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Abstract

This paper studies the employment effects of technological change when benefits
are endogenous. If the (i) level of welfare aid depends on the general income level in
the economy and (ii) wages for unskilled workers cannot fall below the level of welfare
aid, there is a link between the wage for unskilled labor and the productivity of skilled
labor. An increase in the latter will lead to an increase in average income and hence
the level of welfare aid. This in turn leads unions to ask for higher wages for unskilled
workers.

Technological change is shown to have employment effects (only) if it is skill-biased
and if this link exists.
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1 Introduction

This paper argues that skill-biased technological change has adverse employment effects
because the unskilled workers’ wages are linked to the skilled workers’ productivity. This

link is established by the indexation of benefits to per-capita income.

If the unemployed receive payments from the state (unemployment benefits, welfare
aid, etc.), workers are not willing to work for wages below these payments. If these pay-
ments to unemployed—which constitute workers’ fall-back income—are linked to indices
of standards of living (as measured, eg, by per-capita income), an increase in (only) the
skilled workers’ productivity leads to an increase in the level of benefits—via an increase
in per-capita income. This increase in benefits makes unions ask for higher wages for the
unskilled. An increase in skilled workers’ productivity can thereby lead to an increase in

unskilled workers’ wages.

In this paper, I examine an economy in which the level of benefits depends on per-
capita income. The idea is that benefits are paid to avoid poverty so that their level must
be closely related to the “subsistence level”. But poverty is a relative concept and so is the
subsistence level.! In developed industrial countries, the subsistence level is certainly more
than just the amount of money that suffices to guarantee survival. In societies where most
of the people can afford video cameras, mobile phones, flights to distant countries, etc.,
a life without electric light, running water or even without a television set? is considered
inacceptable. The “subsistence level” is considered as the level that guarantees a “decent
life”. The latter, in turn, depends on the average standard of living in the respective
society. Thus, the “subsistence level” is an endogenous quantity depending on the general
standard of living. This implies that the level of benefits should depend on the general

income level.?

Figure 1 gives some empirical support to this claim. For further empirical evidence,

see Appendix A.1. The correlation between the rate of welfare benefits for a four-person

'See eg Foster (1998): “Absolute versus Relative Poverty” and the other contributions to the session
on “What is Poverty and Who are the Poor?” in the AEA Papers and Proceedings Issue of the American

Economic Review of May 1998.
2The German right of distraint legislation considers a television set as indispensable and excludes it

from seizure.
3In fact, most benefit systems have unemployment insurance elements that depend on the level of past

earnings rather than the general income level of the economy. But for two reasons, I think that these

unemployment benefits are not the proper measure for the fall-back income of workers:

1. Unemployment benefits are generally limited in duration. After a certain time limit, eligibility for
unemployment benefits expires and unemployed workers receive welfare aid. So, in the long run, it

is welfare aid that constitutes the fall-back income.

2. For unskilled workers, unemployment benefits may easily fall short of the level of welfare aid. In
this case, the payment is increased to the level of welfare aid. So, the level of welfare aid rather

than the level of unemployment benefits constitutes the lower bound to low-skill wages.



Benefits Vs GDP per Capita in 1990 Prices, West Germany 1970 - 1998

15000 -
1998
e ¢
14000 - *
.
1990,
. .
g 13000 - *% .
i e ** ve ¢
3 - « *
£ 12000 - 41980
.
.
11000 - .
1970
10000 3 : : : : :
10000 12000 14000 16000 18000 20000

Real GDP per Capita

Figure 1: Vertical axis: Benefits: German Welfare Rate (“Sozialhilfe-Eckregelsatz”) for a four-
person household (two adults, two children) in Euros in consumer prices of 1990, Source: German
Federal Ministry of Labor. Horizontal axis: GDP per Capita in Germany: in Euros in consumer

prices of 1990, Source: EuroStat.

household and per-capita GDP in Germany between 1970 and 1998 has been 0.93.

Endogeneity of the level of benefits is important because it introduces a feedback
mechanism: Because benefits constitute a fall-back income for workers, the level of ben-
efits affects the level of wages. Since wages make up an important part of total income,
fluctuations in wages result in changes in average income. This in turn affects the level
of benefits and the wheel turns full circle: There is a feedback from wages to benefits and

back to wages.

This paper studies this feedback mechanism and its effects on the wage structure and

on employment in the presence of skill-biased technical change.*

I consider an economy with two kinds of productive labor, high wage-earning skilled
labor and low wage-earning unskilled labor. Following papers on related issues (see, eg,
Davis (1998) and Krugman (1995)), I assume that the market for skilled labor clears, while

the market for unskilled labor does not.?

This classification into a competitive market for skilled labor and a non-competitive

market for unskilled labor is somewhat in contrast to the literature on “Dual Labor Mar-

“It is shown below, that employment effects of technical change arise only if this link from average
income to benefits exists and if technical change is “skill biased”.
5In Davis (1998), the wage for unskilled labor is modelled as an exogenously given fixed minimum wage

while in Krugman (1995), it is assumed to be a fixed proportion of the skilled workers’ wage.



kets”® and on “Efficiency Wages” where it is typically assumed that the market for un-
skilled labor is competitive and clears whereas the market for skilled labor is regulated and
fails to clear. This latter view is, however, at variance with the evidence on unemployment
and wage flexibility in Europe. It is the unskilled workers who are by far more likely to

be unemployed which is evident from Table 1.

