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Abstract

This paper challenges the common view that skill-biased technological change boosts
wage inequality. In a multi-sector economy, relative wages depend not only on relative
productivities but also on relative goods prices. If ther are complementarities between
goods that do not benefit greatly from technological innovations and other goods
whose production costs fall in the course of technical progress, the relative price of
these “low-tech” goods rises. If the production of these “low-tech” goods is intensive
in the use of unskilled labor, unskilled workers benefit from this increase in the relative
goods price.

This paper presents a simple two-sector, two-factor model of perpetual exogenous
skill-biased technological change. The model is able to explain the increase in wage
inequality in the 1980s and the subsequent stabilization of the wage structure in the
1990s.
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1 Introduction

The aim of this paper is to show that perpetual skill-biased technological change (SBTC)
does not necessarily lead to ever-increasing wage inequality, even if wages and prices
are perfectly flexible and labor supply cannot react to changes in labor demand. Under
plausible assumptions, skill-biased technological change is shown to lead to a rise and
subsequent fall in the skill premium, a pattern that is consistent with the actual evolution
of wages in the 1980s and 1990s.

The recent consensus seems to be that technological change has been “skill-biased” for
the past several decades in that productivities of more skilled workers have increased more
rapidly than those of less skilled workers. The rapid spread of computers in workplaces
has been cited as the example of changes in technology that boost productivities of skilled
workers while leaving the productivities of the unskilled virtually unaffected. This “skill-
bias” in technological change has received so much attention because—allegedly—it leads
to increasing wage inequality. If workers are paid according to their productivities, the
argument goes, changes in relative productivities must imply changes in relative wages.!
A natural question arising from these considerations is: What will happen, if technological
change continues to be skill-biased? Gregg and Manning (1997) are quite pessimistic about

the long-run prospects for unskilled workers:

“As there is no reason to think that these trends will not continue into the
future, it must be anticipated that the labour market position of the unskilled

will continue to deteriorate.” (Page 1176)

Similarly, Nahuis and de Groot (2003) argue that ...

“... an obvious conclusion is that the demand for skill will continue to grow
and that the supply of skill can no longer accommodate this in the near future
due to the simple fact that talent is limited by nature and that the cost of

increasing the supply of skills further increases exponentially.” (Page 8)

In this paper, I show, that these views are overly pessimistic. Even if technological change

continues to be skill-biased for ever, if wages and prices are perfectly flexible, and if the

If the elasticity of substitution between unskilled and skilled labor is larger than 1, skill-biased labor-
augmenting technological change implies that the wage for skilled labor increases faster than the wage for
unskilled labor. Attempts have been undertaken to estimate the elasticity of substitution between unskilled
and skilled labor. The majority of these estimates are between 1 and 2. See eg Autor, Katz, and Krueger
(1998) who argue that a consensus estimate is a value around 1.5. These findings have led to the conclusion
that skill-biased technological change necessarily boosts wage inequality. Levy and Murnane (1992) and
more recently Gottschalk and Smeeding (1997) survey the empirical literature on this subject. For a survey
of theories of growing earnings inequality, see Section 3 in Aghion, Caroli, and Garcia-Pefialosa (1999). For
a discussion of the “European Case” where supposedly skill-biased technological change leads to increasing

unemployment rather than increasing wage inequality, see the conclusion.



supply of skills is fixed, wage inequality will most likely not increase without bounds. Pro-
duction factors are paid according to their marginal value which is marginal productivity
times the output price. If more than one good is produced and workers with different skills
have different comparative advantages in production, the effects of technological change
on output prices become relevant. And if final goods are not easily substitutable, tech-
nological change has considerable effects on relative goods prices so that workers who do
not benefit directly from technical progress via productivity gains can benefit indirectly

via induced changes in goods prices.

The more recent literature on wage inequality and skill-premia concludes that the
wage structure has indeed stabilized or even narrowed during the 1990s despite continuing
or even accelerating advances in computer technology in the course of the IT-led new

economy boom:

“A key problem for the SBTC hypothesis is that wage inequality stabilized in
the 1990s despite continuing advances in computer technology.”
Card and DiNardo (2002), page 733.2

“Our results for the 1990’s suggest that ... the rapid growth in the relative
wages for college graduates has slowed significantly or in some cases may have
even stopped since about 1994.”

Murphy and Welch (2001), page 343.

“Technological change in the 1990s, especially the late 1990s has not adversely
affected low-wage workers. This calls into question whether the adverse wage
trends for low-wage workers in the 1980s was due to non-technical factors.”
Mishel and Bernstein (2001), page 4.

