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Abstract

Income inequality has been increasing in Sweden for more than two decades.
Since 1981, the skill premium has risen by 20 percent for the economy as a
whole and by as much as 30 percent for men working in the private sec-
tor. At the same time, the supply of skilled workers has grown by 20 percent.
Given this increase in the supply of skilled labor, why has Sweden experienced
such a prolonged increase in income inequality between skilled and unskilled
workers? This question is examined here in a neoclassical growth framework
using data from Swedish industry. The main finding of this study is that the
rise in income inequality in Swedish industry is being driven by capital-skill
complementarity. Increased investments in new capital equipment, together
with a higher rate of capital utilization and a slowdown in the growth rate
of skilled labor, have raised the ratio of effective capital inputs per skilled
worker, which, in turn, has increased the relative demand for skilled labor
through the capital-skill complementarity mechanism.
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1 Introduction

Income inequality has been increasing in Sweden for more than two decades. Since
1981, the skill premium, defined as the full-time equivalent salary of a skilled worker
relative to that of an unskilled worker, has risen by 20 percent for the economy as
a whole and by as much as 30 percent for men working in the private sector.! At
the same time, the supply of skilled workers, in terms of educational attainment,
has grown by 20 percent (SCB6). Given this increase in the supply of skilled labor,
why has Sweden experienced such a prolonged increase in income inequality between
skilled and unskilled workers?

This question will be examined here using a neoclassical growth framework
based on recent work by Krusell, Ohanian, Rios-Rull and Violante (2000) (hereafter
KORV). Their influential study proposes an explanation of the even more dramatic
rise in the skill premium experienced in the United States during this time. They
argue that the falling relative price of capital equipment (due to equipment-specific
technological change) has led to increased investment and, subsequently, to an in-
crease in the ratio of capital equipment per skilled worker in the economy. This raises
the market return to skills through the capital-skill complementarity mechanism.

The purpose of this study is to determine whether or not the capital-skill com-
plementarity mechanism can be used to help explain rising income inequality in
Sweden. This will be done by applying the KORV model to data from Swedish
industry.

The Swedish experience is an especially interesting test case for the KORV model.

The historical development of the Swedish skill premium differs significantly from

IThe skill premium referred to here is defined as the full-time equivalent monthly salary of
worker with 3 or more years of post-secondary education relative to the full-time equivalent monthly
salary of a worker with a gymnasium (high school) education. As such, the definition of skills is
one based on educational attainment. The skill premium was 1.16 in 1981 (Davis, 1992) and 1.39
in 1999 (SCB1). The skill premium for men working in the private sector has increased even more
dramatically, particularly during the 1990’s, during which time it jumped from 1.39 in 1992 to 1.56
in 1997 (SCB1).



that of the US skill premium. In particular, Sweden experienced an unprecedented
drive towards wage equality between 1967 and 1983. Differences in labor market
institutions also make Sweden an excellent (albeit tough) test case for the theory and
model presented in KORV. Since institutional models and explanations dominate
the Swedish debate on relative wage determination, our a priori belief should be
that a simple, market oriented model will not be able to explain movements in the
skill premium in Sweden: at least not very well.

What we find instead, is overwhelming support for the KORV model and its
ability to account for movements in the Swedish skill premium. The main finding
of this study is that the increase in income inequality in Swedish industry is be-
ing driven by capital-skill complementarity. Increased investments in new capital
equipment together with a higher rate of capital utilization and a slowdown in the
growth rate of skilled labor have raised the ratio of effective capital inputs per skilled
worker, which, in turn, raises the market return to skills through the capital-skill
complementarity mechanism.

Capital-skill complementarity also appears to have played a significant role in
the dramatic fall of the skill premium, particularly between 1977 and 1983. After
1977, investment in capital equipment in Swedish industry dropped from an average
of 5 percent per year to -1.3 percent in 1983. This fall in investment and a similar
fall in capacity utilization had a large, negative impact on the skill-premium. The
increase in the supply of skilled labor played a secondary role during this period.
The drop in the Swedish skill premium between 1967 and 1977 appears to be due
to an increase in the relative supply of skilled labor during that time.

Previous authors have attributed the fall in the Swedish skill premium between
1967 and 1983 to a combination of two factors; to an increase in the supply of uni-
versity graduates (Edin and Holmlund, 1995) and to the egalitarian wage policies of
the Swedish trade unions (e.g. Flam, 1987; Edin and Topel, 1997; Arai and Kjell-



strom, 1999; Lindquist, 2000). The argument concerning union wage compression
tends to dominate the debate among Swedish economists. The widespread accep-
tance of this hypothesis, however, is not based on strong empirical evidence, but
rather on a set of commonly held beliefs about what trade unions do and why.? In
contrast with the union wage compression argument, Edin and Holmlund’s supply-
side explanation relies on market forces and can be tested using observable changes
in factor quantities and prices. This study extends their market oriented approach
to include the demand side of the labor market for skilled labor and by specifying
the production technology more closely.

Rising wage inequality between high skilled and low skilled workers has received
considerable attention in the Anglo-American literature. Notable studies include
Bound and Johnson (1992), Katz and Murphy (1992) and, more recently, KORV. In
contrast, the Swedish (and continental European) debate has paid little attention
to rising wage inequality. It has, instead, focused on the large drop in demand for
low skilled workers and subsequent unemployment among the low skilled (see e.g.
Nickel and Bell, 1995; and for Sweden, see e.g. Mellander, 1999; Hansson, 1996 and
1999; Oscarsson, 2000). The arguments and explanations within this debate are
very similar to those found in the Anglo-American literature.

These explanations can be placed into three (not necessarily exclusive) categories;
supply effects, demand effects and institutional effects. Institutional effects include a
fall in the union wage premium and changes in wage-bargaining frameworks. Supply
effects include both changes in the quantity of skilled labor and in (unmeasured)
labor quality. Demand effects are attributed to increasing trade with low wage
countries and to skill-biased technological change.

Bound and Johnson (1992) evaluate the evidence concerning the impact of these

2There are several studies which document the effects of the Swedish trade union’s wage policy
of solidarity on horizontal wage compression, most notably Edin and Holmlund (1995) and Hibbs
and Locking (1991). But there are no comparable studies which show a strong relationship between
this policy and vertical wage compression.



different effects on the wage-structure in the United States during the 1980’s. Their
analysis, "points strongly to the conclusion that the principal reason for the increase
in wage differentials by educational attainment and the decrease in the gender dif-
ferential is a combination of skilled-labor-biased technological change and changes
in unmeasured labor quality.” Katz and Murphy (1992) report similar results. As
such, the leading explanations of growth in the skill premium in the United States
during the 1980’s and ’90’s have relied upon a residual trend in labor productivity,
which has been labeled as either skilled-biased technological change or as increases
in unmeasured labor quality.

The KORV model used in this paper provides us with a specific, economic inter-
pretation of skill-biased technological change, as well as a hypothesis which can be
tested using observable factor quantities and prices. KORV argue that the residual
trend in labor productivity used by many authors to explain the rising skill premium
is, in fact, a proxy for the omitted capital-skill complementarity variable. Evidence
in favor of this interpretation will be presented towards the end of this study.

This study differs in three important ways from the original KORV study. First,
the KORV study uses aggregate data, while this study uses data from Swedish
industry. Data from Swedish industry is used due to the lack of time series data on
the aggregate skill premium in Sweden. This difference is a critical one. Applying a
general equilibrium model to a partial equilibrium case study could lead to serious
endogeneity problems. This potential problem is carefully addressed and the results
of the benchmark model are shown to be robust. In short, the test conducted
in Section 4.4 shows that data from the aggregate economy can also be used to
explain movements in the skill premium within Swedish industry and that the main
conclusions from the benchmark model are true in this alternative model as well.