Regarding the effects of wage bargaining on wage flexibility, Buttner and Fitzenberger
(1998, p. 1) find that in Germany,

“... employees with low wages have significantly lower wage flexibility than high

wage employees. This effect is particularly relevant for the lower educational

groups.”

Therefore, I assume that the wage for unskilled labor is determined by a monopolistic
labor union while employment is determined by competitive firms.” The assumption that
the wage for skilled labor be entirely flexible is for simplicity. The focus of this paper
is on the (strikingly large) extent to which the unskilled workers’ rate of unemployment
exceeds that of the skilled workers. The fact that unemployment also exists among the
skilled workers might indeed be explaind by considerations of insider-outsider relations
or efficiency wages so that these theories might be seen as complementary rather than

contradictory to this paper.

Table 1: West German Unemployment Rates by Education, Men, Average:
1983 - 1994

Low Education® Medium Education® High Education®

8.42% 3.37% 1.79%

Source: GSOEP 1984-1995. a) low or medium secondary schooling degree (Hauptschule
or Realschule, b) high secondary schooling degree (Abitur) or any form of formal post-
secondary education other than university or technical college—for instance vocational

training, ¢) any degree from a technical college (Fachhochschule) or university.

As a result of union wage-setting, the wage for unskilled labor depends on the unskilled
workers’ reservation wage as measured, eg, by the level of benefits. As was argued above,
the benefits are in turn a function of the income levels of both unskilled and skilled

workers. This interdependence between wages and benefits yields an allocation where

6See, eg, Saint-Paul (1997).

“In Section 5, this assumption is relaxed in two ways. Subsection 5.5 shows that similar results are
obtained in a modified version of the model where the market for unskilled labor is assumed to be com-
petitive. In subsection 5.1, the general Nash-Bargaining solution is used to model the wage determination.

Both modifications do not affect the results substantially.



the wage for unskilled labor depends positively on the wage for skilled labor (even if the
marginal productivities of the two factors are independent of each other) while the latter
adjusts to clear the market for skilled labor. The obtained wage rigidity is a rigidity in
the relation between the wages for unskilled and skilled labor. In other words, the wage
for unskilled labor is too rigid with respect to the unskilled workers’ productivity and it

is overly sensitive to changes in the skilled workers’ wages.

In particular, it is shown that if—through skill-biased technological change—the pro-
ductivity of the skilled workers rises faster than that of the unskilled workers, the wage of
the latter increases by more than would be justified by their productivity gains (because
it is linked to the skilled workers’ wage via the benefits). As a result, employment of
unskilled labor falls. The matter of concern here is not that the (unskilled workers’) wage
falls too little—as in standard union models—but that it rises too much. This result is
unique to this model where the feedback mechanism from wages to benefits and back to

wages is accounted for.

Autor and Duggan (2003) study a similar transmission mechanism in a related context.
They argue that increasing wage inequality in conjunction with an indexation of disability
benefits to the mean wage has led to a rising replacement ratio of disability benefits in the
U.S. They estimate that this phenomenon (together with reduced screening stringency)
has driven down the U.S. unemployment rate by two thirds of a percentage point because
unskilled workers “became almost twice as likely to exit the labor force in the event of an

adverse shock—and correspondingly less likely to enter unemployment .” (p. 198)

In the context of identification and specification of aggregate wage equations, Manning
(1993) and Blanchard and Katz (1999) also consider endogenous benefits. Manning (1993)
argues that the lack of identification can be overcome even in the case of endogenous
benefits if the replacement ratio can be assumed to be exogenous. Blanchard and Katz
(1999) reconcile the seemingly contradictory evidence and theory on the relation between
wages and unemployment by recognizing that unemployment benefits depend on past
earnings. Both papers consider homogenous labor so that the asymmetries with regard to

skills as discussed in this paper are not an issue.

The findings in this paper are consistent with the evolution of wages and employment
of unskilled workers in Europe over the past decades. Wages for all skill levels have risen
steadily over this period and, by and large, the employment prospects of the less skilled

workers have deteriorated.®

There has been increasing consensus among labor market economists that asymmetric
technical progress and possibly increasing trade with low wage-countries have led to a
substantial shift in demand away from unskilled workers toward skilled workers during the
1980’s and the 1990’s.° In the United States (and the UK), it seems, this demand shift

8See, eg, Siebert (1997).
“Levy and Murnane (1992) and Gottschalk and Smeeding (1997) give surveys of the empirical literature

on this subject.



has led to an increase in wage inequality while in (continental) Europe, where the wage
structure has remained fairly stable, it resulted in a rise in unemployment, in particular
among unskilled workers.!® This coincidence of rising wage inequality in the United States
and rising unemployment (at rather stable relative wages) in Europe suggests that the
kind of feedback mechanism described in this paper has been an important feature of
labor markets in Europe while in the United States it has not. This is consistent with the
observation that welfare systems are in general more generous and unions are stronger in

Europe than they are in the U.S.

The results in the paper do not rely on any complementarity or substitution relations
between the different types of labor in production. All that matters is that the wage
determination at the unskilled level is tied to the wage for skilled labor via the benefits.
In fact, similar results are obtained if the workers’ utilities depend not just on their income

but considerations of envy and the like introduce a preference for relative wealth.!!

