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I. Introduction

One of the most worrisome labor market trends in countries such
as Australia, Canada, the United Kingdom and the United States has
been an increase in wage dispersion since the early 1980s. In the
United States, the increase has been particularly sharp: between 1979
and 1988 the ratio of the average wage of college graduates increased
by over 15 percentage points relative to the average wage of high
school graduates. In the manufacturing sector, the ratio of average
payroll wages of non-production workers relative to those of
production workers rose by nearly 10 percent between 1979 and 1989
(Lawrence and Slaughter, 1993). During the same period, the ratio of
non-production to production workers rose by almost a quarter. In the
United Kingdom, the share of non-manual workers in total employment
rose by about 0.4 percentage points per annum during the 1980s, while
the gap Dbetween Thighest- and lowest-paid workers widened
substantially, with a sharp rise in the relative pay of non-manual

workers (Machin, 1994).

Increased wage dispersion within industrial countries has been
related by a number of economists to trade competition from low-cost,
low-income developing countries, which induced a shift of
manufacturing activities away from labor-intensive, low value-added
industries.’ Wood (1995), in particular, has argued that the growth

: : 2 . . .
in trade with developing countries” explains most of the reduction in

For an overview of alternative expanations of changes in the
wage structure and the composition of employment in industrial
countries--including the role of migration and the relative cost of
capital--see Brauer and Hickok (1995), Burtless (1995), and Friedberg
and Hunt (1995),

’The share of imports from developing countries has increased
from 14 percent in 1970 to one third at the moment in the United
States, and from 5 percent to 12 percent for the European Union. The
composition of imports has also changed considerably over the past few
decades, and include a much higher proportion of manufactured goods--
over half of developing countries’ exports, compared to 5 percent in
the mid 1950s.



the demand for unskilled labor and the increase in the relative wage
of skilled workers in industrial countries. Countries that
experienced the largest increases in imports from developing countries
between 1970 and 1985 also saw the largest increases in wage

inequality.3

However, it appears difficult to believe that increased
competition from developing countries’ imports could explain more than
10 or 20 percent of the decline in the relative wage of unskilled
workers in industrial countries. 1In the United States, in particular,
imports of manufactured goods from developing countries represent only
a small fraction of output, and only a small proportion of unskilled
workers are employed in manufacturing. An increasing number of
economists have taken the view that the rise in wage dispersion and
the increase in the ratio of skilled to unskilled employment are both

related to skill-biased technological change.h

This paper examines in a formal analytical framework the effect
of skill-biased technological progress on wage dispersion and
employment. The model considers an economy where the labor force is

heterogeneous, and where efficiency considerations and minimum wage

*In support of Wood's view is the Stolper-Samuelson theorem,
which states that countries relatively well-endowed with unskilled
labor will export products that use such labor relatively intensively.
INcreased exports from these countries to countries relatively well
endowed with skilled labor will raise the wages of unskilled workers
in the former, and of skilled workers in the latter.

‘see Berman et al. (1994) and Slaughter (1994) for the United
States, and Brauer and Hickok (1995) for a review of the evidence. It
should be noted that the “trade competition" ~view and the
"technological change" view are not necessarily exclusive of each
other. Employers in industrial countries may have adopted new
technologies to save on the unskilled labor precisely because they
have been competing more intensively with low-wage foreign

competitors. Such new technologies may have led to improvements in
firms' competitive position by inducing them to shift to high
value-added production processes. This shift, in turn, may have led

to a reduction in the relative demand for unskilled labor and a rise
in the relative wage of skilled workers.



legislation in a "primary", high-wage sector lead to a segmented labor
market.’ More specifically, in the primary sector efficiency wages
are paid to skilled workers, whereas unskilled workers earn a
legally-binding minimum wage. In the "secondary", low-wage sector,
however, wages are fully flexible and there are no barriers to entry.
Skilled and unskilled workers who are unable to find a job in the
primary sector may or may not be willing to work in the secondary
sector, depending on the level of unemployment benefits. Thus, in

equilibrium unemployment of both categories of workers may emerge.

The remainder of the paper is organized as follows. Section II
describes the analytical framework and the nature of alternative
equilibria. Section III analyzes the wage and employment effects of a
skill-biased technological in the primary sector, and discusses the
policy response that may be appropriate to mitigate these effects.

Section IV summarizes the main results of the analysis.

II. The Analytical Framework

The economy considered possesses two production sectors, which
are distinguished by two sets of characteristics (differences in wage
formation, and the production technology), and employs two categories
of workers. In the primary sector, production requires highly-
qualified workers as well as workers with limited qualifications.
Labor legislation is binding and wages are set by government fiat (for
unskilled 1labor) or firms'’ optimization decisions (for skilled

6 .
labor). In the secondary sector, the production process requires

’see Dickens and Lang (1988) for a recent discussion of the
theory of segmented labor markets. Our analysis is based on the
shirking model of Stiglitz and Shapiro (1984). Models of dual labor
markets (with homogeneous labor) in which efficiency wages are
determined along the lines suggested by Shapiro and Stiglitz have been
developed by Bulow and Summers (1986) and Jones (1987).