Another important difference is the inclusion of a variable for capacity utilization.

This utilization variable is used to adjust the stock of capital equipment towards a



more accurate measure of capital services. It is the ratio of the effective units of
capital equipment (capital services) to skilled hours worked which drives the skill
premium in the model not the ratio of the available stock of capital equipment to
skilled hours. In Section 4.5 we shall see whether or not the authors of KORV
missed something important by omitting the capacity utilization variable from their
experiment.

A third important difference is that the data on the stock of capital equipment
in Sweden is not quality adjusted, since there is no quality adjusted price index
available. An experiment is carried out in Section 4.6 to find out exactly how
important this missing quality adjustment is for the results of this study. The KORV
model has, in fact, been criticized on the grounds that their quality adjustment may
simply be a new unobservable trend, replacing the role of Katz and Murphy’s trend
in labor productivity. This study shows that the importance of the capital-skill
complementarity mechanism for explaining rising wage inequality does not depend
on the use of these quality adjustments.

The remainder of this study is outlined as follows. In the next Section, the KORV
model is presented and the quantitative experiment is outlined in detail. Then the
data from Swedish industry are presented in Section 3. An initial examination of the
data shows us that they are, in fact, consistent with the hypothesis of capital-skill
complementarity

The quantitative analysis and results are presented in Section 4. First, a stochas-
tic version of the model is construct. This is followed by a presentation of the
econometric model. Then, the main parameters of interest are estimated using a
two-stage, simulated pseudo maximum likelihood method. These estimated param-
eters are then used in a decomposition experiment which demonstrates the impor-
tance of the capital-skill complementarity mechanism for explaining rising income

inequality in Swedish industry. The robustness of the empirical findings from the



benchmark model are tested in a number of alternative experiments. These experi-
ments investigate the implications of the three main differences (mentioned above)

between this work and the original KORV study. Section 5 concludes.

2 The Model

The KORV model is a two sector model of the production side of the economy. One
sector produces capital equipment only, z.;, and the other produces consumption

oods, ¢;, and capital structures, x4
) 9 )

Tet = thLtG (kgta k:tv uf, 8?) (1)

atag = oG (kg ko, ug,sy). (2)

Both sectors have access to a common production function, G(-), which is homoge-
neous of degree one and use capital structures, kg, capital equipment, k., skilled
labor, s;, and unskilled labor, u;, to produce output. They also have access to a
common technology, a;. The relative price of capital equipment, ¢, is interpreted as
equipment-specific technological change (e.g. the embodiment of IT advancements)
and is unique to the capital equipment producing sector.

Assuming perfect competition, aggregate output (in terms of consumption units)

can be written as

Te
Yy = C + Tt + q—t = ;G (kst, ker, uy, ) - (3)
t
The evolution of capital is given by
ks,t+1 = (1 - 55) kst + Tt (4)
ke,t+1 = (1 - 58) ket + Tet (5)



where 0, and d,, are the depreciation rates for capital structures and capital equip-

ment respectively.

2.1 The Production Function

The KORV model uses a four-factor, constant returns to scale production function
which is Cobb-Douglas over capital structures and a CES function of the three

remaining factors of production
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The parameter « is the capital structures share of income, o and p are the two key
substitution parameters, and p and A are income share parameters. The elasticity of
substitution between capital equipment and skilled labor, Sk_s, is equal to 1/ (1 — p).
The elasticity of substitution between capital equipment and low skilled labor, Sk,
and the elasticity of substitution between high- and low skilled labor, S, , are both
equal to 1/(1 — o). The hypothesis of capital-skill complementarity implies o > p.
Labor inputs are measured in efficiency units in this model, so that s; = 1, hg
and w, = ,,hu, where h; are the number of hours worked by type ¢ workers
and where 1), are efficiency indices. These indices will be specified more closely in

Section 4.1 below.

2.2 The Skill Premium

The skill premium in the KORV model is defined as the ratio of skilled- to unskilled

wages, which, under the assumption of perfect competition, is equal to the ratio of



their marginal products. In KORV, the authors first express the skill premium as a

function of input ratios

AT N _w%g (’;) (=) @

This shows us how the skill premium in the model is connected to factor inputs.

Then the skill premium is broken down into its three main components. They do

this by first log linearizing Equation 7. Dropping the constant, they arrive at

_ P
In 7y ~ Z\Z ; P (%) +(1—0)ln (Z:I) +oln (Z—Zi) . (8)

Then, taking derivatives of this expression with respect to time results in
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capital-skill complementarity effect

where g;; is the growth rate of variable ¢ at time ¢t. Equation 9 provides us with a way
of using the KORV model to understand how changes in the growth rate of inputs
affects the skill premium by decomposing the skill premium into its fundamental
components; the relative quantity effect, the relative efficiency effect, and the capital-
skill complementarity effect.

The relative quantity effect says that when unskilled hours grow at a faster rate
than skilled hours the skill premium will rise (recall that o < 1). This is the same
as Edin and Holmlund’s (1995) supply-side effect.

The relative efficiency effect depends on the sign of the substitution parameter,
o. If ¢ > 0, then the elasticity of substitution between the two types of labor

is greater than one which means that they are substitutes for one another in the



production process. In this case, when the efficiency of skilled labor grows faster
than that of unskilled labor, the skill premium will rise. It is this kind of (inherently
unobservable) trend which Bound and Johnson (1992) and Katz and Murphy (1992)
use to explain movements in the skill premium.?

The third effect is the capital-skill complementarity effect. If skilled labor and
capital equipment are complementary factors of production, i.e. if ¢ > p, then
increases in the quantity and/or quality of the one will increase the marginal pro-

ductivity of the other. So, as the stock of capital increases and as the quality of new

investments improves, the wage for skilled workers will ceteris paribus increase.

3 The Data

The empirical work in this paper is based primarily on annual data collected for
Swedish mining, manufacturing and construction from 1967 to 1999.* These three
sectors of the economy were chosen due to the scarcity of aggregate time series data
concerning the skill premium in Sweden. The skill premium used in this study is
the university wage premium for male employees in these three sectors.’ As such,
the definition of skills is one based on educational attainment. The series used in
this paper is, in fact, the only times series available for the Swedish skill premium

which covers the entire period of interest.

3The relative efficiency effect is modeled here as a supply-side effect, i.e. as unobservable changes
in the quality of skilled labor relative to unskilled labor. In other settings, this type of unobservable
trend effect has been modeled on the demand-side. In these cases, it is often labeled as skill-biased
technological change.

4Details concerning data construction and sources can be found in the Data Appendix.

°In 1967, output from these 3 sectors accounted for 43 percent of Swedish GDP, 40 percent of
total employment and for 43 percent of hours worked (SCB2). In 1999, output from these 3 sectors
accounted for 23 percent of Swedish GDP, 24 percent of total employment and for 25 percent of
hours worked (SCB’s on-line database).

6The university wage premium is calculated by as the full-time equivalent monthly salary of a
male employee (i.e. a non manual laborer) with three or more years of post-secondary schooling
relative to the full-time equivalent monthly salary of a male employee with a minimum of two
years of secondary schooling. These categories are roughly equivalent to US college and high
school degrees.

10



The skill premium in Swedish industry in shown in Figure 1. The skill premium
in Swedish industry fell by 27 percent between 1967 and 1983. It then rose by 20

percent between 1983 and 1999.

|
1970 1975 1980 1985 1990 1995

Figure 1: The Skill Premium in Swedish Mining, Manufacturing and Construction,
1967-1999.

Figure 2 shows aggregate time series of capital equipment, capital structures,
skilled hours and unskilled hours for these industries. The growth rates of these
four factors of production are shown in Figure 3.

