specification of technical change, where

Parks’ (1971) more easily interpretable formulation (4.11) has been used.?!

2L Another difference relative to Morrison’s specification is that the interaction effects between
technical change and short-run returns to scale are disregarded. This is to lessen the well-known

problem of separating technical change and return to scale effects.
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Using a time index might seem a crude way to capture technical change. How-
ever, problems are associated with using, e.g., measures information technology
(IT) use or R&D expenditures is . First, by construction, such specific indicators
only consider certain aspects of technical change. IT and R&D variables can-
not capture the effects of changes in work organization, which may be important
skill-biased technical changes; cf. Lindbeck and Snower (1999). Second, there are
econometric problems. Implicitly, it is assumed that employment of I'T' and spend-
ings on R&D are exogenously determined. However, computers are part of the
(equipment) capital stock, which is endogenous, and R&D outlays are dominated
by wages to high-skilled workers, the demand for which is endogenous, too.?”

Deviations from constant returns to scale are allowed in the short run, as a
consequence of non-optimal levels of the quasi-fixed input. That is to say, non—
constant returns to scale are not taken to be an intrinsic feature of the technology
but arise through the constraints facing the firm in the form of quasi-fixed inputs.

To be a proper representation of an underlying production technology (4.10)
must be increasing and concave in the P; and decreasing and convex in S.

The short run demand equations for the variable inputs can be derived from
VC by application of Shephard’s lemma to (4.10) and subsequent application of
the equalities (4.11), (4.1), and (4.3). For labor this yields

1 1
Py, B71\ 2 2
Ny -1 Ni &5 Pr
Y - BZ * lALiO + )\Litt + Z];&Z aLiLj <PNBI> + OéLiE <PN»B»1
2 k2 7 k2

(4.12)

+ oy (mf“ég)é +7ss (£) + 615 (g)%] , i=1,2,3,4,

These labor demand equations imply that the quantities of labor with base-year
characteristics, the N;, are endogenously determined, while deviations in labor

characteristics relative to the base-year, the B; are treated as predetermined.

22 Accordingly, if one is interested in the effects of IT specifically the appropriate way is to
break down the equipment capital stock into computers and non-computer equipment. Likewise,

R&D workers should preferably be separated from other (high-skilled) workers.
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The demand equations for equipment capital and intermediate goods are:

1
-1\ 3 1
% = Ago+ At + Z?:l QL E <%> + apm (%) ’ (4.13)
s 5\7
+ Vg9 (?) + 6ES (?) )
-1\ 7 1
% = Amo+ At +SF anm <Q}DMB—1> + agym (%) ’ (4.14)

1
+ Vss (%) +6ms (%) ’.

Finally, assuming perfect competition on the output market we can append

an equation for the shadow value of the quasi—fixed input to the above system.

The shadow value, Z is given by the partial derivative —0VC/dS. Thus

Zs = —ss (Z?:1PNiBZI+PE+PM)
(4.15)

1
- % (%) ’ (Zﬁzl 8:sPn,B; ' + 6psPr + 5MSPM) .
Under perfect competition, after payments to all variable inputs have been made,
returns to the firm can be attributed to the fixed input. In this case, the shadow
value can be made operational by means of the ex post return to S, i.e.

Y — PNy — PyyNo — PyyN3 — PNy — Prbl — Py M
B S

Zs (4.16)

where Py is the price of output.

The long—run cost function can be derived from the short run total costs
TC =V(C+ FsS, (4.17)

where Ps is the rental price for structures, by recognition of the fact that in
equilibrium the quasi—fixed factor must be employed at its optimal level. By the

envelope theorem, the optimal level, S*, is obtained by minimizing (4.10) with
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respect to S. The first-order condition requires that the shadow price Zg be equal

to the market price Ps. Using this condition, we can solve for S from (4.15):

_% (Z?:l 6iSPNiB;1 + (SESPE + (SMSPM)}2
{PS +Yss (Z?:l PNiB;1 + Py + PM)]Q

S*=S*(Y,P)=Y - | (4.18)

The long—run cost function, T'C*, is given by (4.17), evaluated at S = S*, iL.e.
TC"=VC* + PsS™. (4.19)

Similarly, evaluating (4.12)—(4.14) at S = S* yields long-run input demands.

4.3. Labor demands, demand elasticities, and skill biases

The empirical analysis generates two kinds of labor demand estimates: the number
of employees and the volumes of effective labor. For both of these, short-run and
long-run estimates are obtained, yielding four different demand estimates for each

level of education, i.e. 16 estimates altogether.?® To simplify the notation, define

1 1
Pv.B'\ 2 2

SR — o i 74 Pg
Xi™ = Ao+ Anet + X an <pN—Bf> T OLE <pN—Bf>

(4.20)
1 1
2 5 .
+ QM <PNP—g1’> + Vss (%) + 6LiS (%) ’ , 1= 17 27 3747
where superindex SR denotes Short Run. The long run, equilibrium, variable is

XL = XZSR‘
5=5

L, 1=1,234. (4.21)
Using (4.20) and (4.21), labor demand in number of employees can be written

NPE=Y.B Y. XPR =51, i=1,234, (4.22)
and the demands expressed in terms of efficient labor are given by

L=y . XPR ®=51L i=1234 (4.23)

23These 16 estimates refer to a given industry, at a given point in time. Different estimates

are generated for each of the 24 industries and for each year.
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The demand measures (4.22) are especially interesting, because they can be
used to evaluate the effects of changes in, e.g., demographic characteristics or
fields-of-study distributions on the number of individuals demanded. The evalua-
tion of such changes is not entirely straightforward, however, because they involve
changes in distributions. For example, a marginal change in the share of one age
group will involve changes in the shares for the other groups, too. Moreover, if
the number of individuals in one group changes, ceteris partbus, this involves a
change in the size of the population, of the same magnitude. In the present con-
text it is important to separate changes in the size of the population, which are
endogenously determined, from changes in the population’s composition, which
are predetermined. The problem is considered in detail in Appendix B. Here, a
shorthand notation is used where