*More generally, it could be assumed that the government sets a
minimum wage for both categories of labor in the primary sector, but
that the legislated wage is binding only for unskilled workers.
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only workers with 1limited qualifications, and wages adjust
instantaneously to clear the labor market. Skilled workers may,
however, seek employment as unskilled workers in the production of the
secondary-sector good. There are no physical or institutional
impediments to mobility across sectors, for either category of

workers.
1. Workers’ decisions

The total labor force is fixed and equal to L. The number of
skilled or "educated" workers is equal to L_, and the number of
unskilled workers is iU = i-iE. Skilled workers are risk-neutral and
dislike effort. Their instantaneous utility function takes the linear
form u(w,e) = w - e, where w is the wage earned in the sector of
employment and e the level of effort demanded by employers. As in
Shapiro and Stiglitz (1984), effort when employed in the primary
sector is a discrete variable: high-ability workers either supply the

constant positive level of effort required from them (e = e_ > 0) or

no effort at all (e = 0). When employed in the secondarf sector,
however, skilled workers always provide the level of effort e = e
where 0 < e, < e, represents the constant level of effort provided by
unskilled workers, regardless of the sector of occupation. Unskilled
workers are also risk neutral, so that their instantaneous utility
function (appropriately normalized) can be written as u(w,eU) -
w - e The minimum wage 1is always higher than the going
(equilibrium) wage in the secondary-sector, so that unskilled workers
always look for job opportunities in the primary sector first. Both
categories of workers have infinite 1lives, and discount future
earnings at the constant rate p > 0. Neither group may lend or

borrow.
2. Wages and employment

There exists a fixed number of firms operating in each production
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sector. Firms in the flexible wage, secondary sector produce a
quantity QS of a traded good whose domestic price is set at unity,
using (unskilled) labor in quantity LSU' Supervision and monitoring
are costless, so that employed workers (as indicated above) always

provide the required level of effort e The production technology is

U
characterized by diminishing returns to labor and takes a quadratic

form for tractability:
2
Qs(lgy) = by + ByLlgy - by lgy/2. hyhyp >0 e

The demand for unskilled workers in the secondary sector is

therefore given by

d ,-1
where Wy denotes the market-clearing wage for low-ability workers,
which is determined below. The secondary sector is assumed to be

*
strictly lower than the minimum wage w;, to ensure that unskilled
workers will always look for job opportunities in the primary sector

first.

Firms in the primary sector use both skilled and unskilled labor
to produce a quantity QP of a traded good whose price 1is also
normalized to wunity. The production function is specified as a
second-order approximation, as for 1instance in Akerlof and Yellen

(1990):

2 2
QplpLpy) = ap + a;Lp + a,lp, - @y Lp/2 - ayylp,/2 + olgly,,  (3)

where a and a are positive. The coefficient o can be

1’ %2 2110 22

positive, in which case skilled and unskilled 1labor are (gross)
complements in the production of the primary sector good, or o can be
negative, in which case skilled and wunskilled labor are (gross)

substitutes. The existing evidence for industrial countries suggests
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that  production and non-production workers are Hicks-Allen
substitutes, that is, that the output-constant cross elasticities of
demand for each category of labor are positive (see Hamermesh, 1993).
This, however, does not preclude the possibility that these two groups
of workers may be gross complements, or that the output effect
dominate the substitution effect.7 In what follows, we will assume
that o > 0. As will be made clear below, while this condition is
sufficient to establish the main results of the paper, it is not
necessary. The main requirement is that the concavity terms in the
production function be large enough in relation to ¢, so that

+0 > 0 and a,,to > 0. These conditions are, of course, always

a
11 22
satisfied if the two labor categories are gross complements.

As indicated earlier, Unskilled workers employed in the primary
sector providea constant level of effort eU < eE. However, firms in
the primary sector cannot monitor perfectly on-the-job effort by
high-ability workers. The monitoring technology is assumed to be such
that there exists a constant probability q that a skilled worker
engaged In shirking is caught. If caught, the worker is fired and
faces two options. He either remains unemployed in the primary sector
and receives an unemployment benefit that is proportional to the going
wage for skilled workers, or he seeks employment as unskilled labor in

8
the secondary sector. In general, the choice between these options

depends on a variety of factors, both non-economic (such as the

"In addition, it can be shown that 1if the production function
exhibits constant returns to scale and if the only inputs are the two
labor types, then the two inputs are complements. For a constant
returns-to-scale production function with more than two inputs, the
"average" pairs of inputs are also complements (see for instance
Becker, 1971, p. 117).