The average growth rate of unskilled hours worked is -1.5 percent per year. This
negative growth rate appears to be a stationary series with only cyclical variations
during this period, which implies that the number of low skilled hours worked is
falling steadily in these industries. In fact, between 1967 and 1999, low skilled
employment fell by 33 percent.

Skilled hours worked, on other hand, grow at an unprecedented rate. Between
1967 and 1983, hours worked by skilled employees grew on average 11.2 percent per

year. This strong positive growth rate falls to zero after 1983. These observations
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Figure 2: Factor Inputs in Swedish Mining, manufacturing and Construction, 1967-
1999.
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Figure 3: Growth Rates of Factor Inputs in Swedish Mining, Manufacturing and
Construction, 1967-1999.
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lie at the heart of Edin and Holmlund’s supply-side argument.” The total number
of skilled workers employed in these industries rose from a mere 0.91 percent of the
workforce in 1967 peaking at 6.4 percent in 1996 and then falling to 5.9 percent in
1999.

Between 1967 and 1999 capital equipment grew at an average rate of 3.25 percent
per year. But, the rate of growth in equipment has varied greatly during this period.
In particular, it fell after 1977 reaching a low of -1.33 percent in 1983. This drop
is quite dramatic considering the fact that from 1963 to 1977 equipment grew at a
nearly constant rate of just over 5 percent per year. After 1983, the growth rate of
equipment follows the business cycle quite closely, with a boom at the end of the
1980’s followed by a large decrease during the severe recession in these industries
between 1990 and 1994.

Equation 7 tells us that a sustained fall in investment should lower the skill
premium. This is, in fact the pattern we see in the data. The skill premium bottoms
out in 1983 at the same time as the rate of investment in capital equipment becomes
negative. This pattern repeats itself again in the early 1990’s where we see that as
investment rates turn negative the skill premium falls.

The average growth rate of capital structures was 1.46 percent per year between
1967 and 1999. The growth rate of capital structures is consistently lower than the
growth rate of capital equipment. There also appears to be a downward trend in
the growth rate of capital structures for the period as a whole. A similar trend is
not present in the growth rate of equipment.

The prices of capital equipment and capital structures relative to consumption
goods are also quite different (see Figure 4). The relative price of structures is nearly

constant up until about 1990 and it is much lower than the relative price of equip-

"Edin and Holmlund (1995) argue that the drop in the skill premium during the 1970’s and
early '80’s is due to this increase in the supply of skilled labor, while the rebound in the skill
premium starting in 1984 is due to slower growth in the supply of skilled labor.

13



ment. Between 1990 and 1994 the relative price of structures drops dramatically,
readjusting to a new, lower level in the aftermath of the Swedish banking and real
estate crisis. The relative price of capital equipment, on the other hand, has been

decreasing steadily since 1974.
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Figure 4: Relative Price Indices for Capital Equipment and Capital Structures,
1970-1996.

KORV interpret a similar decrease in the relative price of capital equipment
in the United States as a proxy for equipment-specific technological change (e.g.
the embodiment of IT advancements) which improves both the efficiency of capi-
tal equipment production and raises the quality of the capital equipment produced.
Unfortunately, the same kind of quality adjusted data does not exist for the Swedish
capital stocks. As we shall see, the argument for the role of capital-skill complemen-
tarity for the case of Swedish industry does not hinge on the use of quality adjusted
capital stocks.

The rate of capital utilization, however, may have also played an important role

in determining the skill premium. For what we are actually interested in is the
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ratio of effective capital services per skilled worker and not the capital stocks per
skilled worker. This is a point that is not explicitly addressed in KORV. Examining
Figure 5, we see that the dip in capacity utilization coincides with both the fall
in investment and the fall in the skill premium. Up until 1996, the skill premium
follows the general pattern seen in the capacity utilization variable. The measure
of the stock of capital equipment used in this study will be adjusted for capacity

utilization (as shown in the lower panel of Figure 5).
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Figure 5: Capacity Utilization and Capital Equipment Adjusted for Utilization
Rates, 1967-1999.

Reexamining Equation 7, we see that the skill premium can be affected by both
the relative supply of skilled to unskilled labor and by changes in the ratio of capital
equipment per skilled worker. If we examine the graphs of these relative factor
inputs in Figure 6, we see that there has, in fact, been an increase in the relative
supply of skilled labor, particularly before 1983, after which the growth in skilled
labor stagnated. This would tend to support the supply-side hypothesis. But we

also see a correlation between the skill premium and the ratio of capital equipment

15



per skilled worker. In Figure 6, we see that capital equipment per skilled worker
exhibits the same two trends as the skill premium: a falling trend after 1968 and a
rising trend after 1983. Thus, a preliminary examination of the raw data seems to
support the hypothesis of capital-skill complementarity as a potentially important

factor behind movements in the skill premium.
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Figure 6: Relative Factor Inputs in Swedish Mining, Manufacturing and Construc-
tion, 1967-1999.

4 The Quantitative Analysis

Previous work by Bergstrom and Panas (1992) and by Machin and Van Reenen
(1998) found capital-skill complementarity to be present in Swedish industry. When
this is true, the ratio of capital per skilled worker becomes one of the determinants of
the skill premium. The data for Swedish industry reviewed above showed that this
factor ratio does, in fact, move together with the skill premium. But, while these

facts may establish the hypothesis of capital-skill complementarity as a prime can-
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didate for explaining movements in the skill premium, we do not yet know whether
or not this mechanism is of any quantitative significance. Can the hypothesis of
capital-skill complementarity make a significant contribution to explaining move-
ments in the skill premium in Swedish industry between 1967 and 19997 Can it
explain the rise in labor income inequality since 19837

The first step towards answering these questions is to specify a stochastic version
of the model’s production function. Then, a complete econometric model consisting
of three structural equations is presented. Two of these equations are derived from
the profit maximizing conditions of the firm under the assumption of perfect com-
petition and rely on the fact that we can observe time series of wages and factor
inputs. A third, no arbitrage equation acts as a proxy for unobservable rental rates
for capital equipment and capital structures. These three structural equations are
then used in a two-stage, simulated pseudo-maximum likelihood estimation of the
model parameters. With these parameters in hand, we can first test the hypothesis
of capital-skill complementarity and, then, carry out the decomposition experiment
described in Section 2.2. This experiment will show us just how important the
capital-skill complementarity mechanism is for an explanation of movements in the

skill premium in Swedish industry.

4.1 A Stochastic Specification of the Production Function

Recall that labor inputs in the KORV model are measured in efficiency units. Skilled
labor inputs, s;, and unskilled labor inputs, u;, are defined as ¢, hg and 1, hye, re-
spectively, where h;; are the number of hours worked by type ¢ workers and where

{4h g, 0} = 10, are exogenous labor efficiency indexes. The log of this labor effi-
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ciency index, log (¢,) = ¢,, is modeled as a trend stationary process

0 = Qo+ + @ (10)

@ "N (0,Q)

where w, are normally distributed i.2.d. shocks to labor efficiency with mean zero
and covariance matrix 2. Each labor type has an initial level of efficiency given by
{040, Lo} = @ and the labor efficiency of each type grows at rate {7V, Yo} = ;-
While the benchmark model will be estimated without any trend in the quality of
labor inputs, i.e. 7, = 7v,; = 0, the inclusion of the trend component, 7,, means that
the model encompasses the class of models with trends in the demand for skilled
labor. It allows us to compare the performance of the benchmark model to that of
other models with trends in skilled labor productivity such as the model of Katz

and Murphy (1992).