More evidence on the narrowing of the wage structure in the 1990s is given in Bernstein
and Mishel (1999) or Katz (2000). Machin (2002) and Prasad (2002) obtain corresponding
results for the evolution of the wage structure in the UK in the 1990s.® Some of these
papers call into question the role of technological change for the evolution of the wage
structure in the 1980s and 1990s (Card and DiNardo (2002) and Mishel and Bernstein
(2001)). Others (Murphy and Welch (2001)) hypothesize that increased supply of skilled

workers in the 1990s has compensated the skill-bias in labor demand:

“The story we prefer is one of relatively stable growth in the demand for

2Daly and Valletta (2003) find very similar results using data from the Panel Study of Income Dynamics
(PSID) while Card and DiNardo calculate their measures of wage inequality from the Current Population

Survey (CPS).
3Dickens and Ellwood (2001) and Nickell (2004) study income inequality and poverty in general. They

also find a sharp rise until 1992 and stabilization thereafter.
The evolution of the wage structure in Continental Europe has been somewhat different but also harder
to interpret because a variety of constitutional frictions keep wages from adjusting to changes in supply

and demand.



educated workers over the past three decades with fluctuating supply growth

generating the observed pattern of changes in wage premiums.” (Page 345)

This latter view is hard to reconcile with the empirical evidence. Autor, Katz, and Krueger
(1998), eg, report changes in the relative supply of skilled workers over the past several
decades. The number of college graduates relative to the number of high school graduates
and dropouts has risen sharply in the 1970s and only moderately in the 1980s which is
consistent with Murphy and Welch’s story. But during the 1990s, the growth rate of
the relative supply of college vs. non-college graduates has fallen further (see Table 1)
while the skill-premium—depending on how it is measured—has been rising more slowly
or even been falling. This implies that the skill-bias in technological change has either

faded or—for some reason—has not translated into a skill-bias in labor demand.

Table 1: Changes in the Skill Composition of U.S. Employment, 1940 - 1996

Change in college /noncollege

log relative employment

1940-1950 2.14
1950-1960 3.43
1960-1970 3.00
1970-1980 4.69
1980-1990 2.88
1990-1996 1.51

Source: Autor, Katz, and Krueger (1998), Table 1.

This paper presents a model in which technological change continues to be skill-biased, but
this skill-bias in technology does not translate into a perpetual skill-bias in labor demand.
The theoretical results of this paper are consistent with the actual evolution of the skill-
specific wage structure of the 1980s and the 1990s. Initially, skill-biased technological
change has a skill-biased effect on labor demand (resulting in rising skill-premia), but as
technological change continues to be skill-biased, the skill-bias in labor demand dies down

(and the wage structure stabilizes).

The reason for this seemingly unintuitive result is that labor demand depends not only
on labor productivity but also on the output price of the good that is being produced. In
multi-sector economies, relative wages are therefore determined not only by relative pro-
ductivities but also by relative goods prices. In this setting, the degree of substitutability
in consumption demand is as important for the effects of technological change on relative

factor prices as the degree of substitutability in factor demand.

The effects of skill-biased technological change have mostly been studied within the



framework of one-sector models where the level of the output price is irrelevant.® This

simplification is “innocent” if one of the following two requirements is met:

1. Technological change has the same effect on all sectors (so that relative goods prices

are not affected by technological change) or

2. all sectors produce with the same relative factor intensities (in which case relative

goods prices have no effect on the relative factor price).

I argue in this paper, that in reality neither requirement is met. Technological change
affects different sectors differently (think of services vs. ICT) and factor intensities differ
across sectors. If there are complementarities between the goods from these different
sectors, the relative price of the “low-tech” goods rises in the course of technical progress.
If the sectors that benefit relatively more from technical progress are skill-intensive, the
rise in the relative goods price may offset the decline in relative productivities so that
the relative wage—which is the product of both—may rise. I show in this paper that
if the elasticity of substitution between “high-tech-skill-intensive” and “low-tech-unskill-
intensive” goods is at most equal to 1, the rise of the relative price of the low-tech good
rises offsets the fall of the relative productivity of unskilled labor falls in the long run and

the wage structure stabilizes.

Leamer (1996), Leamer (1997), Slaughter and Haskel (1999), Haskel (2000), and Haskel
and Slaughter (2002) study the effects of technological change on the wage structure in
multi-sector economies. Leamer considers a two-sector economy in an environment with
technological change and foreign trade. Leamer’s analysis differs from mine in several
respects: He considers a small open economy where goods prices are exogenous while in
this paper, the endogenous reaction of goods prices to technological change is crucial for
the effects on factor prices. Furthermore, he restricts the analysis to a Leontief technology
where factors are perfect complements. In contrast, I consider substitutability between

5 The focus of Leamer’s

production factors in accordance with the empirical evidence.
paper differs from this paper in that he is “in search for Stolper-Samuelson effects on
wages”. He studies the effects of trade (and technology) on factor prices which is why
he needs goods prices to be exogenous. Slaughter and Haskel (1999) and Haskel (2000)
study the relative importance of sector-bias and factor-bias of technological change in
affecting the skill-specific wage structure. They derive conditions under which the factor-
bias is irrelevant and the evolution of skill premia is determined by the sector-bias of

technological change. These conditions are essentially

e a high degree of substitutability between the two final goods (machinery and apparel),
e a high degree of complementarity between unskilled and skilled labor, or

e the existence of a non-traded sector.