’A third possibility would be for a skilled worker to seek
employment as unskilled labor in the primary sector. We exclude this
case by assuming that an employer whose aim is to minimize frictions
among co-workers would refrain from hiring skilled workers to work as
unskilled 1labor, along with highly-qualified workers in skilled
positions. This tendency is reflected in the observed practice of not
employing overqualified workers.



perceived loss of social status) and economic--for instance, whether
secondary employment has an adverse signaling effect, or whether it is
easier to seek employment in the primary sector by remaining
unemployed or working in a secondary sector job.9 Here the choice is
assumed to depend solely on whether the unemployment benefit is higher
or lower than the going wage in the secondary sector, adjusted for the
disutility of effort. Firms in the primary sector set the wage of
skilled workers so as to deter them from shirking and induce them to

provide positive effort.

Let b denote the exogenous turnover rate per unit time for
skilled workers. Following Shapiro and Stiglitz (1984), we use the
"asset equations” to derive the wage of skilled workers. Let Vﬁs
denote the expected 1lifetime wutility of a high-ability worker
currently employed in the primary sector who chooses to shirk, and let
Vﬁn be the expected utility stream if the employed worker is not

shirking. The asset equations are given by

PVE = wp + (b+Q)(VE-VE ), (4a)
PPpn =Yg ~ ¢ ¥ b(Vﬁ'Vis)' (4b)

where W is the equilibrium wage for skilled workers and Vﬁ the
expected lifetime utility of a high-ability worker who is not employed
in the primary sector. Equations (4a) and (4b) indicate that the

interest rate times the asset value equals the flow benefits

®We exclude the possibility of on-the-job search in the secondary
sector. Evidence in support of this assumption is rather mixed. The
findings summarized by Layard et al. (1991, pp. 235-50) suggest that
search for a high-quality job may be more successful when unemployed
than if employed in a low-quality job. In a more recent study
Pissarides and Wadsworth (1994) have found that skilled workers have a
preference for searching while employed, although search intensity may
vary with job tenure. In any case, allowing for on-the-job search in
the present framework would not alter significantly the basic decision
problem--and subsequent results--as long as searching while unemployed
is taken to be more efficient,.



(dividends) plus the expected capital gain (or loss). For instance,

if a skilled worker shirks, he obtains the wage w,_ without providing

E
any effort but faces a probability b+q of 1losing his job, thus
incurring a loss in welfare equal to Vgs-Vﬁ.

To elicit a positive effort level requires that Vﬁ; > Vgs, so
that

wg > pVﬁ + eEA/q. A = p+b+q (5)

Equation (5) 1is the no-shirking condition (NSC) derived by
Shapiro and Stiglitz (1984). 1In equilibrium this condition holds as
an equality, and a rational worker will be indifferent between working

and not working--in which case we assume he chooses to work.

The wage for unskilled labor in the primary sector is set by the
government at the minimum level w* The demand for unskilled labor in

U
*
the primary sector is thus determined by w, = aQP/aLPU’ which, using

U
equation (3), can be written as

d * d
LPU = (82 - Wy + aLE)/azz.

For a given level of wp the demand for skilled workers is given

by, using also equation (3):

d - w, + aLd

Lp = (g E P /311

Solving these last two equations yields
L (e y 6
PU(wU,wE,a) [(az-wu)all + a(al-wE)]/A, (6a)
d, * . *
_ LE(wU,wE,a) - [a22(al-wE) + a(az-wu)]/A, (6b)

where A = - 02 must be positive, to satisfy the second-order

852811



conditions for profit maximization. Equations (6) show that the
effect of an increase in the minimum wage on the demand for skilled
labor as well as the effect of an increase in the efficiency wage on
the demand for wunskilled 1labor depends on whether skilled and
unskilled labor are complements or not. Since o is assumed positive

d d,, *
here, aLPU/awE < 0 and aLE/awU < 0.
3. Equilibrium and unemployment

The equilibrium solution of the model requires solving for the
market-clearing wage for unskilled workers and calculating Vﬁ, the
expected lifetime utility of a skilled worker not employed in the
primary sector, to determine We- As indicated before, a skilled
worker who is not hired in the primary sector can either work in the
secondary sector (and supply the constant level of effort eU) or enter
the unemployment pool and receive an unemployment benefit without
providing any effort. The decision between these options depends on
the perceived costs and benefits of remaining unemployed, compared to
working in the secondary sector. The high-ability worker gets utility
(per unit time) of w - ey in secondary employment and ewE if
unemployed, where 0 < 8 < 1 measures the unemployment benefit rate.’’
For simplicity, we will follow Shapiro and Stiglitz (1984) in assuming
that a skilled worker perceives the transition probabilities into a
primary job out of each of these two states as identical and equél to
the exogenous hiring rate, a. The asset equation for a worker who is

not employed in the primary sector is therefore equal to

pVﬁ - 6wy + a(vﬁ-vﬁ), w0, -e. < 6w (7a)