The remainder of the paper is organized as follows. The basic model is set up in Section
2. Section 3 examines the interdependence of wages and benefits. Comparative statics
are analyzed in Section 4. Section 5 assesses the robustness of the results and Section 6

summarizes and concludes.

2 The Model

Consider an economy with a continuum of measure 1 of homogeneous firms producing a

single good. The good is produced using two input factors, unskilled and skilled labor.
Technology
The firm produces according to the production function
Y =(ay 1)’ +(as-15)", 0<p<l, 0<ay<as, (1)

where Y is the quantity of the final good, I, and [s are the levels of employment of
unskilled and skilled labor respectively, and p, a,, and ag are productivity parameters.

This specification has the following properties:

e The elasticity of substitution between unskilled and skilled labor is 0 = 1/ (1 — p) >

1. I restrict the analysis to substitution elasticities larger than one because only in

108¢ee, eg, Freeman (1995), Krugman (1994), Siebert (1997), and Davis (1998). For a critique to this

view, see, eg, Nickell and Bell (1996).
See, eg, Veblen (1999, p. 31): “The end sought by accumulation is to rank high in comparison with

the rest of the community in point of pecuniary strength.”

The role of social status is also stressed in Weiss and Fershtman (1998, p. 810): “... ‘guest workers’ and
immigrants are less reluctant to accept low status work, partially because they do not compare themselves
with local workers. In addition, it is considered less ‘unfair’ to pay them low wages, given the low wage in

their country of origin.”



this case does skill-biased technological change have adverse effects on the relative

position of the unskilled workers.1?

e The marginal productivities of unskilled and skilled workers are independent of each
other and the cross wage elasticities of the factor demands are zero. This has the
advantage that any relation between the wages for the two kinds of labor that arises

in the model can be attributed solely to the institutional peculiarities.

These restrictions are also for simplicity. In Section 5.2, T consider the case of a
more general CES technology. The results are shown to be independent of these different

specifications.

Demands for Unskilled and Skilled Labor
The firm sells its product on the world market at the world market price P = 1 (by
choice of the numéraire). At given wage levels, the firm chooses the level of employment

S0 as to maximize its profit
T=Y —wy, L, —ws . (2)

The demand for unskilled and skilled labor is respectively

zz<wu>=(p"‘5)ﬁ and z;f(ws):(”'“g)ﬁ, )

Wy Ws

where w,, and ws are the wages for unskilled and skilled labor respectively.
‘Workers
All workers share the same utility function
u (net wage) = In (net wage) . (4)

Both types of labor are each supplied by a continuum of measure 1 of homogeneous workers.

Each worker inelastically supplies one unit of labor.

Benefits
As will be seen below, the model involves unemployment of unskilled workers. All
unemployed are assumed to receive benefits, w. In accordance with the reasoning in the

introduction, the benefits are assumed to depend on the net average income
- Y

where Y/2 is per-capita income and ¢ is the income tax rate.

2Furthermore, the majority of the empirical estimates are between 1 and 2. See, eg, Autor, Katz, and

Krueger (1999) who argue that a consensus estimate is a value around 1.5.



Government
The benefits are financed through a proportional income tax. The tax rate ¢ is endoge-

nously determined by the government’s budget constraint:

(1-l) @=tY (6)

The Union’s Objective Function
All unskilled workers are assumed to be members of the labor union. The union is
assumed to maximize the expected utility of its representative member conditional on the

wage level.
U = E [u(net wage) |wy] =l (wy,) - In[(1 —t) - wy] + [1 — Ly (wy)] - Ind (7)

The first term in expression (7) represents the probability for any union member to be-
come (or remain) employed (conditional on the wage level) times the utility derived from
(net) labor income. The second term represents the conditional probability to become

unemployed times the utility derived from the alternative income (ie, benefits).

Wage Determination
As was argued above, the wage for unskilled labor is assumed to be determined by a

monopolistic labor union whereas the level of employment is determined by the firm.

The union maximizes its objective function taking into account the effect of the wage
level on employment. I assume that, out of idleness or lack of comprehension of the
economic system, the union does not account for the second-round effects the wage has
on the level of benefits and on the tax rate.!® In the formal model, this means that the
objective function (7) is maximized subject to (3) but taking the level of benefits @ and

the tax rate t as exogenously given.

Solving the maximization problem yields the following result which is familiar from

the literature:

Lemma 1 Under the above assumptions, the wage for unskilled labor, w,, is an increasing
function of the level of benefits, W :

wy, = e % (8)
3 The Interdependence of Wages and Benefits

In contrast to standard union models (and in contrast to what the union takes into ac-

count), in this model, the level of benefits is a function of the net average income which,

13This assumption is also for simplicity. In Section 5.1, I consider the case where the union takes into
full account the effects of the wage level on the level of benefits and the tax rate. The results are virtually

unaffected.



in turn, is a function of—among others—the wage for unskilled labor. Accounting for this

endogeneity in (8) yields'4

1 -Qa 1—
w3t (%) " har| )

u

The equilibrium wage for unskilled labor, w, is implicitly given by this equation.'®

It is easily verified that under the above assumptions, an equilibrium, w;, (ay, as, f, p, -),

exists and is unique.'®

4 Comparative Statics

The comparative static properties of the equilibrium allocation are presented in the fol-

lowing propositions:

Proposition 1 An increase [respectively decrease] in the unskilled workers’ productivity,
as measured by the productivity parameter a,, leads to an increase [respectively decrease]

in both, the equilibrium wage for unskilled labor and the level of employment.