“See for example Acemoglu (2002).
5See, eg, Autor, Katz, and Krueger (1998).



They show that under either of these assumptions, technological change that is biased in
favor of the skill-intensive sector leads to rising wage inequality irrespective of a factor
bias. Haskel and Slaughter (2002) conclude that the evolution of skill premia in the 1970s
and 1980s can be explained by technological change that was generally concentrated in
unskill-intensive sectors in the 1970s and in skill-intensive sectors in the 1980s. Their
study does not cover the 1990s when skill premia stabilized despite continuing technical

progress in the skill-intensive sectors during the IT-led new economy boom.

Quite contrary, I argue in this paper that technological change that is concentrated in
the skill-intensive sector and favors skilled labor will under plausible assumptions lead to

a rise and a subsequent fall in skill premia. These “plausible assumptions” are

e complementarity between the final goods (elasticity of substitution in consumption de-
mand smaller than or equal to 1)% and
e substitutability between unskilled and skilled labor (elasticity of substitution in factor

demand larger than 1)7.

In a recent paper, Kongsamut, Rebelo, and Xie (2001) also consider the dynamics of
sectoral factor reallocation in a multiple-sector growth model but with capital and labor as
the two factors of production. While in my paper the driving force for factor reallocation
is the differential in productivity growth, in their paper, sectoral factor reallocation is
triggered by growing income and different income elasticities in the demands for different
goods. As consumers become richer, their demand for agricultural goods grows less than
proportionately while the demand for services grows more than proportionately.® Both
these effects are probably at work in the “real world” and both lead to employment growth

in services relative to manufacturing and agriculture.

In this paper, I focus on the long run prospects of unskilled workers in the presence of
skill-biased technological change. I show that in multi-sector economies where technical
change affects different sectors differently, skill-biased technological change does not nec-
essarily lead to ever increasing wage inequality. If there are complementarities between
the products from these different sectors, the relative price of the “low-tech” goods rises in
the course of technical progress. If the “low-tech” sectors are unskill-intensive, the rise in
the relative goods price may offset the decline in relative productivities so that the relative

wage of unskilled workers—which is the product of both—may rise.

The remainder of the paper is organized as follows: In Section 2, I give a short illus-

6The idea is that a higher level of aggregation implies a lower level of substitutability. Different sorts
of apples (Golden Delicious vs. Granny Smith) are fairly close substitutes. Apples in general vs. oranges
are still quite close substitutes but not as close as different sorts of apples. If we increase the level of
aggregation (fruit in general vs. vegetables, food in general vs. books, services vs. (other) goods) the
degree of substitutability declines. I consider in this paper only 2 goods: services and (all other) goods.
Therefore, I assume that the elasticity of substitution in consumption demand is at most equal to 1.

" Autor, Katz, and Krueger (1998) argue that a consensus estimate is a value around 1.5.
8Kongsamut, Rebelo, and Xie (2001) also restrict services to only those that require no skills and are

partly done by everyone in home production.



tration of the argument of this paper using the example of hairdressers (whose wages grow
despite the absence of productivity gains). In Section 3, a simple two-sector, two-factor
model of exogenous technological change is developed. Within this basic model, the short-
and long-run effects of skill-biased technological change are discussed in Section 4. Section

5 discusses the results and concludes.

2 Hairdressing: An Illustrative Example

“Hairdressing has been the unnoticed miracle industry of the past decade,
growing faster than any other UK sector. According to the Labour Force
Survey, the number of hairdressers grew more than 300 per cent between 1992
and 1999. That was more than three times the growth of consultants and half

as fast again as that of software engineers. ...

However, the success of hairdressers is at odds with everything we have been
led to believe about successful sectors. First is the belief that to do well you

must be innovative or have exploited technological change.”

(Lucy Kellaway in the Financial Times, Jan 7, 2002)

How can this apparent puzzle be explained? Ms Kellaway reckons that people are just
stupid enough to pay a too high price for a bad service. This hints into the direction of
irrational behavior. With the model presented in Section 3, this puzzle can be explained
within the standard framework of rationally behaving agents in perfectly functioning mar-
kets. How can the hairdressing trade thrive without being innovative or exploiting tech-
nical progress? Hairdressing can thrive only if it can attract hairdressers by paying them
competitive wages. And indeed, as can be seen from Figure 1, the wages for hairdressers in
West Germany, eg, have increased even faster than the average wage over all occupations
between 1992 and 1999.° But how can the wages of hairdressers grow in the absence of any
noteworthy gains in labor productivity? The reason for this increase in the relative wage
and the relative size of the hairdressing sector is of course that haircuts are complements
rather than substitutes to other goods (which benefit from technical progress). If haircuts
could be substituted for easily by computers, the increase in the relative production costs
of haircuts would drive them out of the market. But consumers want both, computers and
haircuts. And as their incomes rise, they are willing to pay more and more for a haircut.
Accordingly, hairdressers cannot be substituted for by computer engineers. Therefore, the
lack of productivity gains does not harm their relative position. They benefit from the

increase in the relative price for haircuts which translates into a higher wage.'?