10
In practice, most unemployment benefit schemes phase out

financial assistance gradually. The assumption that 6 remains
constant over time is, nevertheless, consisten with our focus on the
steady-state behavior of the economy. We also abstract in what

follows from the budget constraint that the government may face in
financing the unemployment benefit scheme.
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pVi -, - eyt a(Vﬁ-Vﬁ), w ey > B (7b)

where it is assumed that, in equilibrium, the no-shirking condition
(5) holds with equality so that Vﬁn - Vﬁs - Vﬁ. The quantity a(Vﬁ-Vﬁ)
in equations (7) is equal to the net expected utility gain of being
employed in the primary sector, times the probability (per unit time)

of being hired in that sector.

Solving (4b) and (7) simultaneously allows us to write the
expected discounted utility of a skilled worker not employed in the

primary sector as
-1
pVﬁ = {} {e(ﬂ-a)wE + a(wE-eE)}, w, -e < 6w (8a)
pVE =w - e, + aﬂ-l (w.-e.) - (w,-e,) w,, -e. > 8w (8b)
N U U E E u v’ Uu-u E
where 1 = at+p+b. Substituting these results in (5) yields

wp > ﬂ-l{e(ﬂ-a)wE + a(wE-eE)} + eEA/q, w,-ey < GwE (9a)

€
[\

-1
wyey + afl {(wE-eE) - (wu-eu)} + eEA/q. wy-ey > GwE (9b)
In a steady-state equilibrium, the flow of skilled workers in and
out of employment in the primary sector must be equal, so that

d - .d
bLE - a(LE-LE). (10)

Substituting equation (10) for a in equations (9) yields the
steady-state NSC:
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e bL

E | E
W, > A+ w,.-e < Bw (11a)
E = Nt = d}’ U = Yk

q(l-8) LE - LE
e be
wp - ep > (wU - eU) + —a—{p + _:____—E_}' wytey > GwE (11b)
LE-LE

Equations (11) hold as equalities in equilibrium. They indicate
that to deter skilled workers from shirking, firms must pay a going
wage sufficiently high relative to the opportunity cost of effort. A
higher rate of unemployment benefits (an increase in 8) raises the
efficiency wage. The gap between the wage paid to high-ability
workers and the market-clearing wage earned by those with limited
qualifications is higher the higher is the required effort in the
primary sector, the higher is the turnover rate, the higher is the
discount rate--since future losses incurred if caught shirking are
less valued--and the lower is the probability of being caught shirking
and subsequently fired. An important difference between equations
(lla) and (l1b) is that in the first case, an 1increase in the
market-clearing wage for unskilled workers has no effect on the
efficiency wage (since, as indicated in equations (6), the demand for
highly-qualified workers depends only on the 1legal minimum wage),

while in the second case it has a positive effect.

The market-clearing wage for unskilled workers depends on whether
workers seek employment in the secondary sector or not. For skilled
>
v ey < GwE. Regarding
unskilled workers, supppose for the moment that none of them have

workers, the decision depends on whether w

access to the unemployment benefit scheme. As a result, unskilled
workers who are unable to find a job in the primary sector always seek
employment in the secondary sector--since there are no barriers to
entry there. If skilled workers choose to remain unemployed, the

equilibrium wage is determined by, using (2):

- d
Ly-Lpy = (By-w) /). wy-ey < B (12a)
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while if they seek employment in the secondary sector, we have

= .d = d
(LU-LPU) + (LE-LE) - (hl-wU)/hll. W, ey > GwE (12b)

Substituting equations (6) in equations (12) yields the market-

clearing wage for unskilled labor:

-1 * -
w, = hl + hll{A [all(az-wu) + a(al-wE)] - LU}’ W,y < GwE (13a)

-1 * —
wy = hl + hll{A {a - (all+a)wU - (322+a)wE] - L}, w,-ey > GwE (13b)

where a = a,a,, + a,a,; + a(a1+a2) > 0.

Equations (13) show that an increase in the minimum wage reduces
the market-clearing wage for unskilled workers, since it lowers demand
for that category of labor in the primary sector and raises the supply
of labor in the secondary sector. An increase in the efficiency wage
also lowers the market-clearing wage, since (given our assumption that
g > 0) it reduces the demand for both skilled and unskilled labor in
the primary sector, thus raising the supply of workers in the
secondary sect:or.11 Finally, an increase in the total labor force
(equation 13a) or in the total number of unskilled workers (equation

13b) reduces the market-clearing wage.