4.2 The Econometric Model

Together, Equations 6 and 10 give us a fully specified, stochastic production func-
tion. Under the assumption of perfect competition, we can derive the profit maxi-
mizing conditions of the firm. These conditions can then be used to construct three
structural equations which are used to estimate the parameters in the production
function. These three equations are; the labor share equation, the wage-bill ratio

equation and the no arbitrage equation

wsthst + wuthut
Yi

= Lshy (¢4, X5 9) (11)

8The implications of this trend stationary specification and the potential consequences of alter-
native specifications are discussed quite thoroughly in Ohanian, Violante, Krusell and Rios-Rull
(2000) which is a technical companion paper to KORV.

18



wsthst

= wbry (Y, Xi; 0) (12)

Wyt hut
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(1 —105) + ar11Gy, (¢t+1a X3 925) =k (
qt+1

) (1= 0c) + qar1Gr. (o1, Xig15 9) -
(13)
where w;; is the wage of a type ¢ worker.

Equation 11 is the labor Share equation. It has labor’s share of income as
its dependent variable. The right hand side of this equation is comprised of the
theoretical counterpart from the model. Equation 12 is the wage-bill ratio equation,
which has the ratio of the wage-bill for skilled to unskilled labor as its dependent
variable and on the right hand side the theoretical counterpart from the model.

Equation 13 is a no arbitrage equation which acts as a proxy for the unobservable
rental rates of capital equipment and capital structures. It equates the ex ante
net return on investments in capital equipment with the ex ante net return on
investments in capital structures. The left hand side of this equation is the date
t + 1 return on investments in capital structures, which consists of two components.
The first component, (1 — d5), is the share of undepreciated capital structures carried
over from the previous period. The second component, a;1Gy, (wt 10 Xt ¢), is
the marginal product of capital structures. The right hand side of the equation is
the date £+ 1 return on investments in capital equipment, which also consists of two
components. The first component, E; (¢:/qi+1) (1 — 0.), is the share of undepreciated
capital equipment carried over from the previous period multiplied by the expected
rate of change in the relative price of capital equipment. Since the relative price of
capital equipment is falling over time, KORV interpret the term E; (¢;/q:+1) as the
expected capital loss on undepreciated capital equipment. The second component,
qra141Gr, (¢t 1 X1 ng), is the marginal product of capital equipment. The vector
¢ contains the model parameters {ds, de, a, i1, A, 0, p, N0y Virs ©io, 2} and X; contains
the exogenous variables { ks, ket, hut, hst}. The parameter 7, will be defined shortly.

There are four simplifying assumptions made in this no arbitrage equation all
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of which are addressed thoroughly in KORV and in Ohanian, Violante, Krusell and
Rios-Rull (2000) (hereafter OVKR), which is a technical companion paper to KORV.
First, they assume that there is no risk premium, which means that we can ignore
the covariance between consumption and returns in the estimation. Second, they
assume that there is equal tax treatment of the two types of capital goods. Third,
they replace the expression E; (¢;/qii1) (1 — 0.) with (1 — 0.) ¢¢/qi1 + €1, where &
is the 7.7.d. forecast error, which is assumed to be normally distributed with mean
zero and variance n2, &, "< N (0,72) . Fourth, they assume that a,,, and ¢, are
known when investment decisions are made. Thus, ¢, is the only unknown.

The parameter vector ¢ in Equations 11-13 includes 15 parameters. Given the
small sample size at hand (33 observations) it seems appropriate to try and reduce
the dimension of this vector. This can be done by calibrating several of the param-
eters in advance of the estimation procedure. The calibration process is discussed
in detail in the Econometric Appendix.

Table 1 summarizes the calibrated parameters. The remaining parameters to
be estimated are {u, A\, 0, p, Vi1, Yiot- The benchmark model has no trend, so v,, =

Yot = 0 and ¢, is normalized to zero.

Table 1: Calibrated Parameters

a 56 53 Ne N Vst Vut 9050
0.1214 0.125 0.05 0.017 0.0185 O 0 0

4.3 Findings From the Estimated Model

The model is estimated using a two-stage, simulated pseudo-maximum likelihood

method.” Parameter estimates along with their exact standard errors are reported

9There is a brief description of this method in the appendix. See also KORV and OVKR for a
more thorough description of this method and its application to nonlinear, latent factor aggregate
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in Table 2 (standard errors are in parentheses).! The parameter estimates show
that the production function in Swedish industry is, in fact, characterized by strong
capital-skill complementarity. The substitution parameter ¢ is positive and signif-
icantly larger than the negative substitution parameter p. This study confirms the
findings of Bergstrom and Panas (1992) and Machin and Van Reenen (1998) who

also found capital-skill complementarity to be present in Swedish industry.

Table 2: Parameter Estimates.

o P Puo Iz A
0.4882 —0.3753 —1.2635 0.8280  0.8348

(0.0401)  (0.0048) (0.0895) (0.0055) (0.0045)

The elasticities of substitution are presented in Table 3. The elasticity of sub-
stitution between unskilled labor and capital equipment, Sy, is 1.95. This implies
that they are strong substitutes for one another in the production process. The
elasticity of substitution between skilled labor and capital equipment, Sy, , is 0.73,
which implies that they are complementary factor inputs. Both estimates are well
within the reasonable boundaries marked out in the empirical literature reviewed in

Hamermesh (1993).

Table 3: Estimated Substitution Elasticities.

_ 1 _ 1
Suke_ - Sske_ 1—p

1.95 0.73

production functions.
10These are the exact standard errors calculated with White’s (1994) formula as described in
Appendix 2 of KORV.
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Figure 7 shows us that the econometric model works quite well along all three
dimensions. The no arbitrage condition is fulfilled (on average). The wage-bill in the
model matches that found in the data quite closely and the average labor share of
income in the model is equal to that found in the data. The labor share of income in
the model falls slightly during the period, but it by no means matches the volatility

of the labor income share in the data.

no arbitrage condition
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Figure 7: Estimation Results From the Benchmark Model.

The model skill premium is shown in Figure 8. It matches the skill premium in
the data quite well. It captures both of the major trends found in the data. The
model produces a sharp downturn after 1970 and a sharp rise after 1983. Keep
in mind that the skill premium from the model is generated using the estimated
parameters from the structural model. The equation for the skill premium itself
was not estimated. Thus, we can conclude that the KORV model is able to predict
movements in the skill premium in Swedish industry quite well. This is done using
only observable data on quantities and prices of factor inputs.

Now that we have estimates of the model parameters, we can carry out the de-
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Figure 8: Simulated Skill Premium From the Benchmark Model.

composition experiment (described in Section 2.2.) in order to ascertain the quan-
titative importance of capital-skill complementarity in explaining movements in the
skill premium. The upper panels of Figure 9 show the relative quantity effect (RQ
effect) and the capital-skill complementarity effect (CSC effect). The sum of these
two effects are shown in the lower left panel of Figure 9. This sum is, in fact, a
good approximation to the growth rate of the model skill premium. The lower right
panel shows us the share of growth in the model skill premium due to the capital-
skill complementarity mechanism. It is clearly the dominant effect and explains (on
average) 63 percent of the changes in the skill premium in Swedish industry between
1967 and 1999. We also see that the importance of the capital-skill complementarity
mechanism is rising over time.

This is not to say, however, that changes in the capital stock alone are responsible
for 63 percent of the changes in the skill premium. It means that changes in the
ratio of capital per skilled worker are responsible for 63 percent of the changes in the

skill premium. There are, of course, two potential sources of change in this ratio. A
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Figure 9: Results From the Decomposition Experiment.

rise (fall) in investment in capital equipment will ceteris paribus raise (lower) this
ratio. While a rise (fall) in the number of skilled workers will ceteris paribus lower
(raise) this ratio. So, the impact of an increase in the number of skilled workers
on the skill premium is twofold in this model. It has a direct (negative) effect
through the RQ effect and a, perhaps, less obvious (negative) impact through the
CSC effect.!! Changes in capital equipment and unskilled labor each have only one
channel through which they can effect the skill premium, the CSC effect and the
RQ effect, respectively.