90ver the past 42 years, the average rates of wage growth have been 5,9% p.a. for hairdressers and

5,8% p.a. for all sectors.
The hairdressers’ (hourly) wage is equal to the price for a haircut times the hairdresser’s pro-

ductivity (number of haircuts per hour): wagehairdresser = Pricehaircut - Productivitynairdresser- A

computer engineer’s wage, eg, is equal to the price of a computer times the engineer’s productivity:



Hourly Wages: Hairdressing vs. all Sectors
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Figure 1: Index of hourly standard wages in West-Germany (1991=100). Source: Statis-

tisches Bundesamt.

In this example, it is rather obvious that the relative wage of hairdressers does not
only depend on their relative productivity but also on the relative price of haircuts. The
point of this paper is, that—more generally—the relative wage for unskilled labor depends
not only on the relative productivity of unskilled workers but also on the relative price of

the goods in whose production unskilled workers have their comparative advantage.

3 The Basic Model

I study the general equilibrium of an economy with two consumption goods i = 1,2 (eg,
services and manufactured goods) which are produced using two factor inputs j = 1,2
(eg, unskilled and skilled labor). Both types of input factors are supplied by a continuum
of homogeneous consumers. Both consumption goods are produced by a continuum of
homogeneous firms. Consumers and firms act as price-takers on input and output markets.

Technological change is exogenous and factor-augmenting. The model is essentielly static.

WaG€engineer = PriCcomputer - Productivityengineer. Accordingly, the relative wage is equal to the rel-

ative productivity times the relative goods price.

WAag€hairdresser _ pricehai'rcut prOdUCti77ityhairdresser
wageengineer pricecomputer pTOdUCtivityengineer

The relative productivity of hairdressers can be expected to fall further in the future but as long as the
relative price of haircuts increases fast enough relative to the price of computers, their relative wage does
not fall. The effect of changes in relative productivities on relative goods prices depends on the elasticity

of substitution in consumption demand.



Neither capital investment nor R&D activities constitute links from one period to the

next. The only source of change over time is exogenous technological change.

3.1 Firms

In each sector ¢ = 1,2, firms produce consumption good ¢ using both factor inputs j = 1, 2.
The production technology in sector ¢ at time ¢ is given by the following production

function:!!

n:Z(eij-eM't-lin, O<a<l. (1)

Jj=1

l;; is employment of factor j in industry i. A;; reflects the evolution of productivity of
factor j in sector 7 over time t. While \;; accounts for differences in the speed of factor
productivity growth, 6;; accounts for differences in factor productivity that are constant
over time.'? The elasticity of substitution between the two inputs is { = ﬁ > 1. 1
restrict the analysis to substitution elasticities larger than one because (i) this is the case
where—allegedly—factor-biased technological change leads to an increase in factor price
inequality, (ii) it seems to be the empirically relevant scenario (see, eg, Autor, Katz, and
Krueger (1998)), and (iii) it enables me to use a simpler specification of the technology

without substantial loss of generality.!

Firms maximize profits
2
mi=pi-Yi— > wi -l (2)
j=1

taking the price of consumption good 4, p;, and the price of factor j in sector i, wj;, as

exogenously given.'*

3.2 Consumers

Each input factor j = 1,2 is supplied by a continuum of mass one of homogeneous indi-

viduals who derive utility from consuming the two final goods ¢ = 1, 2. Each individual of

HDuye to technical progress, technology varies over time. As a consequence, all prices and quantities
vary over time. For ease of representation, I omit the time subscripts.

2Throughout most of the paper, I assume that 6;; = 1 < 0;2 = 0, ie, in both sectors, factor 2 is more
productive than factor 1. I also discuss the illustrative special case where factor k is used only in sector
k so that 6;; = (1) : z#j . In this case, factors are perfectly immobile across sectors as in the
example of hairdressing.

1
'3The more common CES specification would be Y; = (Z?:l (0i5 - et lij)a> “. Regarding substi-

tutability /complementarity of production factors, the simpler specification I use has the same properties.
The additive separability allows a clearer representation of the results.
1n equilibrium, the price of factor j will of course be equal across sectors 4.



skill type j supplies inelastically one unit of input factor j. Individual factor supply L;;
is offered to the sector with the highest wage for factor j:

0 < Wij < wyy 2
Lij=1{ Ly€[0,1] & wy=wy; and Y Ly=1
1 S Wij > Wity i=1

All consumers share the same CES utility function:

2 )
Uj:<Zij> . j=1,2 p<1 (3)
i=1

where Cj; is consumption of final good i by a type j consumer. The elasticity of substitu-
tion between the two consumption goods is ¢ = 1/ (1 — p). Since there is no capital in the
model economy, the entire production is consumed instantaneously, so that intertemporal
substitution is not possible. Firms do not invest and consequently, consumers do not save.
Therefore, maximization of lifetime utility is equivalent to period-wise maximization of
per-period-utility and discounting is irrelevant. All consumers hold equal shares of all
firms. Consumers maximize utility subject to the budget constraint that consumption

expenditures must equal factor income w; and profit shares 7

2
wi+mT =Y pi-cy, j=1,2 (4)
i=1

3.3 General Equilibrium

Demands and supplies of consumption goods and factors are coordinated through prices

on respective markets. Households and firms act as price takers on all markets.