The two possible equilibria that may emerge in this model are
illustrated in Figures 1 and 2. In the first case, the market-
clearing wage for unskilled workers--net of the disutility of effort--

exceeds the unemployment benefit (wU- > ewE), high-ability workers

ey

1n the case where W€y > ewE, there is of course a feedback

effect from w, to w. as indicated by equation (11b).
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subject to job rationing accept to work as unskilled labor in the
secondary sector, and there is no unemployment. The full employment
equilibrium is illustrated in Figure 1. Substituting equation (6b)
for the demand for skilled workers in the NSC equation (11b)--holding
with equality--yields a positive relation between we and Wy s which is
shown in the North-West quadrant of the diagram. The position of the
NSC curve depends on the minimum wage for unskilled workers, as
indicated in the figure. When skilled workers choose to seek
employment in the secondary sector the no-shirking efficiency wage

will depend, through w , on the level of employment of both categories

of workers in the priégry sector. In the North-East quadrant of the
diagram, the demand curves for skilled and unskilled workers in the
primary sector are shown to be inversely related to the efficiency
wage--reflecting our assumption that o > O. The supply constraint
imposed by the given size of the labor force is shown in the
South-East quadrant. The 45 degree line in that quadrant allows us to
report the demand for unskilled labor in the primary sector from the
North-East quadrant to the South-West quadrant, while the labor supply
constraint determines, given the level of employment of skilled
workers, the residual supply of labor in both sectors,
f-Lg = fU+(fE-Lg), at point B. This quantity is also equal to total
demand for low-ability workers, the demand curve of which is also
shown in the South-West quadrant as LgU+LgU(). By substracting
vertically from the total demand curve the level of employment of
unskilled workers in the primary sector, the demand curve for
unskilled labor in the secondary sector and the market-clearing wage
are obtained. The equilibrium wage for wunskilled workers Iis
determined at point €, which then determines the efficiency wage
through the NSC curve at point D."? Total employment in the secondary
sector is measured by CC’. Finally, given the NSC, the demand for

skilled labor is determined at point A.

Zhote that, from equation (11b), the market-clearing wage for
unskilled labor 1is always lower than the efficiency wage paid to
skilled workers.
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In the second case, where the market-clearing wage for unskilled
labor (adjusted for the disutility of effort in the secondary sector)
is too 1low relative to the unemployment benefit received by
high-ability workers subject to demand rationing in the primary sector
(wU-eU ew ), skilled workers prefer to remain unemployed, rather
than work 1n the secondary sector. The unemployment equilibrium is
illustrated in Figure 2, which is constructed essentially in the same
manner as Figure 1. The NSC, however, is now horizontal--since it
does not depend on w, - -as shown in the North-West quadrant of the

diagram. The demand for skilled workers is again determined at point

A, but unemployment prevails, at the rate (fE-Lg)/fE.

The above analysis can be easily extended to consider the case
where unskilled unemployment emerges in equilibrium. Suppose that now
a "core" group of unskilled workers, denoted LU’ is "tied" to the
secondary sector.® Suppose also that all workers in the remaining

group L have access to the unemployment benefit scheme, and earn a

benefltU ezual to Swu if wunemployed, where for simplicity the
unemployment benefit rate is taken to be the same as the one
applicable to unemployed skilled workers. In these conditions, the
equilibrium condition of the 1labor market continues to be given by

equation (12b) if (w -e )/6 > max(w , W ), but by
LU - (hl-wu)/hll, (12a)

if that inequality is reversed. Assuming that skilled workers are

higher than the minimum wunskilled unemployment would thus emerge
d

U L LPU U Figure 3,

which is constructed in a manner similar to Figures 1 and 2,

whenever w,-e < Bw and would be equal to L

13By.viewing the secondary sector as encompassing the underground
economy, the "core" group can be taken to consist of illegal (or
undeclared) workers, In the absence of this assumption, a corner
solution in which no unskilled workers are employed in the secondary
sector may obtain,
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illustrates the case of generalized unemployment.

Thus, in the above framework, unemployment can be deemed
voluntary and involuntary. It is involuntary in the sense that
employment opportunities in the primary sector are demand constrained,
and all workers would prefer to work at "high" wages. It is also
voluntary, however, in the sense that both categories of workers could
find employment in the secondary sector but opt not to seek a
secondary-sector job-- because unemployment benefits are "too high"
relative to the return offered by available employment opportunities.
By choosing an appropriate value of 8, the unemployment benefit rate,
the government could eliminate the source of frictions in the labor

14
market.

ITI. Skill-Biased Technological Shock

As indicated earlier, many economists have attributed the
increase in wage dispersion and the ratio of skilled to unskilled
employment observed during the 1980s in countries such as the United
States to a large change in the composition of labor demand induced by
biased technological change towards skilled labor. In the context of
the analytical framework developed in the previous section, a
pro-skilled, anti-unskilled change in technology can be modeled as

consisting of an increase in the parameter a, coupled with a fall in

1

the parameter a, in the production function of the primary sector

2
good, given by equation (3).