0B;
OH=

17k

7

N-‘PR> ., ®=5L (4.24)

denotes the effect on B; of a marginal change in the jth distribution, represented
by the shares Hyj, k =1, ...., Kj,, at a given number of employees, NP,
The short run relative effect of a marginal change in the jth distribution on

the number demanded with educational level 7 can be written:

SR
oN; ( 0B NSR> L~ B (1—evaN)( OB N-SR> (4.25)
(2 (2 A (2 °
where efffNi is the short run own-price elasticity of V;, i.e
SR ONFE P, SR
CNiNi T aPn, NFE T CLiLs
4 PNhB;ZI 3 Py 3 Pas (426>
Zhﬁ ar,L, P B, T arL,E W ar; M BT
- 2X5F + 2 X8 + 2.X5F

Since B; should be positive and exf, should be negative* it follows that

35, ( T _> : ] | [( T _ﬂ
L NFE = —sign || =——| N E]. 4.27
oB; \ 0H- NFE M, (4.27)

17k

sign [

24Negative own-price elasticities are necessary for the cost function to be concave in prices.
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Long run effects are obtained as

ONEE (0B, |—=\ 1 0OB; |—=
! | NLE = —B;1(1—elR | NI 4.28
0B; (aHi—jk ' ) NEE g ( eNiNi) (GHZ-—jk ' )’ ( )
The long run own-price elasticity is given by
GJLV?NZ» = e]%/?Ni + TIJLV?S* : egﬁNi (4.29)
where )
* S 1 S )2
nkR. = ON[E S _ Tss (Y) +30Ls (Y) (4.30)
NSt hge NPT XiR |
and
0S5* PNi _ 6LiS 2’)/
the " and GG in (4.31) being defined according to
F = —% <6L15PN1BII+6LQSPN2B51+(SLSSPN3B??1+(SL45PN4B;1 (432>

+ 6psPr + 6msPs),
and

G = Ps+7vgs (Pv,Bi ' + Py By '+ Pry By '+ P, By + Pe + Pu) . (4.33)

With respect to changes in relative prices, cross-price elasticities of demand

are of interest, too. The short run price elasticity of N; with respect to Py, is

« <P N By, 1>%
ON,; P 1% Liln \ Py BT
SR __ 4 N SR N; Dy
NNy = OPx, N: Liln T 5 X5R ‘ (4.34)

If ay,z, and, hence, ef,ho, is positive (negative) if level 7 and level h labor are

substitutes (complements). The long run cross—price elasticity is

LR _ _SR LR LR
eN,N, = ENyN, T TIN5+ €5+, (4-35>

where e}%?Nh and n}l%. are given by (4.34) and (4.30), respectively, and egf}vh can

be obtained from (4.31) by substituting h for i.
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To compute the skill biases in technical change, we first need the rates of cost

diminution induced by technical change. These are defined according to

ove 1
SR — T~ ~__ 4.
o ot vQC (4.36)

and

iR _ orCc* 1
© ot TC*

in the short run and long run respectively.” Secondly, we need the changes in the

(4.37)

demand for the various categories of labor, induced by technical change:

T

OLP™ 1 ONPE 1 ALt
OR 7 o i - ; B .
' ot LPR Ot NPE  XPR’ ®=5,L, i=1,234 (438)

Thus, the estimate of Ar,; indicates whether technical change has increased or

decreased the demand for labor in category i. The skill biases (SB) are
SBt=7PE 28 =91 i=1234. (4.39)

A negative skill bias means that technical change decreases the demand for level
i labor at a faster rate than it saves on costs. FEquivalently, technical change
reduces the demand for type i labor more than it reduces the demand for all
inputs, weighted by their respective cost shares. A positive bias implies that
technical change increases demand relative to a cost-share weighted average of all

inputs. Note that the bias may be positive even if 7% < 0.

25The negatives of (4.36) and (4.37) are the short run and long run dual rates of technical
change, respectively. These are closely related to the short and long run rates of growth in total
factor productivity, (T'F P). Indeed, due to the assumption of long run returns to scale, the long
run rate of growth in TF P is equal to (4.37). The short run rate of growth in TF P is obtained
by multiplying (4.36) with the dual rate of return to scale, given by the inverse of the elasticity
of variable cost with respect to output, i.e. [(8VC/3Y) (Y/VC’)]fl. On these equalities, see
Ohta (1975).
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5. The estimation procedure

While the theoretical model concerns a single firm, the application will be to aggre-
gates of firms, belonging to different industries. Due to the assumption of long-run
constant returns to scale, this is not a problem with respect to aggregation condi-
tions. Still, it would be overly restrictive to impose a common technology across
industries. Industry-specific characteristics will thus be allowed.

The estimation of the model raises two problems. First, the analysis is partial
in nature, in that only the demand side is modeled. This makes the occurrence
of endogeneity problems highly likely. In particular, the model’s assumption of
exogenously given input prices and level of output can be questioned. Second,
the model contains a large number of parameters — about 250 — and is strongly
non-linear in the parameters, due to the specification of effective labor.

A two-stage approach that takes care of both of these problems is suggested. In
the first step, instruments are constructed and, simultaneously, the labor quality
indexes are estimated. In this way, we exploit the fact that the labor character-
istics in Table 2 are useful instrumental variables and, moreover, obtain second

stage input demand equations that are linear in the parameters.