6 *

L Y (10)
Oay  wy  1—=p+nyy,

[ -
Oy Gu _ _P=llvi (11)

aau E_l—p"_"’]y’[u
where 1y, = gT}; . 17“

A decrease in the unskilled workers’ productivity leads—via a decrease in the average
income—to a decrease in the unskilled workers’ wage. But this decrease is less than would
be required by the productivity loss because the wage is linked to the average income level
which decreases by less than the unskilled workers productivity. Therefore employment
falls. This failure of the wage to fully adjust to changes in productivity can be seen as a

rigidity in the relative wage wy, /ws.

While the wage for skilled labor always adjusts to clear the market, the wage for
unskilled labor depends on the productivities of both, unskilled and skilled workers. In

“Equations (8) and (9) are just two different ways of writing down the same result. In equation (8) the
focus is on the dependency of the unskilled workers’ wage on the level of (endogenous) benefits while in

equation (9) the unskilled workers’ wage is shown as a function of the exogenous parameters of the model.
5 Throughout the paper, the term “equilibrium” will be used to refer to the allocation which results

from union wage setting, given the other institutional features of the model.
$Existence: For w, sufficiently small (resp. sufficiently large), the right hand side of the equilibrium

condition (9) is larger (resp. smaller) than the left hand side. As both sides of the equation are continuous
in w, there must exist at least one value of w,, w;,, for which both sides are equal. Uniqueness: The
left hand side of (9) is strictly increasing in w, whereas the right hand side is strictly decreasing in wy,.

Therefore, if a solution to (9), wy,, exists, it must be unique.



other words, the wage for unskilled labor is linked to the wage for skilled labor. The
relative wage cannot fully adjust to changes in the relative productivity. This rigidity
leads to an increase in unemployment in response to a decrease in the productivity for the

unskilled workers.

Similar results are obtained in standard union models where the reservation wage of

the workers is exogeneous.

Proposition 2 An increase [respectively decrease] in the skilled workers’ productivity, as

measured by the productivity parameter as, leads to an increase [respectively decrease] in the

wage for unskilled labor and a decrease [respectively increase] in the level of employment.
ow: as  (1—p)-ny,,

s TPV 12
aas Wy, 1 —,0+7]Y71u ( )

ol «a
Oy as "y, (13)
das [} L—p+nyy,

The increased productivity of the skilled workers leads to a rise in the average income.
This in turn increases—through higher benefits—the unskilled workers’ reservation wage
and thereby their wage. Since the productivity of the unskilled remains unchanged, the

demand for unskilled labor and thereby employment falls.

While the result in Proposition 1—that the wage falls too little in response to a fall
in the productivity of the unskilled—is also obtained in standard union models, the result
in Proposition 2—that the wage increases too much in response to a productivity gain of
the skilled workers—is unique to this model where the feedback mechanism from income
levels to wages is accounted for. In this model, the driving force behind both effects is the

above mentioned rigidity in the relative wage.

Propositions 1 and 2 consider cases where only one type of labor becomes more produc-
tive. Depending on whose producitivity increases, unemployment increases or decreases.
Since in reality, technological change tends to affect the productivities of different types
of labor at the same time, the question arises which of the two opposite effects dominates.

The following Proposition answers this question.

Proposition 3 Technological change leads to an decrease [respectively increase] in em-
ployment whenever it leads to an increase [respectively decrease] in Z—i
612 a nY,ls

=Yk 14
83—2 lfL 1—p+77y’1u ( )

Skill-biased technical progress favoring the skilled workers’ productivity in a way that
leads to an increase in ags/a, has a negative effect on the relative demand for unskilled

labor, 12/19. Since the relative wage for unskilled labor, w,/ws, cannot fully adjust to

10



this shift in labor demand, employment of unskilled workers falls. On the other hand, if
the productivity of unskilled workers grows faster [or falls more slowly] than the skilled
workers’ productivity, the wage for unskilled labor increases [respectively falls], but by less
[respectively more| than would be justified by the shift in the relative productivity so that
the employment of unskilled workers increases. Any technical change that leaves the ratio

as/a, unaffected has no effect on the level on employment.

This result is consistent with the common view that it is the same factors that boost
wage inequality in the U.S. and the UK and result in higher unemployment in (continen-
tal) Europe.!” In a model in which the welfare system is less generous and wages are
to a greater extent market-determined—the alleged features of US labor markets—skill-
biased technical change (in the form of an increase in as/a,,) leads to an increase in wage

inequality. Appendix A.1 provides some empirical underpinning for this result.

Increasing trade with low wage countries has been cited as a second culprit of the rise
in wage inequality in the United States.'® In fact, in a two-sector version of this model, it
can be shown that increasing trade with low wage countries (as modeled by a decrease in
the relative price of the import good—whose production is assumed to be intensive in the
use of unskilled labor) has exactly the same effect on wages and employment as does skill-
biased technical change (as modeled by an increase in as/a,,). Increasing trade with low
wage countries also leads to a (downward) shift in the relative demand for unskilled labor.
As the relative wage for unskilled labor does not fully adjust, employment of unskilled
labor falls.