For simplicity, suppose that initially there is no unemployment,

so that the condition W, ey > ewE holds, and that at the initial level

Yof course, if workers differed in their perceived disutility
derived from working in the secondary sector, an equilibrium in which
"partial" unemployment could also emerge. In such conditions, an
adjustment in the unemployment benefit rate may not be sufficient to
eliminate unemployment.
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of wages in the primary sector the resultant aggregate change in the

total demand for 1labor in the primary sector induced by the
d  .d

9 < 0) 1is zero, or d(LPU+LE) =0,

This assumption is particularly appropriate here, since it rules out

technological shock (dal > 0, da

employment effects induced (at the initial level of wages) by a
reduction in the demand for labor in the primary sector. Equations
(6) imply therefore that the effect of the change in technology can be

measured by

dal/daz = - (a11+a)/(a22+a) < 0, (14)

Holding total labor supply fixed, equations (3) and (6) yield the
output effect of the technological shock:

s8(dQ,) = sgl(a;-wy) - (a,-wp)]. (15)

Equation (15) indicates that the effect of the technological
shock on primary sector output is positive only if the "excess" of the
initial productivity of skilled workers over the efficiency wage
exceeds the corresponding "excess" productivity of unskilled workers . '?

Equations (6) and (12b) imply that

L= A-l[a - (a11+a)wZ - (a22+a)wE] + (hl-wU)/hll, (16)

from which it can be inferred that, using (14), and since a22+a > 0,
_ *
dL = dwU = 0:

dwU o hll(a22+a)

dwE A

< 0. (17)

Equation (17) indicates that the induced change in the ratio of

the market-clearing wage of unskilled workers over the efficiency wage

Note that a, measures the marginal productivity of the "first"

skilled worker, and similarly for a,.
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of skilled workers is negative. From equations (6b) and (11b), we

have

-1 vda, -, = d2
do (148 ay,7) = doy + ——, v = egbL/q(Ly-Ly) (18)

a+a11

which yields, using equation (17):

dw YA/ (a,,+0)
E . 11 > 0. (19)

da1 Atvya +o)

227h11(3,

Equation (19) shows that the absolute change in skilled workers’

wage induced by the technological shock is positive.

Taken together, the results displayed in equations (17) and (19)
imply that the condition that must be satisfied for preventing
unemployment (wU-eU
implication can be assessed graphically, as shown in Figure 4, which

> ewE) becomes 1less 1likely to hold. This

for simplicity focuses on the case where unskilled workers do not have
access to the unemployment benefit system--so that, as in Figure 2,
only unskilled unemployment may emerge in equilibrium. The equation
of the QQ curve shown in the North-West quadrant of the diagram is
= e_l(w

given by w and represents the combinations of the

-e
efficiency Qige and ;iel;arket-clearing wage for which skilled workers
are indifferent between unemployment in the primary sector and
employment in the secondary sector. The initial equilibrium is at a
point like D on the NSC curve, which must be located to the left of
u ey > ewE. The effect of the
technological shock is to shift the NSC curve upwards and increase its

the QQ curve to ensure that w

slope, as indicated by equation (18). If the shift is large enough,
equilibrium may obtain at a point like D’, located to the right of the
QQ curve, hence implying the emergence of unemployment of skilled

labor (approximated by the distance AF in the North-East quadrant)
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since we now have wy-ey < GwE.ls More generally, the new equilibrium
may be characterized by both skilled and unskilled unemployment.

Consider now the effect of the technological shock on the
composition of employment in the primary sector when wages of skilled

*
workers are allowed to adjust. From equations (6), with dwU = 0:

dw da
d d -1 E 2
d(LPU+LE)/da1 = A {- (a22+a)——~—— + (a22+a) + (a11+a)—————},

dal dal

which implies, using equation (14):

dwE

dal

ad +L§)/da1 - (a22+a)A‘1( ) < 0. (20)

PU

Equation (20) indicates that, given our assumption that labor
inputs are complements, the aggregate effect of the technological
shock on employment in the primary sector is negative. From equations

(6) we also have

da dw
d -1 2 E
dLPU/dal = A {all + o(l - )},
dal dal

da dw
dalsda, - s Ho(—2) + a,,a0 - —E},
&/ 22
dal dal

®The technological shock also shifts the position of the demand
curves for labor in the North-East quadrant of Figure 4: the demand
curve for skilled workers shifts to the right, while the demand curve
for unskilled workers shifts to the left. The shifts in these curves
are such that at the initial wage level corresponding to point A,
total demand for labor in the primary sector does not change, as
indicated earlier. These changes in turn affect the demand curve for
unskilled labor shown in the South-West quadrant. For clarity, these
changes are not shown. The measurement of unemployment of skilled
workers by the distance AF in Figure 4 must therefore be viewed as
illustrative.
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so that, using equation (14):

dw
ard sda. = - - on £y, (21a)
PU 1 a,,to da
11 1
dw
arljga, - 1 o Al —E. (21b)
g/9%) N 22 -
117° 1