5.1. Estimation of instruments and quality indexes

Instruments are constructed for output and all variable input prices, except the
price for equipment capital. By construction, the capital prices only incorporate
historical information, cf. (2.2), and can thus be treated as predetermined.”®
Explanatory variables in the instrument equations are t, S, Pg, once-lagged
values of the Py,, Py and Y, and the variables used to model the B; indexes.

The latter variables could, in principle, be included linearly in the regressions.

26 Regarding output, most Swedish manufacturing firms compete in world markets for (rela-
tively) homogenous goods, where output prices can be taken as exogenously given. The firm’s

output choice must thus concern the volume of output which, hence, becomes endogenous.
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However, to ascertain that the equality (4.3) holds, the wage instruments are first
specified in terms of effective labor costs, the Py, and then respecified in terms

of the observed labor costs, the Py, . We thus start with the following system:

1
[
P, ] S
Pr, P
P _q | PRy (5.1)
Py, L(P,)
P L(PL)
R L(P,)
L (Pu)
| L(Y) ]

where A is a 6 X 10 matrix of coefficients, L is the lag operator, and uisa 6 x 1

vector of residuals. By means of (4.3), we can rewrite (5.1) according to

1
t
Py, | [ Bian || s | By |
Py, Bsay, Py Bous
Py _ Bsas, L (PNl/Bl) n Baus (5‘2>
Py, Biay,e L (Pn,/Bs) Bauy
Py Ase L (Pn,/Bs) Us
Y] | A | L (Pn,/By) | U |
L(Py)
L)

where the B; are given by (4.8) and a;, denotes the kth row of the matrix A. In

contrast to (5.1) this system is expressed in terms of observable variables only.
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The substitution of Py, B; ' for Pp, i = 1,2,3,4, imposes cross-equation con-
straints on the system (5.2), through the B;. To take these into account, the esti-
mation is carried out by means of full information maximum likelihood (FIML),
under the assumption that the disturbances are joint normally distributed.?”

To ascertain that the B; indexes are equal to unity in the base-year, constraints
like (4.7) are imposed on the parameters of each of the distributions included in
the indexes. This involves a choice of the share whose parameter is to be solved
for. For a given distribution, the share has been chosen so as to minimize the
multicollinearity among the remaining shares.?®

The parameters of the B; indexes are allowed to vary with across educational
levels, with one exception, the distributions over work hours. The reason is that
the only variation in these distributions between levels of education come from
differences in gender composition; cf. Section 3.

Two constraints have also been imposed on the general form (4.8) of the B;,

in order to facilitate the estimation and the interpretation of the results. First,

for a given B;, the included distributions have all been given the same weight, i.e.

1
Ti

% = 0.2 while, for By and By, vq; = vy = i = 0.25 because the fields-of-study

Vij = j=1..,J; i=1234 Accordingly, for By and By, vs; = v4; =
distributions for educational levels 1 and 2 are degenerate; cf. Table 2. Second,
the elasticity of substitution between different characteristics has been set equal

across educational levels, i.e. p, =p, 7 =1,2,3 4, and p has been estimated by

2"The transformation of the system (5.1) into (5.2) also makes the residuals in the latter
system heteroscedastic. The heteroscedasticity will, however, be disregarded, as it does not
affect the consistency of the estimates, but only their efficiency.

281n practice, for a n-category distribution there are (nﬁ 1) X (Z:;) possible regression where
one of n shares can be regressed on n—2 of the other shares. For instance, for the age distributions
there are (g) X (3) = 12 possible regressions where one share can be regressed on two other shares.
Given these regressions we have applied a minimax criterion (minimize the maximal R? among

the other shares) to determine the share whose parameter is to be constrained.
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means of a grid search procedure.?

Given these constraints, the system (5.2) contains altogether 87 parameters.
The number of degrees of freedom available for their estimation is given by: #

equations X # industries X # years, i.e. 6 X 24 x 10 = 1440.

5.2. Estimation of the cost function

To obtain the cost function’s parameters, the instruments (i.e. the predicted
values) me 1 =1,...,4, ]3M, and Y are substituted in the equations (4.12)—
(4.15), together with the estimated B; indexes.

The parameters Ar,0, ¢ = 1,2,3,4, Ago, and Ay are allowed to vary across
industries, to capture industry-specific fixed effects. The shadow price equation
contains no industry-specific parameters. However, it has been necessary to in-
clude an a priori intercept in this equation.?® This is so because the ex post return
(4.16) used for the shadow price is sometimes negative, which is inconsistent with
the underlying theory. Presumably, this is due to the costs for intermediate goods
being overestimated in the national accounts.?’ Assuming that this error only has
a level effect on the shadow price we impose a negative intercept (equal to —0.03)
that has the effect of making the predicted shadow prices positive.

Including dummy variables in labor demand equations to adjust for reclassifi-
cations that have taken place in the labor statistics during the period (in 1989 and
1990), the seven equation system contains about 180 parameters to estimate. The
available degrees of freedom, computed in analogy with the previous subsection,
are equal to 7 X 24 x 10 = 1680. The estimation is carried out using FIML,

assuming the residuals to be joint normally distributed.

29This amounts to carrying out the estimation of the system (5.2) with p set to different values

and choosing the value at which the likelihood for the entire system is maximized.
30Note that, as specified in (4.15) the shadow price equation contains no intercept.

31 Discussions with Statistics Sweden support this conjecture.
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6. Results

6.1. Parameter estimates and goodness-of-fit measures

The results from the estimation of the system (5.2) are provided in Tables 4a—b.