Proposition 3 has important policy implications. Any increase in the relative produc-
tivity (or more general in the relative “market value”) of the skilled workers leads to a
higher rate of unemployment in this model. This argument is valid even if the absolute
productivity of the unskilled workers increases as well (but less than proportionately). Ed-
ucation policy must therefore aim at improving the skills of the unskilled workers relative
to those of the skilled.

5 Robustness Considerations

In this section, some critical assumptions of the model are relaxed or modified. The

robustness of the above stated results with respect to these modifications is assessed.

5.1 Generalized Nash-Bargaining

In Sections 2 through 4 the wage for unskilled labor is assumed to be set unilaterally by the

union. In this section I consider the more general case of wage negotiations between the

17«The rise in joblessness in Europe is thus the flip side of the rise in earnings inequality in the U.S.”,

Freeman (1995, p. 19).
8Gee, eg, Wood (1994) and more recently Wood (1998).
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union and firms. The outcome of the bargain is modeled as the Nash bargaining solution:
wy = argmax{U — Up}* - {m —mo} ™,  Xel0,1], (15)
Wy

where U is the union’s objective function as given in (7) and Uy is the union’s disagreement
point, m and 7o are the firm’s profit and disagreement point, and A measures the union’s
relative bargaining power.!® The union’s disagreement point in the bargain, Up, is iden-
tified with the value of its objective function when the negotiation fails and all unskilled

workers are unemployed,
Up = Inw. (16)

The firm’s disagreement point is identified with the level of its profit when the negotiation

on the wage for unskilled labor fails and only skilled workers are employed,

7o = (as - ls)” —ws - L. (17)

In this section, I additionally allow for the union and firms to take into full account

the effects of the wage-setting on the level of benefits and the tax rate.

In this setting, the equilibrium wage for unskilled labor is given by:

1 A (& +1— . ay 1
Wy = 5 . extp-(1=X) (¢ My,1y p) e Y) with nxlu = 8_lu . ?u

where ¢ € {0,1} is a dummy variable indicating whether or not the second round effects
of the wage for unskilled labor on the level of benefits and the tax rate are accounted for in
the wage bargain. The model in Sections 2 through 4 is nested in this specification (with
A =1and ¢ = 0). Qualitatively, the results of Propositions 1 through 3 remain valid in
this setting. For details see Appendix A.3.

5.2 CES Technology

In Sections 2 through 4 the technology is separable in the two types of labor. This
restriction is for simplicity. In this section, I consider a more general CES technology:
8
Y = [(ay - 1)" + (as - 15)°] 7,

where p < 1 determines the elasticity of substitution ¢ = 1/(1 —p) and 8 € [0,1] is
a returns-to-scale parameter. This specification nests the usual constant-returns-to-scale
case (8 = 1) and the specification from sections 2 through 4 (8 = p). In this setting, the
equilibrium wage for unskilled labor is given by

1

1 1
wuzi.e Moy swa MY)

19The Nash bargaining solution can be thought of as the limiting case of an alternating offer bargain

where the parties take turns to make offers until one is accepted (see Binmore, Rubinstein, and Wolinski

(1986)). The corresponding extensive-form game is described in Appendix A.2.

12



ol, w

where 7y, ., = T In a competitive economy without labor market frictions, skill-

biased factor augmenting technological change (as represented by an increase in as/ay)

leads to an increase (resp. decrease) in the relative wage for skilled labor ws/w,, if and
only if the elasticity of substitution between unskilled and skilled labor is larger (resp.
smaller) than 1.2 In the economy described in this paper, the relative wage is kept from
fully adjusting to changes in relative productivity and skill-biased technological change

has the respective employment effects:?!

o(1—1)

() < °

AV
AV
—_

5.3 Benefits as a Function of the Average Wage

The central assumption of the model presented in Section 2, as expressed in (5), is that
benefits or, more general, the reservation wage of unskilled workers depend on the average
income. Since other workers’ wages can be observed more easily than their total income,
it might however be argued that the workers’ reservation wage should be a function of the
average wage level rather than the average income level. This reasoning takes into account
the argument that workers compare their wages with the wages of the other workers as,
eg, stated in the “fair wage-effort hypothesis” by Akerlof and Yellen (1990). They argue
that what a worker considers her “fair wage” also depends on the wages of other—not
necessarily equally qualified—workers.?? In the formal model, this means that equation

t)- wwlitWs  The results from Sections 3 and 4 are virtually

(5) is replaced by @ = p- (1 —
unaffected. The existence of a unique equilibrium as well as the comparative static results

from Propositions 1 through 3 remain valid.

5.4 1Is the Reservation Wage a Function of the Level of Benefits? Are
the Benefits a Function of the Average Standard of Living?

Two assumptions concerning the reservation wage’s dependence on the average standard
of living are made in Section 2. These are (i) that the reservation wage is equal to the
level of benefits and (ii) that the level of benefits is a function of the average standard
of living. One might consider either of them as quite strong assumptions. But as long
as the wage for unskilled labor depends on some measure of a reservation wage/fall-back
income that in turn is—among others—influenced by the average standard of living, the
main conclusions remain valid. @ can be interpreted as any measure of the reservation

wage that depends on some measure of the average standard of living.