Equations (21) indicate that the effect of the technological
shock on the employment level of each skill category can be decomposed
in two parts. The first, measured by the term 1/(a11+a), is the
direct effect. It reflects the replacement of unskilled 1labor by
skilled labor."’

dwE/dal in both equations, and results from the change in the wage

The second, indirect effect 1is proportional to
paid to skilled workers. A higher efficiency wage induces a drop in
the demand for skilled labor, and changes the demand for low-ability

workers in that sector according to the sign of o.

Substituting equation (19) in equations (21) yields

d 1 i
dLPU/dal = - ———————{1 + } < 0, (22a)
(a,,to) Atya (a,,to)

11 22701185,
vya
dLg/dal - ;{1 ; 22 } > 0. (22b)
(a11+o) A+7a22+h11(a22+0)

Equations (22) show that the level of employment of unskilled
workers always declines as a result of the shock, while the employment

level of high-ability workers may either rise or remain constant. The

The fact that unskilled labor is replaced by skilled labor is
consistent with our assumption of gross complementary of labor inputs,
since the technological shock induces a shift in the production
possibility frontier itself, rather than a movement along the initial
transformation curve.
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change in the demand for skilled labor reflects two conflicting
forces: the direct, positive effect of the technological shock, which
increases demand, and the higher efficiency wage, which reduces it.
As shown in equation (11b), the premium earned by skilled workers (the
efficiency wage minus the market-clearing wage for unskilled workers,
both adjusted for the 1level of effort) is proportional to the

efficiency factor, e The proportionality factor increases with the

level of employment if skilled workers, which follows from the use of
the competitive, secondary sector wage as a discipline device--whose
effectiveness diminishes when the demand for skilled workers rises.
If efficiency requirements for high-ability workers are not an
important consideration for firms (eE > 0), the technological shock
does not call for a change in the wage earned by skilled labor: from

the definition of y given in equation (18), v » 0 if e, > O so that,

from equation (19), dwE/dal > 0.18 In turn, using equafﬁon (20), this
result implies that total employment in the primary sector remains
constant: firms' demand for skilled workers is satisfied from the pool
of high-ability workers that were previously employed as unskilled
labor in the secondary sector. As shown by equation (17), the
reduction in the supply of labor in the secondary sector induced by
this "reflow" of high-ability workers to the primary sector does not
affect the market-clearing wage for low-ability workers (dwU = 0): it
is fully offset by the increase in the supply of unskilled workers who
lose their jobs in the primary sector.19 In these circumstances, only

the direct effect of the technological shock operates.

®This experiment is a limiting case, since all workers are paid
their marginal product when ¥ = 0. Note also that in the absence of
wage efficiency considerations and in the presence of employment of
skilled workers in the seoncdary sector, firms have no incentive to

pay a wage premium, and hence wp = W It can be verified that in

this case both the uniform wage and the level of employment in the
primary sector will remain unaffected by the type of technological
shocks considered here.

19Implicit in this argument is the assumption that the initial,
pre-shock excess supply of high-ability workers is large enough to
accomodate the labor demand shift induced by the technological shock.
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In the presence of efficiency considerations (eE > 0), by
contrast, the higher demand for skilled workers induced by the
adoption of the new technology reduces the effective penalty incurred
by skilled workers caught shirking, since the likelihood of finding a
highly-paid job increases. Hence, the technological shock calls for a
higher wage premium, generated by both an increase in the wage paid to
high-ability workers and a corresponding decrease in the competitive
wage earned by low-ability workers; both effects are proportional to
eE.20 In turn, this induces a secondary adjustment of labor demands,
whose magnitude depends on o. An increase in the required level of
effort has the effect of bidding up the efficiency wage (as can be
seen from equation 19), reducing the aggregate demand for labor in the
primary sector (as indicated by equation 20) and hence lowering the
market-clearing wage for unskilled labor. A higher required level of
effort implies that the change in the demand for skilled labor is
smaller, as the secondary effect offsets partially the direct
technological effect. Hence, we conclude that the adverse employment
effect of the new technology is a direct consequence of efficiency
considerations. When such considerations are important in the primary
sector, the adverse employment effect of the technological shock is

magnified, requiring a fall in the market-clearing wage for unskilled

labor and an increase in the wage paid to skilled workers.?!