< Table 4a: Results for the instruments regressions; the coefficients of the A
matrix >
< Table 4b: Results for the instruments regressions; the coefficients of the B;

indexes >

With respect to Table 4a, two things can be noted. First, the goodness-of-fit,
as measured by Haessel’s 22, is very high, implying that the instruments fulfill
the requirement that they be highly correlated with the variables they are to

32 Secondly, the table also gives some indication about the validity of

replace.
using lagged variables as instruments. For a given equation, a coefficient of the
lagged endogenous variable close to unity signals a high degree of autocorrelation
in the variable in question. This, in turn, puts the validity of using the lagged
variable as an instrument into question. Only in the equations for Py, and Y are
the coeflicients for the lagged variables close to 1. And in these equations there are
several other significant variables, beside the lagged endogenous variables, which
should mitigate the problem indicated.

According to Table 4b, the age distributions are very important for the quality
indexes. The 40-49 year olds are especially noteworthy: at all levels of education
their contribution to effective labor differs significantly from their weight in the
age distribution. At all levels but level 2 they contribute more than indicated
by their share in employment. The gender and fields-of-study distributions also

affect the indexes. The immigrant /non-immigrant and, in particular, the work

hour distributions are not important for the indexes, however. Thus, controlling

32Unlike the conventional R?, the R? measure suggested by Haessel (1978) is applicable to

non-linear as well as linear models and has the advantage of always belonging to the [0,1] interval.
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for the other characteristics, it does not seem necessary to account for part-time
work in the sense that those working part-time contribute to effective labor in
accordance with their share in employment.??

The substitution parameter p is found to be 0.45. By (4.9), this translates
into an elasticity of substitution approximately equal to 0.69, implying that there
is a non-negligible degree of substitutability between different characteristics.

The estimates of the cost function’s parameters are provided in Table 5.
< Table 5: The cost function parameters >

Most of the parameters are precisely estimated. Haessel’s R? measures indicate
that the model fits the data very well, especially with respect to the labor demand
equations (the IV;/Y — equations) and the equation for equipment demand (E/Y).
With respect to the intermediate goods (M/Y') and the shadow price equations
(Zs) the R*’s are somewhat less impressive but, nevertheless, quite high consid-
ering the fact that the modeling of industry-specific effects is limited to allowing
the intercepts in the first seven equations to vary by industry.**

The estimates of the Ap ;, which determine the effects of technical change
on labor demands, are all significant. Their signs indicate that technical change
is reducing the demand for workers with the three lowest levels of education.
Only for individuals with some university education does technical change increase
demand. These results support the skill-biased technical change hypothesis.?®

The short-run cross-price elasticities of demand are determined by the a— pa-

330ne troublesome feature with the results in Table 4b is that three estimates are well below
—1; the coeflicient for females in index Bz and the coeflicients for 1629 year olds and the fields-
of-study category FoS4 in index B4. As noted above, the implication is that these categories
contribute negatively to effective labor, which is hard to believe. Presumably, these counter-

intuitive results have been caused by multicollinearity among the different characteristics.
34 More precisely, the Az, 0, ¢ = 1,2,3,4, the Ago, and the \;; ¢ are industry-specific.
35Below, it will be shown that technical change reduces labor demands more the lower the

level of education. This cannot be deduced directly from the parameter estimates.
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rameters; if a;; > 0 (< 0) for i # j then the inputs i and j are short-run substitutes
(complements); cf. (4.34). The precision in the estimates of these parameters give
a good indication of the precision in the estimated short-run cross-price elastici-
ties. Regarding the o, py, it can be seen that ay,,r < 0 and significant, indicating
short-run complementarity between level 2 workers and intermediate goods. To
the extent that imports from low-wage countries constitute a non-negligible share
of intermediate goods this result is not in line with the trade hypothesis, according
to which low-skilled workers and such imports are substitutes.?®

In order to ascertain that the own-price elasticity of demand for intermediate
goods is negative, as required by the regularity conditions, it has been necessary
to impose constraints on &y, ran, and agy; cf. Table 6. A LR test of
these constraints is rejected at the 5% level of significance, implying that, taken
together, the restrictions are not supported by the data. Fortunately, they do not
affect individual estimates very much, however. Of all the estimates in Table 5
only one, that of oy, is significantly different from the unrestricted estimates.?”

To be well-behaved, the cost function should also be decreasing and convex in
the quasi-fixed factor, i.e. in S. The necessary conditions for these properties are
that 745 > 0 and at least one of the §—parameters are negative, indicating that the
corresponding variable input and structures are long-run substitutes. From Table
6 it is clear that these conditions are satisfied and closer examination of the results
show that cost function is indeed decreasing and convex in S.*® The estimates of
the 61,5 provide support for the capital/skill-complementarity hypothesis; level 1
workers and structures are substitutes, at level 2 they are neither substitutes nor

complements, and at levels 3 and 4 they are complements.

36 Unfortunately, there is no information about the import content of intermediate goods.
37The unrestricted estimates are not reported here but are available on request.
38The closer examination involves evaluating the estimated shadow prices for structures and

the second order derivatives of the variable cost function at all points in time, for all industries.
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6.2. Effects of labor quality characteristics and relative prices

The estimated quality indexes are plotted in Diagram 4.

< Diagram 4: Labor efficiency indexes by educational level, for the whole man-

ufacturing sector and two selected industries >

For the manufacturing sector as a whole, the index for level 1 workers deteriorates
steadily from 1.05 in 1985 to 0.95 in 1995, i.e. with 1 percentage point per year.
This development is due to the fact that the workers under 50, which contribute
more than proportionally to effective labor, have decreased their share while the
opposite is true for the oldest employees, the 50-74 year olds, which contribute
less than proportionally to effective labor; cf. Table 4b and Table 3.