2°In equilibrium, the relative wage for skilled labor is given by %ﬁ =

Y [l au
The sign of p determines the sign of the effect of as/a. on ws/wy. See, eg, Acemoglu (2002) for a discussion

P
OY/ols (i“-) in this setting.

of this issue.
21For details, see the Appendix A 4.
22Gee also footnote 11.
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In fact, minimum wages are often indexed on the average wage. If—in addition—the

minimum wage is binding, the same feedback effects are induced.

5.5 Competitive Market for Unskilled Labor

The previous sections relied on the assumption that the wage for unskilled labor is set by
a labor union while the wage for skilled labor is flexible and clears the market. In some
European countries, however, wages at the very bottom of the wage distribution are not
covered by unions so that the market for unskilled labor is rather competitive. In this

section, I argue that my results are robust with respect to these considerations.

Consider the following—very simple—modified version of the economy in Section 2.
Assume the workforce consists of a continuum of mass one of heterogeneous workers in-
dexed by i € [0,1].

The technology of the firm is Y = fol a; - I-di ,where [; is employment of workers of
skill type i.

Assume that wages for all skills be perfectly flexible so that labor markets at all skill
levels clear. Assume further—as in Section 2—that each worker inelastically supplies one

unit of labor whenever the prospective wage exceeds the level of welfare aid.

Equilibrium wages are given by w; = % =p-a; .23

Assume that, in order to avoid poverty, the government pays welfare aid to those
workers whose wage is too low to finance their living. These benefits are financed by an
income tax. Following the considerations in the introduction, poverty is a relative concept
and benefits depend on the average income level 0 =y -5 = pu- [ ! a;-di , where ¢ is the
marginal worker (or skill type) whose marginal productivity is exactly equal to the level
of benefits.

For workers with types higher than ¢, working pays. Workers with types lower than

¢ prefer to receive social benefits. ¢ is the marginal worker who is indifferent between
working and unemployment. ¢ is implicitly given by w, = a, - p L= E le a;-di .

Assume for simplicity that a; be uniformly distributed over the interval [a,a].?* The

marginal worker is then determined by

p(1- )—u+\/p2-<1—2-
G

From the definition of ¢ follows that ¢ is equal to the rate of unemployment.?

[Y1=1
[SYIs]]

) + (0% + 12 (%})2

=

23 Again, the final good is chosen as numéraire.
24The productivity level of a type i worker is then given by a; = a+ (@—a)-1.
25To be exact, the rate of unemployment is u = max {0,:} . If ¢ is negative, even the least skilled worker

prefers to work and there is no unemployment. The condition for unemployment in this setting is: ¢ > 0
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As in Section 4, I now analyze the effects of technical progress on the level of unem-
ployment. Technical progress affects the productivities of the workers. The (uniform)
distribution of skills is determined by the upper and lower bounds @ and a. A proportion-
ate increase in both implies that the productivities of all workers increase at the same rate.
A more than proportionate increase of the upper bound a relative to the lower bound a (ie
an increase in a/a) implies that productivities of workers with higher skills increase faster

than productivities of workers with lower skills (ie a;/a; increases for any pair ¢ > j).

It is straightforward to show that unemployment decreases with an increase in a (this
is the equivalent to Proposition 1 and increases with an increase in a. This is the analogue

to Proposition 2.

More generally, unemployment increases if and only if a/a increases. This finding

corresponds directly to the result in Proposition 3.

Thus, as in Section 4, whenever technical progress is skill-biased, favoring the produci-

tivities of the relatively more skilled, unemployment increases.

This example illustrates that the results obtained in Section 4 do not depend on the
specification of the wage determination. In fact, even with perfectly competitive labor
markets, (voluntary) unemployment can increase in the face of technical change. All that
is required is that the worker’s reservation wage (social benefits in this example) is linked

to the average income level and that technical change is skill-biased.?S

6 Summary and Conclusion

In this paper, I study the employment effects of skill-biased technological change when
benefits are linked to per-capita income. This link to per-capita income introduces a tie

between the wages for different skills.

Standard Union Models

In standard models of union wage setting, wages—especially at the lower end of the
wage distribution—depend on the level of unemployment or social security benefits (which
constitute the workers’ reservation wage). As a consequence, these wages are downwardly
rigid. This rigidity causes unemployment when productivity falls and wages do not adjust

sufficiently.

Indexing Benefits to Per Capita Income: The Wage for Unskilled Labor is Too
Rigid And Overly Sensitive

S op> ﬂif—l Unemployment occurs only if the replacement rate of unemployment benefits is sufficiently

high relative to the productivity parameters.
26This example might be a better model for some European labor markets where wages at the lower

end of the wage distribution are not covered by union wage bargaining but—contrary to anglo-saxon

economies—the social security system is rather generous.
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The interdependence between wages and benefits yields an allocation where the wage
for unskilled labor depends positively on the wage for skilled labor while the latter adjusts
to clear the market for skilled labor. The obtained wage rigidity is a rigidity in the relation
between the wages for unskilled and skilled labor. The wage for unskilled labor is too rigid
with respect to the unskilled workers’ productivity and it is overly sensitive to changes in

the skilled workers’ productivity.