Each of these two effects can be decomposed (exactly) into two components by
setting the growth rate of one factor input to zero while allowing the other to move
with the data. For example, the CSC effect can be decomposed into two components
by first setting the growth rate of capital equipment to zero, while still allowing for

growth in skilled labor. Then, set the growth rate of skilled labor to zero and allow

T An increase in skilled labor has a capital thinning effect, while a decrease in skilled labor has
a capital deepening effect. In turn, the depth of capital affects firms’ demand for skilled labor.
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for growth in capital equipment. A similar decomposition can be made for the RQ
effect by first setting the growth rate of skilled labor to zero and then by setting the
growth rate of unskilled labor to zero.

Table 4 summarizes these results and shows us to what extent each factor input
is responsible for changes in the skill premium and through which channel it affects
the skill premium. On average, during the sample period from 1967 to 1999, 54
percent of the changes in the skill premium can be attributed to changes in the
quantity of skilled labor used in production. This impact on the skill premium was

through two equally important channels, the CSC effect and the RQ effect.

Table 4: Decomposition of Changes in the Skill Premium.

1967-1983 1983-1999 1967-1999

h ha, k.  Total hs hy k.  Total h ha, k.  Total

CSC effect  25% 0 32%  57% | 31% 0  39% 70% | 28% 0 35%  63%
RQ effect  30% 13% 0 3% | 22% 8% 0 30% | 26% 11% 0 37%

Total 55% 13% 32% 100% | 53% 8% 39% 100% | 54% 11% 35% 100%

Changes in the capital stock account for 35 percent of the changes in the skill
premium. Between 1967 and 1977 investment averaged 5.28 percent per year. This
dampened the effect of the large increase in skilled workers during this period.
Between 1977 and 1985, however, a large drop in investment in Swedish industry
lowered the skill premium pushing it to an all time low in 1983. After 1983, a rise in
effective capital inputs per skilled worker, due to increased investment, rising capital
utilization rates and to a slowdown in the growth of skilled labor, is responsible for
the rebound of the skill premium and the rise in labor income inequality in Swedish
industry. Changes in factor inputs influenced the skill premium through the capital-

skill complementarity mechanism.
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This is illustrated in Figure 10, which shows the cumulative impact of the CSC
and RQ effects upon the skill premium in Swedish industry between 1967 and 1999.
The RQ effect has had a significantly negative impact on the skill premium until the
early 1980’s. After which, it became more neutral. The CSC effect has had a more
varied impact on the skill premium. But, what is clear from Figure 10, is that the
rise in labor income inequality experienced in Swedish industry since 1983 is due

entirely to the capital-skill complementarity mechanism.

1.6 T T

E— CSC effect
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Figure 10: The Capital-Skill Complementarity Effect and the Relative Quantity
Effect.

4.4 Can We Use Aggregate Data to Explain the Skill Pre-

mium in Swedish Industry?

The KORV model is a general equilibrium model in which quantities of factor inputs
determine prices. This type of model is appropriate when applied to the whole
economy, but perhaps less so when applied to the industrial sector alone. The

potential problem is that different sectors of the economy may view relative prices
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(e.g. the skill premium) as exogenously determined in the aggregate economy and
simply choose their factor input mix accordingly.

To check the robustness of the empirical findings to this potential critique, the
experiment can be repeated using aggregate data on factor inputs from the entire
Swedish economy in order to explain movements in the skill premium in Swedish
industry.'> To implement this experiment, the vector of exogenous factor inputs,
X3, in the estimation equations 11, 12 and 13 is replaced by a vector of aggregate
factor inputs for the Swedish economy.!®

Table 5 shows us that the time series for aggregate factor inputs are, in fact,
highly correlated with their counterparts in Swedish industry. The aggregate capital-
skill ratio and the aggregate relative supply of skilled labor are also highly correlated
with their counterparts in Swedish industry. This should encourage us to believe
that such an experiment might be successful. As we shall see below, it is. Although

some of the details change, the main conclusions drawn above do not.

Table 5: Correlations Between Aggregate and Industry Variables.

corr(Ke, k) corr(Ks, ks) corr(Hsg, hs) corr(Hy, hy,)

0.96 0.88 0.96 0.56
corr(K./Hs, ke/hs) corr(H,/Hs, hy/hs)

0.83 0.98

The parameter estimates obtained from using aggregate data on factor inputs are

reported in Table 6. They do not differ in any significant way from those reported in

12The data set used in this experiment covers the period between 1970 and 1999, since data on
the aggregate number of skilled workers in the economy does not exist prior to 1970.

13 Another approach would be to replace X; in equations 11, 12 and 13 and recalculate the
dependent variables using aggregate data and using the skill premium from Swedish industry as a
proxy for the aggregate skill premium. The results of such an experiment are very similar to the
results from the experiment reported in this section.
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Table 3 above.!* The elasticities of substitution in the two experiments are nearly
identical (compare Tables 3 and 7). In Figure 11, we see that the new econometric

model performs well along all three of its dimensions.

Table 6: Parameter Estimates Using Aggregate Data

o P Puo M A
0.4880 —0.3961 —0.9638 0.8295 0.8544

(0.0711) (0.0083) (0.1602) (0.0062)  (0.0038)

Table 7: Substitution Elasticities.

1 1
Suke 1o Sske :rp

—0

1.95 0.72

The new model does a relatively good job of predicting movements in the skill
premium (see Figure 12). It captures the two main trends seen in the data; a sharp
fall in the skill premium after 1970 followed by an equally sharp rise starting in the
mid 1980’s. The new model actually does a slightly better job of predicting the
fall in the skill premium than the baseline model does. But, on the other hand, it
greatly overestimates the rise in wage inequality during the early 1990’s.

This large difference between the model skill premium and the data is being
driven by an extreme increase in the aggregate capital-skill ratio. The measured
increase in the data is most likely an exaggeration of the true development, given
that it occurred in the midst of the worst recession Sweden has experienced since

the Great Depression. The recession of the early 1990’s most likely led to both a

14The new estimates of p, o and X are significantly different from the estimates obtained in the
baseline experiment in a statistical sense. But, these differences do not appear to have a meaningful
impact on the development of the skill premium in the model.
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Figure 11: Estimation Results From the Model Using Aggregate Factor Inputs.
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Figure 12: Simulated Skill premium From the Model Using Aggregate Factor Inputs.
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lower capital utilization rate and to a temporarily higher number of hours worked

per employed skilled worker. If treated properly, both of these factors would lower

the measured capital-skill ratio, which, in turn, would dampen the increase in the

model skill premium and make it behave more similar to the skill premium in the

baseline model. Unfortunately, neither of these two corrections can be made given

the available aggregate data.
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Figure 13: The Capital-Skill Complementarity Effect and the Relative Quantity
Effect From the Model Using Aggregate Factor Inputs.

Table 8: Decomposition of Changes in the Skill Premium Using Aggregate Data.

1970-1983 1983-1999 1970-1999
h ha, k.  Total h ha, k.  Total h hy, k.  Total
CSC effect  21% 0 28%  49% | 25% 0 2% 67% | 24% 0 35%  59%
RQ effect  39% 12% 0 51% | 20% 13% 0 33% | 28% 13% 0 41%
Total 60% 12% 28% 100% | 46% 13% 42% 100% | 52% 13% 35% 100%

30



The importance of the CSC mechanism for explaining movements in the skill
premium over the entire sample period is somewhat lower than in the baseline ex-
periment (compare Tables 4 and 8). The overall importance of changes in the capital
stock, however, are the same. More importantly, the main conclusion from the base-
line experiment holds true this experiment as well. The rise in inequality experienced
in Sweden since the mid 1980’s is being driven mainly by an increase in the capi-
tal stock, which affects the skill premium through the capital-skill complementarity

mechanism (see Figure 13).