For level 2 workers the quality index has instead increased, from about 0.94
to around 1.02. Tables 4b and 3 show that in this category, changes in the age
distribution have had the effect of increasing effective labor input. For workers
with upper secondary school (level 3), the index fluctuates around 1, implying
that effective labor has been roughly constant compared to the base-year, 1991,
level. The quality index for employees with some university education, finally,
has increased slightly over the period, from around 0.97 to 1.02, i.e. by 0.5
percentage points per year. Here, favorable changes in the age distribution have
been reinforced by shifts in the fields-of-study distribution.

The importance of the quality indexes can be tested by means of a likelihood
ratio (LR) test of the constraint B; = 1 Vi, imposed on the system (5.2). This
constraint is strongly rejected; the LR statistic is 24.3 and the number of degrees
of freedom is equal to 27, implying a significance level below 0.5 %.

To illustrate the demand effects of changes in labor quality characteristics,
assume that measures are taken to counteract the decreasing shares of 16-29 year
olds and the increasing shares of 50-74 year olds in the manufacturing sector as a
whole. Specifically, assume that in the base-year 1991 the number of individuals in

the former age interval is increased by 2000 and that the latter group is reduced by
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the same number. In relative terms, these changes correspond to approximately
a 1% increase and a 1% decrease, respectively. Assume, further, that these
changes are evenly spread across educational levels; at each level the number of
16-29 year olds is increased by 500 and the number of 50-74 year olds reduced by
500. Application of (4.25), (4.28), and Appendix B yields the following results.

< Table 6: Labor demand effects in 1991 of replacing 500 individuals aged 50-74

with 16-29 year olds, in the manufacturing sector as a whole >

The intuition is provided by the estimates in Table 4b. For level 1, the change
means reducing a category of workers which contribute less than proportionally to
effective labor and increasing a category contributing more than proportionally.
It seems reasonable that this should decrease the total demand for level 1 workers
decreases, which is just what happens. For levels 2, 3, and 4 the parameters
have the opposite signs, which leads to demand increases. Summation across
educational levels shows that the effect on total labor demand is positive, too.
Short-run and long-run price elasticities of demand for 1986, 1991 and 1995
are reported in Tables 7, 8, and 9, respectively, for the whole manufacturing sector

(3000), Printing and Publishing (3440), and Metal Products (3810).%

< Table 7: Price elasticities of demand in 1986 for the whole manufacturing
sector and two selected industries >
< Table 8: Price elasticities of demand in 1991 for the whole manufacturing
sector and two selected industries >
< Table 9: Price elasticities of demand in 1995 for the whole manufacturing

sector and two selected industries >

The own-price elasticities are on the main diagonal of the tables. The lower

the levels of education, the higher are the own-price elasticities, which is what

39Flasticities for all 24 industries during 19861995 are available on request.
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t.4 While there are considerable differences across industries, a

one would expec
common feature is that there are time trends in the elasticities; with respect to Ny,
Ny, and N3 they increase in magnitude over time whereas the opposite is true for
N,. At the end of the period, for the manufacturing sector as a whole, demand is
elastic for labor with at most upper secondary school, i.e. the own-price elasticities
are below -1 for these categories. Except for level 2 labor, the long-run own-price
elasticities are distinctly larger in magnitude than the short-run elasticities. Note
that the own-price elasticities for equipment () and intermediate goods (M) are
much smaller than for all categories of labor.

The cross-price elasticities are given by the off-diagonal elements. These elas-
ticities are not symmetric. Consider, e.g., the short-run cross-price elasticities
between labor with educational levels 1 and 3 in 1995, for the manufacturing sec-
tor as a whole. The element in column 1, row 3, of Table 9a says that 1 % increase
in wage of level 1 labor increases demand for level 3 labor by 0.97 %. The element
in row 1, column 3, on the other hand, say that a 1% increase in the wage of level
3 labor increases demand for level 1 labor by 3.57 %. These numbers seem very
different, but to a large extent they reflect differences in employment levels.*!

Most pairs of labor are found to be substitutes. This is especially true for level
1 and level 2 labor; for the manufacturing sector as a whole both the short-run
and the long-run cross-price elasticities are larger than 1 in 1991 and in 1995. The
cross-price elasticities for level 1 and level 3 labor are also quite high. In contrast,
labor with educational levels 1 and 4 are found to be complements. Possibly, this
has to do with restructuring. It might be that when introducing new equipment,

the predominantly young level 4 workers need the experience that the mostly older

40With respect to the long-run elasticities the relationship is not completely monotonic, how-

ever. The elasticities for level 2 labor are somewhat larger in magnitude than for level 3 labor.
4 The predicted employment is 115,208 for level 1 labor and 394,193 for level 3 labor. Ac-

cordingly, a 1% increase in the wage of level 3 labor increases demand for level 1 labor by
0.037 x 115,208 = 4, 113 individuals, while a 1% increase in the level 1 wage increases demand
for level 3 labor by 0.0097 x 394,193 = 3,824 individuals.
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level 1 workers have with the obsolete systems to be replaced.*?

The high own-price and cross-price elasticities of demand for low-skilled labor
indicate that small wage changes for these groups will have substantial effects
on demand. To illustrate, consider the following experiments. The labor cost of
either level 1 or level 2 labor can be cut by 1%, in 1995. With respect to the
manufacturing sector as a whole, which of these measures has the most favorable
effect on the total demand for these two categories of labor? To compute this, the
elasticities in Table 9 have to be applied to predicted employment for level 1 and
level 2 workers. The total demand effect on level 1 and level 2 workers from a 1

percent decrease in the wage of level i is
eniy, X NP — ey x N2%, i,h=1,2, ®=5R.