Skill-Biased Technical Change Leads to Increasing Unemployment

If—as a result of skill-biased technological change—the productivity of the skilled work-
ers rises faster than that of the unskilled workers, the wage of the latter increases by more
than would be justified by their productivity gains (because it is linked to the skilled work-
ers’ wage via the benefits). As a result, employment of unskilled labor falls. The matter
of concern here is not that the (unskilled workers’) wage falls too little—as in standard

union models—but that it rises too much.

Accordance with Empirical Evidence

The findings of this paper are consistent with the evolution of wages and employment
of unskilled workers in Europe over the past decades. Wages for all skill levels have risen
steadily over this period and, by and large, the employment prospects of the less skilled

workers have deteriorated.

“The European Unemployment Problem and the US Inequality Problem are
Two Sides of the Same Coin”?"

Technical change affects employment only if (i) it is “skill-biased” and (ii) the unskilled
workers’s wage is somehow linked to the skilled worker’s wage. If one of these two condi-

tions is not met, technical change only affects wages, leaving employment unchanged.

This result is consistent with the common view that it is the same factors that boost
wage inequality in the U.S. and the UK and result in higher unemployment in (continental)
Europe. In a model in which the welfare system is less generous and wages are to a
greater extent market-determined—the alleged features of US labor markets—skill-biased

technical change leads to an increase in wage inequality.

Employment Effects of “(Globalization”

Increasing trade with low wage countries has been cited as a second “culprit” of the
rise in wage inequality in the United States. In fact, in a two-sector version of this model,
it can be shown that increasing trade with low wage countries (as modeled by a decrease
in the relative price of the import good—whose production is assumed to be intensive
in the use of unskilled labor) has exactly the same effect on wages and employment as

skilled biased technical change. Increasing trade with low wage countries also leads to

2TKrugman (1994).
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a (downward) shift in the relative demand for unskilled labor. As the relative wage for

unskilled labor does not fully adjust, employment of unskilled labor falls.

Policy Implications

The findings in this paper have noteworthy policy implications. Any increase in the
relative productivity (or more general in the relative “market value”) of skilled workers
leads to a higher rate of unemployment in this model—even if the absolute productivity of
unskilled workers increases as well, but less than proportionately. Education policy should

therefore aim at improving the skills of unskilled workers relative to those of the skilled.

A Appendix:

A.1 Empirical Evidence
A.1.1 The Link Between Benefits and Per Capita Income

The two central assumptions in this paper are, that (i) benefits are linked to per-capita
income and (ii) benefits constitute the fall-back income for unskilled workers. While the

latter assumption is quite common, the first deserves some more empirical support.

An implication of the link between benefits and per-capita income is that skill-biased
technological change—or what ever else tends to boost wage dispersion (eg, increased
competition from low wage economies)—should lift up the replacement ratios for unskilled
workers. The replacement ratio for unskilled workers should thus be positively correlated
with the skill-premium. In order to avoid problems with non-stationarity, I regressed
first differences of the replacement ratio, A (@/wy¢) = Wi /Wyt — Wi—1/Wy -1, on first
differences of the skill-premium, A (ws;/wyt) = Wst/Wyt — Wet—1/Wy 1 for Germany,
1971 - 1995:%8

AL = 0009 +0.441 - AL (adj. R = 0.4744)
Wt (Z1.30)  (4.76) Wyt

t-statistics are given in parentheses. The null hypothesis that changes in the skill-premium
have no effect on changes in the replacement ratio is easily rejected at the 1 per cent
significance level. This piece of evidence corroborates the assumption that the level of
benefits depends not only on wages on the lower end of the wage distribution but also on

high-skill wages.

280 is the Welfare Rate (“Sozialhilfe-Eckregelsatz”) for a four-person household in Euros in consumer
prices of 1990, Source: German Federal Ministry of Labor. w, is the wage for unskilled collar workers as
categorized by the lowest performance group of blue collar workers (“Leistungsgruppe 3, Arbeiter”). ws
is the wage for skilled workers as categorized by the highest performance group of white collar workers
(“Leistungsgruppe 2, Angestellte”), Source: German Federal Statistical Office. On average over the period
under consideration, both performance groups each account for roughly 10% of total employment.
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A.1.2 Descriptive Evidence to Proposition 3

Another implication of the model is that whatever tends to boost wage dispersion (be
it skill-biased technological change or increased competition from low wage economies)
leads to higher unemployment because the relative wage cannot fully adjust to changes in
relative labor demand. The unemployment rate should thus be positively correlated with
the skill-premium. A regression of the unemployment rate u; on the skill premium (both
in first differences) for Germany, 1961 - 1995 yields:

Aup =0.002 +0.045 - AZ2L (adj. R =0.2753)
(2.09)  (3.73) Wy t

where t-statistics are given in parentheses.?? The effect of changes in the skill premium
on the unemployment rate is highly significant. This substantiates the theoretical result

in Proposition 3.