4.5 Does Capacity Utilization Matter?

Another important difference between this paper and KORV is the inclusion of
a variable for capacity utilization. The utilization variable is used to adjust the
stock of capital equipment towards a more accurate measure of capital services.
For it is the ratio of the effective units of capital equipment (capital services) to
skilled hours worked which drives the skill premium in the model not the ratio
of the available stock of capital equipment to skilled hours. Unfortunately, good
measures of capacity utilization in the aggregate economy are seldom available, hence
the exclusion of this variable from the original KORV study. In this Section, we
shall examine just how important this utilization adjustment is for the quantitative
experiment. We shall see whether or not the authors of KORV missed something
important by omitting the capacity utilization variable from their experiment.
This experiment is implemented by simply using the unadjusted measure of the
stock of capital equipment in Swedish industry as shown in Figure 5 in Section
3. Comparing the new parameter estimates shown in Table 9 with the baseline
estimates in Table 2, we see that the parameter estimates are unchanged. This, of
course, implies that the substitution elasticities in the two models are also the same.

The new model skill premium matches the two main trends just as well as before,
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but it has a somewhat lower fit with the data during the post-1983 era (compare
Figures 8 and 14).

Table 9: Parameter Estimates Without Capacity Utilization.

o P Puo M A
0.4882 —0.3771 —1.2636  0.8280 0.8353
(0.1021)  (0.0071) (0.2398) (0.0069) (0.0055)
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Figure 14: Simulated Skill Premium From the Model Without Capacity Utilization.

The most important result of this experiment is that the capital-skill comple-
mentarity mechanism explains a larger share of changes in the skill premium during
the post-1983 period than it does in the baseline experiment (see Table 11). The

opposite is true for the pre-1983 period. The importance of changes in the capital
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Figure 15: The Capital-Skill Complementarity Effect and the Relative Quantity
Effect From the Model Without Capacity Utilization.

stock also increases in the new experiment.

Table 11: Decomposition of Changes in the Skill Premium Without Capacity Utilization.

1967-1983 1983-1999 1967-1999

h ha, k.  Total hs hy k.  Total h ha, k.  Total

CSC effect  25% 0 22% 4% | 28% 0  4T% 7% | 2% 0 34%  61%
RQ effect  41% 12% 0 53% | 16% 9% 0 25% | 28% 11% 0 39%

Total 66% 12% 22% 100% | 44% 9% 47% 100% | 55% 11% 34% 100%

These results imply that KORV may have exaggerated the role of changes in the
stock of capital equipment somewhat when discussing what drives changes in the
skill premium. But, as we see in Figure 15, if we are only concerned with explaining
the rise in wage inequality in Swedish industry after 1983, then the main conclusion

from the baseline model still holds (albeit in a somewhat stronger version). In this
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experiment, we find that the rise in labor income inequality is due to increased
investments in capital equipment. This raises the capital-skill ratio and increases

the demand for skilled labor through the capital-skill complementarity mechanism.

4.6 The Role of Quality Adjusted Capital Equipment

A third important difference between this paper and KORV is that the data on
the stock of capital equipment in Sweden is not quality adjusted, since there is no
quality adjusted price index available. Figure 16 shows the relative price of capital
equipment in Sweden and the quality adjusted relative price of capital equipment
in the US. Both price indices fall during this period. It is this exogenous decline in
the relative price of capital equipment which increases investment in the model. In
turn, new investments in capital equipment increase the demand for skilled labor
and, hence, the skill premium. But, as we see in Figure 16, the quality adjusted
price index used in KORV falls much more rapidly than the unadjusted price index
used in this study. The purpose of the experiment presented in this Section is to
find out exactly how important this missing quality adjustment is for the results of
this study?

In order to examine this question, let us first assume that the law of one price
holds. Under this assumption, the difference between the two prices indices should
reflect the quality adjustment made in KORV. Thus, we can make an approximate
quality adjustment to the stock of capital equipment in Swedish industry by deflating
the time series for investments using the price index from KORV.

Figure 17 shows the capital-skill ratio in Swedish industry calculated using this
new, quality adjusted time series for the capital stock along with the original, un-
adjusted capital-skill ratio. It is interesting to note that the new time series has a

higher correlation with the skill premium than the original, unadjusted time series.'?

15The correlation coefficient between the unadjusted series and the skill premium is 0.79. The
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Figure 16: The Relative Price of Capital Equipment in Sweden and the US, 1967-

1999.

Figure 17: The Capital-Skill Ratio in Swedish Industry (Adjusted vs. Unadjusted),

1967-1999.
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Figure 18: Simulated Skill Premium From the Model With Quality Adjusted Capital
Equipment.
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Figure 19: The Capital-Skill Complementarity Effect and the Relative Quantity
Effect From the Model With Quality Adjusted Capital Equipment.
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Thus, the baseline experiment in this study can be viewed as a more stringent test
of the KORV model, since the use of quality adjusted capital stocks makes it easier
for the model to explain movements in the skill premium (at least when capital-skill
complementarity is present in the production process).

The new parameter estimates and substitution elasticities can be seen in Tables
12 and 13, respectively. There are a number of significant changes. The most striking
is that the elasticity of substitution between skilled labor and capital equipment is
lower, which implies a stronger degree of complementarity. The new estimate is

nearly identical to the estimate reported in KORV.!¢

Table 12: Parameter Estimates With Quality adjustment.

o P Puo M A
0.4869 —0.4683 —0.5276 0.7542 0.6371
(0.0471) (0.0861) (0.2663) (0.0187) (0.0416)

Table 13: Substitution Elasticities.

_ 1 _ 1
Suke_ 1—o Sske_ 1—p

1.95 0.68

Once again, the econometric model works well along all three dimensions. The
model does a very good job of predicting changes in the skill premium. In fact,
it appears to do a slightly better job than the baseline model (compare Figures
8 and 18). But, does this quality adjustment change the conclusions from the

baseline model? Examining Table 14 and Figure 19, we see that it does not. The

correlation coefficient between the adjusted series and the skill premium is 0.89.
16Their estimate is 0.67. Their estimate of the elasticity of substitution between unskilled labor
and capital equipment is 1.67.

37



main conclusions arrived at in the baseline model carry through unchanged to this

specification of the model.

Table 14: Decomposition of Changes in the Skill Premium With Quality Adjustments..

1967-1983 1983-1999 1967-1999

h ha, k.  Total h ha, k.  Total hg I k.  Total

CSC effect  31% 0 22%  53% | 30% 0 36% 66% | 31% 0 29%  60%

RQ effect  32% 15% 0 7% | 24% 10% 0 34% | 28% 12% 0 40%

Total 63% 15% 22% 100% | 54% 10% 36% 100% | 59% 12% 29% 100%

4.7 Interpreting Skill-Biased Technological Change as Capital-

Skill Complementarity

Katz and Murphy (1992) developed a simple model of supply and demand, with a
trend in the demand for skilled labor, to explain movements in the skill premium in

the United States. They ran the following OLS regression

D,
In7m, = 0.7091n (—) +0.033t + ¢ (14)
(0.150) s (0.007)

with an R? = 0.52. Their estimate of o implies an elasticity of substitution between
skilled and unskilled workers, S5, of about 1.41 and they conclude that the demand
for skilled labor has been increasing by 3.3 percent per year.

Hypotheses concerning international trade and changes in the industrial struc-
ture, which could possibly explain this increasing demand for skilled labor, have
been tested and found to be of little quantitative importance (Katz and Murphy,
1992; Bound and Johnson, 1992). Instead, this trend component has been labeled as

either skill-biased technological change or as an (unobserved) increase in the relative
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quality of skilled labor.