For 1995, short run predicted employment for level 1 and level 2 workers are
115,208 and 119, 872, respectively. Thus, by Table 9a the short run demand effect
of a 1 percent wage cut for level 1 workers is 0.0360x 115,208 —0.0177 x 119,872 =
2,026 workers. The effect of cutting the wage for level two workers, on the other
hand, is 0.0147 x 119,872 —0.0183 x 115,208 = —346! Thus, the positive effect on
the demand for level 2 workers is more than offset by a reduced demand for level
1 labor. Thus, two very similar measures to increase the demand for low-skilled
labor can yield very different results. The difference between the long run effects
is even more dramatic: 0.0601 x 120,095 — 0.0195 x 119,460 = 4888 as opposed
to 0.0148 x 119,460 — 2.01 x 120,095 = —646.

Concerning the capital/skill — complementarity hypothesis it has already been
noted that the estimates of the 67,5 — parameters support the hypothesis with
respect to structure capital. For equipment capital, the cross-price elasticities
provide an example of the possibility that the short-run and long-run elasticities

classify the relationship between two factors differently. This can be seen by com-

420f course, this is just a transitional effect. Future increases in the demand for level 4 workers

thus cannot be expected to be accompanied by increased demands for level 1 workers.
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paring the E(quipment) columus in the a and b charts of Tables 7, 8 and 9. The
short-run cross-price elasticities between level 4 labor and equipment, given in
the a charts, are very small but non-negative, indicating that these two factors
are short-run weak substitutes. The corresponding long-run cross-price elastic-
ities, given in the b charts, are negative, indicating long-run complementarity.
On the whole, the long-run cross-price elasticities look just like predicted by the
capital/skill — complementarity hypothesis: the elasticities are highest for level 1
labor, lower for level 2 and level 3 labor and negative for level 4 labor. It should

be emphasized, however, that these elasticities are not very precisely estimated.

6.3. Effects of technical change

Table 10 clearly shows that technical change hurts the demand for low-skilled
labor, and that it hurts harder the lower the level of education. Positive demand
effects are found only for workers with (some) university education. Moreover, in
percentage terms, the detrimental effects on the demand for workers with educa-
tional levels 1, 2, and 3 increase in magnitude over time. The positive demand
effects for level 4 workers fall over time, but very slightly.. As a consequence, the
gap between the high-skilled and the low-skilled increase over time.

While the short-run and the long-run effects are very close, there are large dif-
ferences across industries. For example, in the comparatively ”high-tech” Printing
and Publishing industry (3440) technical changes reduces the demand for level 1
workers at a much faster rate than in the Metal Products industry (3810). With
respect to high-skilled (level 4) labor, on the other hand, the rate of demand

increase in Metal Products is about twice as high as in Printing and Publishing.*?

43Partly, these differences are explained by differences in employment levels in these two
industries. As seen in Diagram 1, the number of individuals with educational level 1 is much
smaller in 3440 than in 3810. Hence a reduction of demand by, say, 1,000 level 1 individuals will
amount to a much larger relative decrease in 3440 than in 3810. Similarly, a demand increase

of 1,000 level 4 workers will be much larger in relative terms in 3810 than in 3440.
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An interesting feature of the technical change effects are their time patterns.
These can be most clearly seen by considering the absolute effects, i.e. IN; /0,
rather than the relative effects provided in Table 10. Since

ON; Y
= Az, — i =1,2,3,4. 1
8t L; BZ ) 7 ) 737 (6 >
total differentiation yields
ON; 1 Y
d =M, | =—dY — = -dB; ], 1 =1,2,3,4. 2
() = (v ggam). =2 02

Irom (6.2) it is evident why, e.g., the negative eflect of technical change on the
demand for level 1 workers increases much more rapidly than the negative effect
level 2 workers. While Ay, and Ay, are both negative the By decrease over time,
making the negative effect of technical change larger in magnitude, whereas the
opposite is true for the By. Similarly, the result that the positive effect of technical
change on the demand for university educated (level 4) workers diminishes over
time is comes from Ay, being positive and B, developing along a positive trend.**

The intuition for the time profiles can be gained from (6.1), noting that the
effect of technical change can be expressed as the effect on effective labor input,
Az, - Y, divided by labor quality, B;. If labor quality deteriorates (improves)
relative to the base-year, i.e. if B; becomes smaller (larger) than one, the effect of
technical change on labor demand must exceed (fall short of ) the effect on effective
labor; it takes more (less) than one worker to produce one unit of effective labor.

The results on technical change compare well with the results for the U.S.

obtained by Morrison and Siegel (1997).%° They also find that technical change

44Empirically, it might seem difficult to separate the effects of technical change, as measured
by a time index, and changes in the quality indexes, which to a large extent are driven by
demographic developments that also take place smoothly over time. The estimation procedure
used here takes care of this problem, however; the effects of the demographic changes are
captured in the first stage regressions of the instruments and the B; indexes, while the effects

of technical change are estimated in second stage regressions of the cost function parameters.
45Machin, Ryan and Van Reenan (1996) report results for the U.S. and the U.K. The former
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reduces the demand for workers with at most upper secondary school (high school)
and increases the demand for workers with at least some university education
(college). Also, the demand-decreasing effect for workers with at most high school
is found to increase over time.

Two differences relative to Morrison and Siegel (op.cit.) are worth noting.
First, their results do not indicate that the rate of increase in the demand for high-
skilled (at least some college) falls over time.*® Secondly, surprisingly, they find
that technical change reduces the demand for those with a high-school diploma
more than it decreases the demand for those with no high school diploma.

These differences do not seem very important, however. On the contrary,
taking into account that this study i) is based on data for another country, and
ii) controls for the workers’ age, sex, immigrant status, work hours and fields-
of-study, the similarity must be considered quite remarkable, providing strong
additional support for the skill-biased technical change hypothesis.