Definition 1 An equilibrium corresponds to a price system ({wj}j:1 92 1Pitiq 2) and an

allocation ({L”}Z im1.291Ci5 b o100 Wit jo1 0 \Yihica 2) that satisfy the following condi-
tions:

e (Utility Maximization): Given the price system ({wj}j:LQ ) {pi}z’:m) , the strat-

egy <{Lij}z’:1 93 1Cij e 2) mazximizes the utility (3) of each household of type j =
1,2 under the budget constraint (4).

e (Profit Maximization): Given the price system <{wj}j:1,2 , {pi}i:1,2) , the pro-
duction plan <{lij}j:1,2 ,Yi) mazimizes profits (2) of each firm in sector i =1,2.

e (Market Clearing):
For each consumption goodi=1,2: Y; = Z?Zl Cij-

For each production factor j = 1,2 : 23:1 Lij=1= 23:1 Lij.

10



Proposition 1 An equilibrium exists and is unique. The relative goods price p = p1/p2
as a function of technology and preference parameters o, 8;5, Nij, and p is given implicitly

by

> 022"

J=1 1 . )l Tom
p17a.[%.e(>\1] *2J)t} 11
J

%f()lj—a»\%)i

22 [21 }_

o3
1 R L . T—a
plfa . [%'E(AIJ /\2J) i:| a+1

J

The relative factor price as a function of the relative goods price p is:

2 1 11—«
w=2_ Sy (65 - ex Pttt p)Te (6)
Cwe :
w2 Z§:1 (05 - exdizt . p;)T=a

Proof. See Appendix A.1. =

Within the framework of this general two-sector, two-factor model, I will now discuss the

effects of skill-biased technological change on the wage structure.

4 Short- and Long-Run Effects of Skill-Biased Technological
Change

In this section, I consider the short- and long-run effects of skill-biased technological
change in an economy with two sectors, manufacturing (i = m) and services (i = s), and
two production factors, unskilled (j = u) and skilled labor (j = s). I assume that technical
progress is slow in the service sector.!® In the manufacturing sector, technical progress is

assumed to be fast and skill-biased.6

4.1 Technology

For simplicity, I assume

Aot =Nss = Amu =0 < Ams = A and Osy =Opu=1 < Og5=0ms=0. (7)

'5One can think of this “service sector” as comprising all sectors of an economy that do not greatly benefit
from technical progress such as services like the hotel business, catering trade, child care, hair-dressing,

house-cleaning, pizza-delivery, etc.
6 This “manufacturing sector” stands for the part of the economy where technical progress leads to

productivity gains because new machines increase productivity. It is also meant to include those services

that benefit, eg, from the introduction of computers like banking, etc.

11



Technological change affects only manufacturing (sector m) and whithin manufacturing
only the productivity of skilled labor (factor s). Skilled workers have a productivity
advantage 6 > 1 in both sectors. Furthermore, I normalize the price of the manufactured

good to p,, = 1. The production functions simplify to
Ys = lsau + (9 : lss)a ’ Yin = l?nu + (9 : e/\.t ’ lms)a (8)

Unskilled labor’s productivity is not affected at all by technical progress. Skilled labor
benefits from technical progress only when employed in manufacturing. The question of
interest in this setting is whether or not technical progress (or its absence) causes the

relative wage of unskilled labor to fall to 0.

4.2 Analysis

In this setting, equilibrium employment simplifies to:
1 pﬁ 1 eﬁ.)\.t
lsu - 17 lSS - —L“ lmu S lms -

pi-a + 1 pﬁ + eT-a pﬁ +1 2t

e

9)
The allocation of labor depends on the evolution of the relative price for services, p and the
rate of technological change, \. Unskilled workers do not benefit from technical progress
in either sector. Therefore, the evolution of the relative goods price alone determines the
marginal value of unskilled labor in both sectors. If the relative price for services increases,
unskilled workers move to the service sector.!” Skilled workers move to the sector where
their marginal value increases faster. If the relative price of services increases faster than
technical progress in manufacturing (at rate « - A) skilled workers move to services. If p

increases at a rate slower than « - A then skilled workers move to manufacturing.