A.2 The Extensive-Form Game Underlying the Nash Bargaining Solu-
tion

Consider the following game: The union and the firm bargain according to the alternating-
offers procedure. If the parties reach agreement on w, at time ¢ - A\, then the union’s

[respectively the firm’s| payoff is
U (wy) - e Punion ™2 [respectively 7 (wy) - e Prirm T4, (18)

where U (w,,) and 7 (w,,) are given by (7) and (2) respectively, A is the time span between
two successive offers, and pyo, and p ., are the union’s and the firm’s discount rates.
Immediately after any party rejects any offer at any time, with some probability, the nego-
tiations break down in disagreement, and with the complementary probability, the game
proceeds to time (¢ + 1) - A and the party makes its counteroffer. The union [respectively

the firm] believes the probability of breakdown to be

eunion'A

Punion = 1 — e~ [respectively pfipm =1 — e~ Osirm &), (19)

The payoffs in the case of breakdown at time t - A\ are
UO . e_p'uxnion't'A and o - e_pfirm't'A’ (20)

where Uy and 7 are given by (16) and (17) respectively.

In the limit as the time between two offers shrinks to zero (A — 0), the unique subgame
perfect equilibrium to this game converges to the solution of the following maximization

problem:3°

Wy =argmax{U—U}>‘- {77—7_1'}1_/\, (21)

29The data on unemployment rates are from the German Federal Labor Office.
30See Muthoo (1999).
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efi'rm .
pfi'rm +9f7/rm

pfirm+9fiTm 17' — eunion

W =
here A Punion +pf7/rm +9union +0fzrm ’

-Uy, and 7 = .

punion'i'eunion
If the parties’ discount rates (pyuion, and py.,,) are sufficiently small relative to their
beliefs of the breakdown probabilities (Qunion and 0 firr,), this maximization problem is

approximately equivalent to the one stated in (15).

A.3 The Nash-Bargaining Solution

Subsection 5.1 considers the case where the wage is determined in negotiations between
the union and firms. The outcome of the negotiation is modeled as the general Nash

Bargaining solution and is given by:

A wy, 1 _r
STy Pl 4
<g-au) T=p 4P W
* w* s u
'Z,Uu = e u Sl

Comparative statics with respect to the productivity parameters yield:

dw,  ay il {W,zu + (1 to-p: m) 'TIY,ZJ .
Wu  Gu >
O Wu (1= p)+ 1y, - [77Y,lu+ <1+¢'P'm) '?ms}
1 — 2 . o - .
oly a, X p-(1-N) M ) Myl ~0
O b 1= peg, - (14 st 0
B [ [— S
awu as Myl A p-(1=X) Ny,ls -0
a(ls Wy, 1 4 nl}il;; . (1 + )\+p./(\17>\) . ¢ . 77Y,ls)
A
Oy as  Olu g (1 ~xeaw ¢ 77Y,lu) Nyl “0

T AQas
Oas 6au ly 1—p—§—7]y’lu-(1+m‘¢'mﬂls)

An increase in the unskilled workers productivity a, leads to an increase in both employ-

ment of and wages for unskilled labor. This result corresponds to Proposition 1.

An increase in the skilled workers productivity as leads to an increase in the wage
for unskilled labor and a decrease in unskilled employment. This result corresponds to

Proposition 2.

Skill-biased technological change (an increase in as/a,,) leads to a decrease in employ-

ment. This result corresponds to Proposition 3.
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A.4 CES Technology

Subsection 5.2 considers the case where the firm’s technology is of the more general CES

type:

@

Y = [(au - 1u)” + (as - 15)”]

In this setting, the equilibrium wage for and employment of unskilled labor are given by:

1 2 1
wuzi.e Moy ywey ILLY lu:;.n}/’lu.e"llu,wu

Employment effects of skill-biased technological change are given by:

_1 1
e (140) +1 ) 14
Oy a _ ((1ﬁ+ 19) d 20 o =0
Ba I, I < P=
1—p —L(LjLLg) 1+6)+1 1+9
1-8 " 1—p

where 0 = (ai_iu) g . Skill-biased technological change has adverse employment effects if the
elasticity of substitution between unskilled and skilled labor is larger than 1. If unskilled
and skilled labor are complements (p < 0), employment increases in the presence of skill-
biased technological change.

Proof. A sufficient condition for the above inequality to hold is that the numerator
I S 1 1

MQ + and the denominator 1 — p | ——2—=2__9 + 9| are both positive.
(1 el 9) 1+9 P (ﬁ+ﬁ9) 1+0

For p <0, this is obvious. (Remember that 3 € (0,1).

p>0:

Sign of the numerator:

1 1 ) (1+0) ?
— +1>0
(1—5 1—p (1,g+1 9)2

For 3 > p, the numerator is obviously positive.

146
(+50)
P 146

1,1 4)?
Because &gel_"—”g) <0, —1H0 g largest when 6 is smallest, ie, § =1 :

g Em—
(o) + ()

1 1 (1+6)
(515 <;+L9)2+1_ E—

For 8 < p, (Tﬁ — L) ( 110 is most negative, when is largest.

1—p 1 1 2
mhfpe)

A

>0
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s f= - >1

This means that the numerator can never be negative. Even with 6 = 1, 8 would have to

be larger than 1 for (ﬁ — 1%,)) % + 1 to become negative.
5150

This establishes that the numerator is positive. How about the denominator?

Sign of the Denominator

>0
0
Because the inequality holds even for 6 — oo :
11 9
. B =6 " T=p 4 —1_
pm 1 —p 2055 =1-r>0

it must hold for all possible values of 6. This establishes that the denominator is positive.
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