The biases in technical change, i.e. the differences between the demand effects
and the effects on the cost of production, are given in Table 11. Comparing with
Table 10 two qualitative differences can be noted: unlike the demand effects the
biases for equipment capital () and intermediate goods (M) are positive. Thus,
compared to a cost-share weighted average of the effects of technical change on
all input demands the effects on demands for equipment and intermediate goods
are positive. This means that in addition to a skill-bias in technical change there
is also a "non-labor bias” which further aggravates the situation for the low-
skilled, by partly directing input demand away from low-skilled labor and towards
equipment and intermediate goods.*” Apart from Morrison and Siegel (1997)

are in line with Morrison and Siegel (1997). The U.K. results are slightly different but not

directly comparable.
46Possibly, this can be partly explained by the fact that their data end already in 1989.
47Tt should be noted that the fact that the estimate of Ag; is insignificant and, hence, can

be replaced by 0 strengthens this conclusion, because such a substitution would yield a positive

bias larger than the one in Table 11.
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earlier studies have only considered the demand for different categories of labor

and so have not been able to capture this form of technical change bias.

7. Conclusions

Five results emerge from the analysis in this paper.

The first result is that the skill-biased technical change hypothesis, which has
received strong support in earlier analyses, is further corroborated. The robustness
exercise carried out in this study addresses the possibility that, by focusing on
educational (skill) levels only, previous estimates of skill-biases might be more or
less spurious in the sense of confusing the influence of technological developments
with effects of changes in other characteristics of labor. However, the conditioning
of labor demands on age, sex, immigrant status, work hours, and fields-of-study,
as well as level of education, does not qualitatively change the earlier conclusions.
The effects of technical change on labor demand are still significantly different
across groups. And, in accordance with a priori expectations, technical change
hurts demand harder the lower the worker’s level of education. Positive effects on
demand are found only for workers with university education.

In 1995, the aggregate, employment-weighted, long run rates of demand changes
induced by technical change are —17.5 %, —6.4 %, —3.0 %, and 4+2.4 % per year, for
workers with elementary school, 9 year compulsory school, upper secondary school,
and at least some university, respectively. The corresponding (predicted) levels of
employment are, in thousands, 120,000, 119,000, 389,000, and 127,000, implying
demand changes of —21,000, -8,000, -12,000 and 43,000, respectively. Together,
these effects reduce labor demand by 44,000, from 755,000 to 711,000.

In addition to the skill bias, there is also a "non-labor bias” in technical change,
which has not been recognized in earlier studies. By saving more on low-skilled
labor than on equipment and intermediate goods, technical change directs input

demand away from low-skilled labor towards these non-labor inputs.
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The second result is that there is a substantial difference between measuring
labor in purely quantitative terms and by means of the "quality—adjusted” specifica-
tion of effective labor. Disregarding, e.g., the workers’ age distribution is justified
only if the contributions to labor input from workers in different age categories
match their frequencies in the age distribution. With respect to the distributions
over age, sex, immigrant status, and fields-of-study this is not the case.

For workers with a given level of education, the estimated ”quality” indexes
summarize the effects of the other characteristics on effective labor input. The
indexes are normalized to unity in 1991 and thus measure labor "quality” rela-
tive to that year. The aggregate, employment-weighted, index for workers with
elementary school decreases steadily from 1.05 in 1985 to 0.95 in 1995. For work-
ers with 9 year compulsory school the aggregate index instead increases almost
monotonically from 0.94 to 1.025. The index for upper secondary school fluctuates
around 1.0. For workers with at least some university education, the aggregate
index 1s 0.97 in 1985 and rises to 1.03 in 1995. Thus, in 1995 effective labor inputs,
measured relative to labor ”quality” in 1991, were 5 % lower, 2.5 % higher, about
the same, and 3 % higher than actual employment for the four levels of education.

There is an important connection between the developments of the quality
indexes and the effects of skill-biased technical change. If labor quality deterio-
rates (improves) this increases (decreases) the magnitude of the effect of technical
change on labor demand. The indexes are also useful for policy analyses of la-
bor demand effects from, e.g., demographic changes or changes in educational
priorities with respect to subjects of study.

The third result is that there are large differences between the two categories
with the lowest levels of education, implying that the treatment in earlier studies
of low-skilled workers as a homogenous group can be seriously questioned. From
the above discussion it is clear that there are large differences with respect to the
effects of technical change and in terms of effective labor input. The differences

extend to price elasticities as well. In 1995, the estimated aggregate own-price
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clasticities are —3.60 (—6.01) for workers with elementary school in the short (long)
run. Thus, the demand for these workers is extremely elastic; a 1% increase in
labor costs reduce demand by 3.6 % in the short run and 6 % in the long run. For
workers with 9 year compulsory school the corresponding elasticities are —1.47
(—1.48), i.e. aggregate demand is elastic for this category, too, but much less so.

To further illustrate the differences between the two low-skilled groups the
following thought experiment can be conducted. Assume that labor costs in 1995
are cut by 1 % either for workers with elementary education (level 1) or for workers
with 9 year compulsory school (level 2). Which of these measures are more efficient
in increasing demand for the two low-skilled groups together? The answer, which
requires accounting for cross-price elasticities as well as own-price elasticities,
shows that a 1 percent cut in the wage cost of level 1 workers increases the total
demand for level 1 and level 2 workers by approximately 2,000 (4900) individuals
in the short (long) run. In contrast, a 1 percent wage decrease for level 2 workers
results in short (long) run demand reduction of 300 (600) individuals! In the latter
case, the positive direct effect is more than offset by a cross-price effect.