The relative wage of unskilled workers as given by (6) simplifies to

-«

1
l1—a 1
w=u_ | PreT (10)

Ws Hﬂ . <pﬁ + eﬁlk.t)

As discussed in the introduction, the relative goods price is as important as the relative

productivity in determining the relative wage. If the goods prices were exogenous (or if
goods demand was perfectly elastic and always adjusted to changes in supply) then skill-
biased technological change (A > 0) would drive the relative wage down to zero. But in
this setting, goods prices are endogenous and goods demand is not perfectly elastic. If the
relative goods price p increases fast enough (at a rate faster than a - A), then the relative
factor price does not converge to zero, but to 9%. Factor price inequality does not increase
endlessly in that case, because the price increase in services (from which unskilled workers

benefit superproportionally) makes up for the lack of productivity gains.

TUnless services and manufactured goods are perfect substitutes, the relative price for services must
increase in equilibrium because—due to the absence of technical progress in the service sector—the relative

production costs of services increase.

12



4.3 Long-Run Behavior of the Equilibrium Outcomes

The evolution of the equilibrium relative price for services is determined by substituting
(7) into (5):

a o4 o «
;4—_& (pﬁ + em.A't) + ea . emA't . (pﬁ + 1)

pl—a 1—p —
1 o A\ ¢ o 1 @
<p17a + el-a ) _|_ 0 . (plfa _|_ 1)

(11)

The evolution of the relative goods price over time as given in (11) is rather complex. But
it converges fairly quickly to an exponential growth path where the growth rate depends

on the elasticity of substitution in consumption demand.

Proposition 2 The limit of the growth rate of the relative goods price as a function of

the substitution elasticity in consumption demand o is given by:

M‘)\ <~ Oéﬂél

<A & o>1

Proof. See Appendix A.2. m

If the goods are perfect substitutes (¢ = oo) the relative price must be constant and
equal to 1. If the consumption goods are perfect complements (o = 0), ie, if consumers
always want to consume both goods in a fixed ratio, the relative price of the service good
(which does not benefit from technical progress) increases at a rate equal to A (thus faster
than productivity in manufacturing which grows at rate o - \.)!® For intermediate values
of the elasticity of substitution between the consumption goods, the relative goods price
increases at a rate between 0 and A. If the substitutability between the consumption
goods is sufficiently low, then demand for services increases as people get richer thanks
to technical progress in the manufacturing sector. In general equilibrium, the benefits
from technical progress in the manufacturing sector “trickle down” to the service sector
through consumption demand. People are willing to pay an ever higher price for services
(relative to manufacturing) if they cannot substitute easily between the goods. This has
consequences for the relative wage. Plugging (12) into (10) yields the limit of the relative

wage as presented in the following proposition:

8To be exact, one has to distinguish the rate of technical progress «- A from the growth rate of marginal

L]
productivity (3{:{;) / % =a-A-(1-a)- f';’; which is larger than a - A because employment in

7

manufacturing falls and marginal productivity is decreasing.
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Proposition 3 As time goes to infinity, the limit of the relative wage is given by

9% & 0<o<«1

. _ ) - 1 oz _

tlgglow— we(0,5%), %5<0 & o=1 (13)
0 & o>1

where @ is given by 0% - o = (1_7@)1%!.

Again, the substitutability between the consumption goods is crucial. If the consumption
goods are perfect substitutes (0 = 00), the relative price for services cannot grow. The
evolution of wages is determined solely by technical progress from which only skilled
workers benefit. The relative wage of unskilled workers falls to zero. Wage inequality grows
without bounds. If on the other hand, the consumption goods are perfect complements
(0 = 0), people want to consume these goods in fixed proportions. Their willingness to
pay for services grows faster with their incomes. In the long run, unskilled workers—who
have a comparative advantage in services—benefit from this price increase. Their relative
wage increases—and wage inequality falls—to its initial level. As long as the elasticity of
substitution between the two consumption goods is not larger than 1, the relative wage

converges to a positive constant and wage inequality does not increase without limits.

The analysis of limits as time goes to infinity may seem somewhat odd in this context
because in the long run we are all dead. But note that the limit of the relative wage
constitutes a lower bound: Even if technological change continues to be skill-biased forever,
in this setting, the relative wage will never fall below @ if the substitution elasticity is not
higher than 1. On the transition path, the relative wage will always be above that value.
This is the way one should interpret these limits. The next subsection considers the

evolution of wage inequality in the short-run.

4.4 Short-Run Behavior of the Equilibrium Outcomes

In the previous subsection, it is shown that under plausible assumptions, wage inequality
will not increase beyond limits even if technological change continues to be skill-biased for
ever. In this subsection, I consider the short-run evolution of prices and quantities. Figure
1 depicts the evolution over time of the relative wage of unskilled workers as a function of
the elasticity of substitution in consumption demand. Wage inequality first increases as
the relative wage for unskilled labor falls. But after some time, the relative wage begins to
rise again and wage inequality falls. The smaller is the substitution elasticity, the earlier

does the relative wage for unskilled labor begin to rise.