In more recent work, KORV demonstrated that the Katz and Murphy estimates
imply an increase in the relative quality of skilled labor of about 11 percent per
year. They argue that there is no support in the data for such an extremely large
relative quality increase. Instead, they interpret this trend as a proxy for the omitted
capital-skill complementarity mechanism. In turn, this mechanism can be viewed as
an explicit interpretation of skill-biased technological change.

Running a Katz and Murphy style regression on the data from Swedish industry
results in

Inm =c+ 0.1641n (h,/hs) + 0.010¢ (15)
(0.014) (0.001)

with an B = 0.82. This simple supply-side plus trend model produces an extremely
good fit and the variables are cointegrated. The estimate of o, however, implies
an elasticity of substitution between skilled and unskilled labor of 6.10, which is
an extremely high value when compared with the empirical literature reviewed by
Hamermesh (1993). It is more than three times the size of the estimate reported in
Table 3.

The good fit of this simple Katz and Murphy style model is due to this large
elasticity of substitution and to the fact that there are only two major trends in
the time series data for the Swedish skill premium: a fall after 1967 and a rise after
1983. Thus, we need only pick a combination of substitution elasticity and trend to
make this simple model match the data. We can pick either an extremely large trend
(which we have no direct evidence of) or an extremely large substitution parameter
(which the data refutes).

The purpose of this Section is to examine whether or not the trend in Equation 15
can, in fact, be interpreted as a proxy for the missing capital-skill complementarity
variable. To do this, let us rerun the OLS regression in Equation 15 using the

simulated skill premium from the benchmark KORV model, 7;, instead of the actual
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skill premium from the data. The results from this regression are

In7m; = ¢+ 0.0551n (h,/hs) + 0.003t (16)
(0.004) (0.000)

with an R° = 0.89.

In this experiment, we know for a fact that the simulated skill premium is gener-
ated by the relative quantity effect and the capital-skill complementarity effect with
no help from any exogenous, positive trend in the demand for skilled labor. Despite
this, the new estimation of the Katz and Murphy model works just as well as it
did before in Equation 15, with a positive and significant coefficient on the trend
variable.

Adding the CSC effect to the model in Equation 16 generates

In7, = ¢+ 0.0361n (hu/hs) + 0.066 In(csc) + 0.0009¢ (17)
(0.004) (0.009) (0.0003)

with an & = 0.96. In Equation 17, we see that the inclusion of the CSC effect
reduces the explanatory power of the trend variable by a factor of three. In fact, if
the two equations are estimated in levels (as opposed to logs), then the coefficient
on the trend turns from significantly positive to insignificantly negative after adding
the CSC effect. The explanatory power of the trend in Equation 16 is mainly due to
its high correlation with the CSC effect.!” It is not due to any inherent explanatory

power of the trend. Removing the trend from Equation 17 results in

In7, = ¢+ 0.0261n (hu/hs) + 0.088 In(csc)
(0.001) (0.006)

with an & = 0.95. Thus, the trend used in the Katz and Murphy style model in

Equation 15 could be interpreted as a proxy for the omitted capital-skill comple-

17The correlation coefficient between the trend variable and the CSC effect is equal to 0.51.
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mentarity variable, which is viewed here as an explicit interpretation of skill-biased
technological change.

An alternative version of the KORV model, which allowed for both capital-skill
complementarity and a positive trend in the relative efficiency of skilled workers, was
also estimated. This alternative model did well along two dimensions; predicting the
labor share of income and meeting the no arbitrage equation. But, it did quite poorly
in matching the wage-bill ratio and, more importantly, in predicting movements in

the skill premium.!®

5 Conclusion

The goal of this study has been to increase our understanding of the causal mech-
anisms underlying rising income inequality in Sweden. The main conclusion of this
study is that the rise in income inequality in Swedish industry is being driven by
capital-skill complementarity. Increased investments in new capital equipment, to-
gether with a higher rate of capital utilization and a slowdown in the growth rate
of skilled labor, have raised the ratio of effective capital inputs per skilled worker,
which, in turn, has increased the relative demand (and market return) for skilled
labor through the capital-skill complementarity mechanism. A clear connection
between macroeconomic developments and income inequality has been established
which shows that investments in capital equipment and higher education affect the
structure of relative wages.

Previous research has shown that the capital-skill complementarity mechanism
illustrated in this paper can also be used successfully to help us understand increas-

ing wage dispersion (Caselli, 1999) and the behavior of the skill premium over the

¥ This model was estimated over a grid of trends, 7,,, between 1 and 10 percent. This grid
was necessary to prevent estimates of v,, from exploding. In this experiment, the larger the trend
became the worse the model worked. The benchmark model outperformed all of these models in
its ability to predict movements in the skill premium.
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business cycle (Lindquist, 2002). Together, these and other studies, allow us to con-
clude that capital-skill complementarity is an important ingredient in a successful,
competitive theory of relative wages and that such a theory can, in fact, help us to
understand changes in the structure of relative wages.

We should also consider the possibility that factor prices and quantities, which
have been shown to affect wage inequality, may themselves be affected by political
and economic institutions. Blau and Kahn (1996), for example, argue that labor
market institutions are crucial for explaining the differences in the level of wage
inequality between the US and Sweden. Rising wage inequality experienced in both
the US and Sweden since the mid 1980’s has not changed the fact that the US
has a higher, overall level of wage inequality. This level difference has remained
surprisingly constant over the past two decades.

If this level effect is, in fact, driven by institutions and does not simply reflect
market forces and differences in the characteristics of these two labor forces (e.g. the
fact that Sweden has a more equal distribution of education in the population than
the US), then there may be a deeper set of explanatory variables underlying income
inequality. Thus, if we want to further our understanding of income inequality, then
we should try and understand the importance of institutional forces which influence
investments in capital and education. We should also examine how institutions and
optimal contracts respond to changes in technology and to secular changes in the

supply of different types of labor.
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A Data Appendix

A.1 The Skill Premium

The skill premium used in this study is the ratio of the monthly salary of a skilled
worker to that of an unskilled worker. The skill premium is for male employees in
Swedish mining, manufacturing and construction (SNI 2, 3 and 5). These salaries

are reported as full-time equivalents (see SCB1).
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The definition of skills used in this paper is one based on educational attainment.
A skilled worker is defined as a full-time employee who has 3 or more years of post-
secondary education. An unskilled worker is defined as a worker who has at least
three years of secondary education. These categories are roughly equivalent to US
college- and high school graduates, respectively.

For the years 1967 to 1991, these figures were taken from Fredriksson (1997).
For the years 1992 to 1999 the figures are taken from Statistics Sweden’s yearly

publication, Salaries for Employees in the Private Sector (SCB10).

A.2 Labor Inputs

We do not have a direct measure of the total number of hours worked by skilled and
unskilled labor in SNI 2, 3 and 5. Total hours worked by skilled workers, h,, are
calculated by multiplying the number of skilled workers in these sectors, ny;, by the
average weekly hours worked by a skilled worker, h, which is then multiplied by 45
weeks

he: = 45n hs.

We do have figures on the total number of hours worked, h;, in these sectors. These
are taken from the Swedish National Accounts (SCB2, SCB3, SCB4). The hours of
unskilled workers, h,;, are calculated by subtracting A, from h;. Thus, all variation
in hours worked per person is done by the low skilled.

According to Statistics Sweden (SCB5), university educated workers have worked
roughly 39.25 hours per week from 1975 to 1995. There has been little or no variation
in this number during this time period, so h, = 39.25.