The fourth result is that the capital-skill complementarity hypothesis is sup-
ported, which further adds to the gloomy prospects for the low-skilled. For the
whole manufacturing sector in 1995, the long run cross-price elasticities between
equipment capital and the most highly educated workers (those with at least some
university education), are slightly negative, indicating complementarity. For work-
ers with at most upper secondary school the elasticities are positive, indicating
substitutes. The results are similar with respect to structures; the main differ-
ence is that in addition to university educated workers, individuals with upper
secondary education and structures are also complements.

The fifth result is that there is no evidence, at the industry level, of substitution
of intermediate goods for low-skilled labor; both the short run and the long run
elasticities are either negative, indicating complementarity, or zero. In addition

to being an important result in itself, it might have bearing on the hypothesis

41



that competition from the Third World reduces the demand for the low-skilled. If
imports from the Third World make up a significant part of intermediate goods,
then the result is not consistent with the hypothesis’ implication that low-skilled
labor and imports from low-wage countries are substitutes. In that case the
result here instead extends earlier results showing weak effects from trade and
outsourcing at high levels of aggregation on labor demand at lower aggregation

levels.
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A. Decomposition of changes in employment shares into

between- and within-industry changes

Using the notation in Berman et al. (1994), the aggregate employment share for

category j labor, PF,, equals the sum of the corresponding 24 industry shares, S;,

LR

weighted by their shares in total employment:

Pr ijEs here  PY = —% d S Yot By (A1)
= erio i where P! = —4——— an i = —r————, (A.
’ i=1 ’ ’ Z?:l Eij Z?il Z?:l Ez‘j
for j = 1,2,3,4. A discrete approximation of the (annualized) change in P.Ej
between two points in time, ¢ and ¢ 4+ v say, is given by

24 . 24

B _ 5} EQ
v v (A.2)
between industry within industry
changes changes

where the A denote average annual changes, defined according to

Livw — 7,
AZt,H»UEMv Z=Pf

v e

B
Si ) Pz]
and the ”constants” are computed as simple arithmetic averages, i.e.

CitCu C=PE g

C 2 ) 2j

The results of applying the decomposition to the two business cycle peaks, { =

1988 and ¢ + v = 1994, and to the endpoints of the period are given in Table Al.
< Table A1: Decomposition of changes in employment shares, % per annum >

The changes in the employment shares are completely dominated by within in-

dustry changes; cf. the last column.



B. The effect on the quality index from a change in the
distribution over a given characteristic
To evaluate the effect on the quality index B; from a change in the distribution

over the jth characteristic, first consider the effect from a change in the jth

characteristic at given shares. Defining:

K,
Dy = (1 + Oux) Hir, (B.1)
k=1
(4.8) implies
Bi BZ 1+p;
887 =V (D_> (B.2)
] ij
The next step is to evaluate
0Dy, | —=
(8H——] NJPR> ,  ®=51I, (B.3)
ik

which denotes the change in D;;, represented by changes in the K, shares H,j;
at a given labor demand, N & = S, L. Define

NP = N+ Nt 4+ NE, (B.4)
and ok
N®
PR __ 15k
HY = N;’R‘ (B.5)

Assume that the K, subgroups change by dNZ-?,lj, k=1,...,Kj. Each one of the
changes involve a change in labor demand by the same magnitude, as well as a
change in the distribution over the jth characteristic. To isolate the latter effect,

define a scale factor, 7, such that

K,
i N‘I’R
_ k=1 17k
= Zx; . (B.6)
k:zl (Nz?llj + sz?llj)
Next, define
(NEE) =n- (NSE+dNGE), k=1, Kj. (B.7)
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The (N;?,f) " have two properties which make them appropriate for the evalua-

tion of changes in the subgroups. First, from (B.6) it is clear that ijl ( N, 55)* =
fiil (N;?,f), 1.e. the scaling by n makes the sum over the new subgroups equal to
the sum over the original subgroups. Thus, the (Ni?,lj)* correspond to the same

level of labor demand as the Ng,lj. Moreover,

(Ni?llj)* B NER L dNEE

17k 17k
= , k#L, (B.8)
(NER) NG+ dANGS

1.e. the scaling preserves the relations between the new subgroups.

To move to changes in subgroup shares, define

(aN®R)" = (NEE) = NGE, k=1,... K, (B.9)

35k 17k 13k

Obviously, fﬁl (dN ‘I’R)flk = 0, as required. Next, totally differentiate the pop-
i

ulation shares to obtain the general relation between changes in the shares and

changes in the sizes of the subpopulations:

®R OHY  Ar®R OUZE 1 N®R OHE JNOR
— ik cee T cee 5
j ijk 'L]K]i
NPR_NZR N
_ i ijk PR _ ifk ®R PR
= Ty T ey (ANEF + oo+ NG (B.10)
i i

+dNBE, 4.+ dNER ).
In analogy with (B.10), next define share changes corresponding to (B.9), i.e.

share changes that do not involve any change in the size of the total population:

(dH(pR):jk - %ﬁ (dN(PR):jk N %Z [(dN(pR):jl T (dN(pR):jkfl
+ (dN(pR):ij T (dN(I)R):jK»} )
"’ (B.11)
Since the (dN‘I’R):jk sum to zero
(dN(pR):ﬂ e (dN(pR):jkfl T (dN@R):ij et (dN@R):jKji - (dN(pR):jk
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which implies that (B.11) can be simplified to

* 1 *
PR ®R
<dH )ijk ~ NPE <dN )ijk , k=1, K (B.12)
Collecting results and simplifying we obtain
Ky,
OB | 3wm) B; S (1 1, T DN+ nd NG
OH—~ % " K, ijk N(I)R
Lk woy (L4 040) Hijy k=1 p

where 7 is defined by (B.6). Note that if the assumed changes do not imply a
change in the level of labor demand then n = 1 and the last ratio simplifies to

ANZR/NPE,
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