Tn the case of Cobb-Douglas-Preferences, the relative wage does not start to increase again but does
not fall to 0 either. Wage inequality stabilizes. The general shape of the graph does not depend on the

parameter values.
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Figure 1:Simulation of the evolution of the relative wage for unskilled labor, w, (vertical axis)

over time as a function of the substitution elasticity in factor demand ofor §=2, A=0.1, a=0.5.

What are the reasons for these non-monotonic dynamics? There are two counter-
acting forces in the determination of the relative factor price: The evolution of relative
productivities (boosting wage inequality) and the evolution of the relative goods price
(dampening wage inequality). At first, the effect of widening disparities in productivities
dominates: Wage inequality rises. Later on, the effect of the increasing relative price of

services dominates. Wage inequality falls again. Why is this?

Starting from an allocation where unskilled and skilled workers are allocated rather
evenly across sectors, disparities in the evolution of goods supply (which favors manufac-
turing) and demand (which prefers equal proportions) can be accommodated by realloca-
tion of labor towards the service sector without substantial changes in goods prices. As
time goes on and ever fewer workers remain in manufacturing more substantial changes

in prices and wages are needed, to still attract to the service sector.

This pattern of increasing and decreasing wage inequality is consistent with the evolu-

tion of the skill-specific wage structure and sectoral employment in the 1980s and 1990s.

5 Discussion of the Results and Conclusion

The aim of this paper is to show that skill-biased technological change does not necessarily
imply increasing wage inequality. The reason is that wages depend not only on productivity
but also on goods prices. In other words: Factor prices depend not only on the technology

of firms but also on the preferences of consumers. The role of consumers’ preferences has
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so far been neglected in the literature. The results of the paper are corroborated by the

evolution of the wage structure in the 1980s and 1990s.

Basic Story

Technical progress leads to large productivity gains in manufacturing but much less so
in services. As services and manufactured goods are complements in consumption, rising
incomes (brought about by productivity gains in manufacturing) lead to increasing demand
for manufactured goods and services. Because productivity rises faster in manufacturing,
an increase in production in both sectors requires that labor shifts to services. As the
production of services is intensive in the use of unskilled labor, the relative demand for
unskilled labor rises and wage inequality declines. The magnitude of this effect depends
on the elasticity of substitution between services and manufactured goods. By services, I
mean especially services that do not require specific skills and do not benefit greatly from
technological innovations. In particular, some basic unskilled services seem to match these
requirements. Think of house cleaning, lawn mowing, shoe-shining, car washing, ironing,
walking dogs, pizza and drinks delivery, etc. These services do not require special skills
and they do not greatly benefit from technical progress. In addition, these services are
certainly complements rather than substitutes to other goods. The idea is that buying
these goods is equivalent to buying leisure time. And with increasing wages, leisure time
becomes more valuable so that people are willing to pay a higher price for services that
allow them to enjoy more leisure time.?’ The size of this sector of basic services might
seem too small to have any significant effect. On the other hand, the potential size of this
sector is probably by far larger than it first appears. And—in addition to these services to
private households—there is an even much larger demand for services to firms that do not
require special skills either. Think of office-cleaning, window cleaning, car-park attendants,
bicycle messengers, call centers, factory canteen staff, etc. And finally, remember from
Section 2 that: “...the number of hairdressers grew more than 300 per cent between 1992

and 1999. That was more than three times the growth of consultants ...” %!

Skill-Biased Technological Change and Decreasing Wage Inequality in the
1990s

There is a growing literature on the narrowing of the educational wage structure in the
1990s. The empirical evidence seems uncontroversial. Theoretical explanations for this
evolution are as yet inconclusive and discontenting. Some argue in the tradition of Dou-

glas (1926) and Tinbergen (1975) who view the evolution of the wage structure (at least

20If people care for leisure, optimal allocation of time (between leisure and labor) requires that on the
margin, the willingness to pay for an additional unit of leisure be equal to the wage earned for the same

unit of labor.
21Tt can be expected that in the future, increasing female labor markt participation and an increasing

share of older people will further boost the demand for household services.
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partially) as depending on a race between technological development and educational ad-
vance. But this view is inconsistent with the fact that during the 1990s, the growth in
the relative supply of skilled workers slowed down. Others call into question the role of
skill-biased technological change for the evolution of the wage structure altogether. In that

case, the evolution of the skill-premium in the 1980s remains in need of an explanation.
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Figure 3: Ratios of the 90th to 50th percentile and the 50th to IOth percentile of the U.S.

wage distribution. Source: Bernstein and Mishel (1999), Current Population Survey.

In this paper, I argue that skill-biased technological change can explain both, the

widening of the wage structure in the 1980s and the subsequent narrowing in the 1990s.