The number of skilled workers in these sectors for the years 1972 to 1999 can be
taken from Statistic Sweden’s Arbetskraftsundersikningen (AKU) (SCB6). Skilled
workers are defined as those workers who have three or more years of post-secondary

education. The figures on skilled workers for the years 1967 to 1971 are taken from
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Loner och Sysselsdttning inom Privat Sektor (SCBT). Here, we can only find workers
with completed degrees. As such, the level of this time series is somewhat lower than
in the AKU time series. These two time series are spliced together by looking at the
yearly percentage change in the first series and then using these observed changes in
order to extrapolate backwards from 1972. In doing this, the level between 1967 and

1971 is adjusted upwards, while the year to year change in this series is preserved.

A.3 Capital Stocks

Values for capital equipment (machinery) and capital structures (buildings) can
be found in the Swedish National Accounts published by Statistics Sweden (SCB4,
SCB8, SCBY). Statistics Sweden changed their reporting methods for capital stocks
in 1980. This change created a drop in the level between the series k197 1931 and
k1980-1999- To correct for this downward shift due to the change in methodology, we
can take the two overlapping observations for 1980 and 1981 in order to calculate
an adjustment weight. Then we can correct for this level shift by multiplying the

old series with the adjustment weight. This gives us

ke1967—1999 = 0.7757 * ke 1967—1979 © 1 * ke 19801999

s 10671099 = 0.9448 * Ky 19671979 1 1 * ks 19801999

The splicing together of these two time series should not be problematic, since we
are mainly interested in changes in the capital stock from year to year and not in

the level of the capital stock.

A.4 Capacity Utilization

Figures on capacity utilization between 1980 and 1999 for Swedish mining and man-

ufacturing (SNI 2 and 3) have been supplied by Statistics Sweden. Earlier years
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have been taken from Lindquist (1991).

A.5 Value Added

The measure of output used in this paper is total value added (in factor values) for
SNI 2, 3 and 5 reported in 1991 prices. These figures are taken from the Swedish
National Accounts published by Statistics Sweden (SCB2, SCB3, SCB4).

A.6 Price Indices

Prices indices for capital structures, capital equipment and consumption are taken

from AMECO (a European Commission Database).

B Econometric Appendix

Due to the latent nature of the labor efficiency indicators, the econometric model

has a nonlinear state-space structure of the following form

Zy = [ (s, Xu50) + & (18)

©; = Qg + Y + @t (19)

The function f (-) consists of the three measurement equations, Equations 11 - 13.
The vector Z; is (3 x 1) vector containing the income share of labor, the wage bill
and the difference in the rates of return on the two types of capital. The efficiency
indicator, v, is a (2 x 1) vector and X; is the set of factor inputs. The shocks &,
and w; are (3 x 1) and (2 x 1) vectors, respectively. The first two rows of the vector
¢ are comprised of zeros, since €; does not enter into Equations 11 and 12.

There are several simulation-based estimation techniques suitable for estimat-

ing the parameters of this nonlinear state-space model. Three such approaches are
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investigated in OVKR; numerical and stochastic integration, extended Kalman fil-
ter with indirect inference correction, and simulated pseudo-maximum likelihood
(SPML)." After conducting a number of Monte Carlo experiments, they compare
the performance of these three alternative estimators given the particular model
specification with trend stationary, latent state variables and a small sample size
of 30 observations. They conclude that under these conditions the SPML method
performs best in terms of precision and computational efficiency. They therefore
adopt the SPML method.

This method hinges on X; being strongly exogenous. Assuming that the stocks
of capital equipment and capital structures are exogenous does not appear to be
problematic. For even if current investments may be correlated with the shocks
to labor productivity, the stock variables, themselves, move slowly over time and
should not be correlated with contemporaneous shocks to labor productivity. There
is, however, reason to believe that hours worked and employment may be correlated
with shocks to labor productivity. In order to address this potential endogeneity
problem, a two-stage SPML method is adopted for estimating the model parameters.

In stage one, hours worked by skilled- and unskilled workers are treated as en-
dogenous variables. They are regressed onto a constant, current and lagged k.,
current kg, lagged ¢;, lagged hg and h,; and a measure of total factor productivity.
The fitted (instrumented) values of labor inputs are then used in the second stage
of the estimation algorithm, which is described in detail in both KORV and OVKR.

The parameter vector ¢ (in Equation 18) includes 15 parameters. Given the small
sample size at hand (33 observations) it seems appropriate to try and reduce the
dimension of this vector. This can be done by calibrating several of the parameters
and making some simplifying assumptions. First, the depreciation rates 05 and o,

are calibrated to equal 0.05 and 0.125, respectively. These values are the same as

For an overview of these types of simulation-based econometric methods see Gouriéroux and
Monfort (1996).
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those used by Statistics Sweden (SCB) in producing the estimates of the two capital
stocks used in this paper. They are also identical to those used in KORV. The
income share of structures, «, is calculated from the data as the average of the

yearly income share of structures under the assumption of equal returns, i.e. r. = r;

1999
1 (TS + 55) kst
~ 22 1-6,)| =0.1214 20
! 33 tzlzg;:G'? |:(TS + 58) kst + (Te + (55) ket ( t) ( )

where 6, is the labor share of income at time ¢.2°

The parameter 7, is estimated as (1—0.) times the standard error of the residuals
of an ARM A(1,2) model of ¢;11/q:. The estimated equation has an R’ = 0.65 and
0. = 0.019. So that 7, equals 0.017.

The dimensionality of ¢ can be reduced further by assuming that the covariance
matrix = 12 I,. Under this assumption, labor shocks have identical variance and
zero covariance. The parameter 7, = 1_, = 1, is estimated in the following way.
First, the parameters 7_, and 7_, are estimated separately as the standard errors
from an ARMA(4,4) process for skilled labor inputs and an ARM A(4,3) process
for unskilled labor inputs. Both equations have R’ = 0.99. The standard errors
of these two equations are made comparable by dividing each by the mean of the
appropriate dependent variable. This results in 7, = 0.018 and 7, = 0.019.
Thus, the assumption that n, = n_, = 1., appears to be a reasonable one and 7,
is set equal to 0.0185. The correlation coefficient of the residuals from these two
forecasting equations is equal to 0.03. As such, the assumption of zero covariance
between the shocks to labor efficiency appears plausible as well.

The calibrated parameters are summarized in Table 1. The remaining parameters

to be estimated are {u, A, 0, p, v, Yo} The benchmark model has no trend, so

20To test the sensitivity of the results from the benchmark model to changes in «, an alternative
experiment was run which allowed for r. = 6 percent and rs = 4 percent, resulting in o = 0.0809.
This alternative calibration did not change the results of the benchmark model in any significant
way.
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Yot = Yur = 0 and ¢, is normalized to zero.

There are two potential sources of estimation bias associated with the SPML
estimator. The first is an approximation bias due to the fact that the original
likelihood function is replaced by an objective function constructed from several
moments of the dependent variables. The second is a simulation bias since the true
moments have been replaced with simulated ones. A third source of estimation bias
comes from the fact the we are dealing with a small sample consisting of only 33
observations.

Laroque and Salanié (1989) have shown that SPML estimators, such as the ones
used above are, in fact, free from approximation bias and that the SPML estimator
is consistent and asymptotically normal (see also Gouriéroux and Monfort, 1996).
Their results, however, are asymptotic and are applicable to stationary environments
only. Here, we have a nonstationary environment with trends in the latent variables
and in the times series for factor prices and quantities. Furthermore, the sample
used here is to small to rely upon asymptotic results.

These complications have been dealt with quite thoroughly in OVKR. In this
paper, they use Monte Carlo techniques to analyze the small sample properties of the
SPML estimator. They find that when the latent process is trend stationary, there is
very little mean and median bias in the estimated parameters of the model even when
the number of simulations performed is as low as 10. Simulating the model 50 times,
they find that the mean bias is essentially zero for they key curvature parameters o
and p. The parameter estimates in this paper are based on 500 simulations of the

model.

51