Wage Inequality in the 1990s Rose at the Top and Fell at the Bottom

A number of authors have studied the evolution of the wage structure in the 1990s in
more detail.?? They found that while the gap between the 90th percentile and the 10th
percentile remained fairly stable over the 1990s, the gap between the 90th percentile
and the 50th percentile widened further whereas the gap between the 50th and the 10th
percentile narrowed (see Figure 3). Also, the premium for graduate degrees vs. 4 years
of college has increased further in the 1990s while the premium for 4 years of college vs.
a high school degree has leveled off. Bernstein and Mishel conclude that the puzzling
evidence of the 1990s invalidates the “skill-biased technological change hypothesis” as an

explanation for the increasing wage inequality in the 1980s:

“The failure of the new economy to generate a surge in the relative demand for

22See, eg, Bernstein and Mishel (1999), Katz (2000), Murphy and Welch 2001, Mishel and Bernstein
2001, and Prasad (2002).
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skill casts doubt on the interpretation of the earlier growth of wage inequality

as being technology-driven.”

Another interpretation of the coincidence of growing wage dispersion at the top and falling
wage dispersion at the bottom of the wage distribution is consistent with the model pre-
sented in this paper: Workers with medium and high skills work in the same sectors (which
benefit from technical progress). So, changes in relative prices induced by technological
change affect them symmetrically. In other words, workers with medium skills do not
benefit much from skill-biased technological change and they do not benefit from rising

prices for the unskill-intensive goods either.

The Difference between Hairdressers and (other) Unskilled Workers

In Section 2, the example of hairdressing is given as an illustration of how unskilled work-
ers can benefit from skill-biased technological change through relative price changes. Yet,
unlike the hairdressers, the (other) unskilled workers saw their relative wages drop for
roughly a decade before they began to rise again in the mid 1990s. What is different be-
tween hairdressers and other unskilled workers? The difference is that hairdressers do not
compete with skilled workers within the same sector (where relative productivities alone
determine relative wages) but only across sectors (where the relative goods price becomes
important).?3 (Other) unskilled workers compete with skilled workers across and within
sectors. So, unskilled workers are facing two counteracting forces: Skill-biased techno-
logical change harms their relative position within sectors and changes in relative goods
prices—induced by a sector-bias against unskill-intensive goods—improve their relative
position across sectors. Over time, the direct technology effect (boosting wage inequality)
dominates first while the indirect price effect (dampening wage inequality) dominates in

the long run.

23The example of hairdressing can be captured within the framework of the model presented in Section 3.
Let factor 1 be hairdressers and factor 2 be all other workers. Sector 1 is the hairdressing trade and sector
2 consists of all other sectors in the economy. The fact that hairdressers work only in the hairdressing
sector while the other workers work only in the other sectors implies 012 = 021 = 0 and 011 = 622 = 0.
The absence of technical progress in the hairdressing sector implies A\11 = 0. In this case equation (5) and

(6) simplify to

Phaircuts m-t Whairdressers 7(140—7]-)\224
_—=e —_— = a
Pother goods Wothers

The price for haircuts increases over time (unless they are perfect substitutes to the other goods). The
relative wage of hairdressers increases over time if the elasticity of substitution between haircuts and the

other goods is smaller than 1.
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A Appendix

A.1 Proof of Proposition 1: Existence and Uniqueness of the General

Equilibrium

Existence of the Equilibrium Given by (5) in Proposition 1

Equation (5) can be rearranged to get

L [01; (A{;—2g;)-t| 1

T—o _11.(1J 2]) 1

1 _ IL p ‘92je } +

T =P a

9 0,625
2 j=1

The left hand side of the equation (LHS) is relative demand for good 1 and the right hand
side (RHS) is relative supply of good 1, both as functions of the relative goods price. At
p = 0, relative demand for good 1 is infinite and relative supply is 0: LHS (0) = co >
RHS (0) = 0. The limit of relative demand for p — oo is 0 while the limit of relative
supply for p — oo is infinite: lim, oo LHS (p) = 0 < lim,_.oc RHS (p) = co. Both sides
of the equation are continuous in p. Therefore, at least one p must exist that makes both

sides equal. This establishes the existence of the general equilibrium.

Uniqueness of the Equilibrium Given by (5) in Proposition 1

The left hand side of (5) is monotonously decreasing in p while the right hand side is

monotonously increasing in p. Thus, if an equilibrium exists, it must be unique. W

A.2 Proof of Proposition 2

Taking limits of equation (11) as time goes to infinity yields:

l—a
. P _ 9> \ T-a)ota
limy o0 em.)\.t = <1+9a) & 0<o<«1
lim; oo ﬁ = S [%, 1} 54 c=1 (14)
lim¢— 0o _g% = 9% = o>1
eo

1 « 1
where p is a constant, implicitly given by p - (ﬁﬂ + 1) =0%. (1 — ﬁﬂ). This can
easily be checked by substituting these values into equation (11) and taking limits as time
goes to infinity. From Proposition 1 follows that these limits are the unique solutions to

(11) as time goes to infinity. W
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