The proportionality of dwE/dal to ep can be seen directly from

equation (19). Substituting equation (19) in (17) yields
do, /da, = - v[l+va,, + A h, (a, +0)] 1h, (a, +0)/(a, +0)
/| 22 112722 11*722 11 ’

which is proportional to y and thus to ep

“The foregoing analysis assumed that the technological shock
shifted the demand curves for each category of labor in the primary
sector in opposite directions, while 1leaving aggregate employment
unchanged at the initial level of wages. This assumption enabled us
to isolate the employment effect of wage efficiency factors. The same
methodology can be applied to evaluate the effect of shocks affecting
only one of the demand functions, as shown in Appendix I.
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What can the government do to dampen the adverse effect of the
technological shock on employment in the primary sector? In the above
framework, the apropriate policy response is to reduce the
unemployment benefit rate. 1In the case illustrated in Figure 4, the
reduction in 8 rotates the QQ curve clockwise to Q’Q’. The rotation
must be large enough to ensure that the new NSC is located to the left
of Q’Q’. Formally, a lower bound on the required adjustment in the
unemployment benefit rate 1is determined by the condition that

wEde - dwu-edwE, so that, using equation (17):

de = - {8 + ———ll—-——-(dwb/wE), (23)

hy,(o+ay,)

which shows that the needed downward adjustment in the unemployment
benefit rate increases with the initial rate, 6. Hence, in countries
that operate very generous unemployment benefit systems, the
appropriate reduction in benefits that is required to offset the
adverse employment effect of a pro-skilled technological shock may be

relatively large.

It is worth noting also what happens if the government, instead
of reducing the unemployment benefit rate, decides to lower the legal
minimum wage w;
to increase their demand for unskilled labor. Specifically, Appendix

--in an attempt to induce firms in the primary sector

IT considers the case where w; is adjusted downward to keep the level
of employment of unskilled workers unchanged following a skill-biased
technological shock of the type discussed above--which is such that at
the initial level of wages total demand for labor in the primary
sector 1is =zero. Assuming again an 1initial situation of full
employment (that is, W,y > ewE),
leads to an increase in wages in the secondary sector (at a rate that

a policy response of this type

depends negatively on the efficiency factor ), a net increase in

aggregate employment in the primary sector (in contrast to the case
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considered initially, where total employment fell), a rise in
employment of skilled workers, an increase in skilled workers’ wages
(again, at a rate directly related to the strength of efficiency
factors). Overall, relative to a situation where the minimum wage
remains constant, both skilled workers in the primary sector and
workers in the secondary sector benefit from the policy response.
Unskilled workers employed in the primary sector earn 1less, but
benefit from the lower minimum wage in the sense that their employment

level remains stable.

IV. Summary and Conclusions

In several industrial countries, the degree of wage dispersion
and the ratio of skilled to wunskilled employment 1increased
significantly during the 1980s. The purpose of this paper has been to
examine the extent to which skill-biased technological shocks may
account for these trends. The analysis was based on a two-sector
version of the shirking model developed by Shapiro and Stiglitz
(1984), which 1incorporates worker heterogeneity, minimum wage
legislation, and unemployment benefits. The first part of the paper
presented the analytical framework, and showed that a wage
differential emerges in equilibrium, as a result of efficiency wage
considerations in the primary sector and costless monitoring of
on-the-job effort in the secondary sector. Equilibria with full
employment or unemployment of both categories of workers were shown to
be possible outcomes, depending on the perceived disutility of effort

and the level of the unemployment benefit rate.

The second part of the paper focused on the effects of a
technological shock that reduces the use of unskilled labor, raises
the utilization of high-ability workers, and maintains primary sector
employment constant at the initial level of wages. It was shown that

the effect of a technological shock of this type on the demand for
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unskilled labor in the primary sector is always negative, whereas the
net effect on the demand for skilled labor reflects two conflicting
factors: a direct technological effect (which is positive), and an
indirect effect, which is negative and operates through changes in the
efficiency wage paid to high-ability workers. The analysis showed
that if efficiency considerations play a limited 1role, the
technological shock has no effect on wages and no effect on total
employment in the primary sector; employment of skilled workers rises
by the same magnitude as the fall in employment of unskilled workers.
When efficiency considerations are moderately important, the adoption
of the new technology raises the relative wage of skilled workers,
reduces aggregate employment as well as the employment level of
unskilled labor in the primary sector, and will in general raise the
employment level of skilled workers. However, a higher required level
of effort implies that the change in the demand for skilled labor is
smaller, as the secondary effect offsets partially the direct,
positive effect, and the level of employment of skilled workers may
remain unchanged. Thus, the effect of technological shocks on
employment of skilled workers depends crucially on the strength of

. . 22
efficiency considerations in the primary sector.

The analysis also showed that, given the interactions between the
two segments of the labor market induced by efficiency considerations,
a skilled-biased technological shock can move the economy from an
initial equilibrium in which there is no unemployment to a situation
where workers who are unable to obtain a primary- sector job may
choose to remain unemployed rather than seek employment in the
secondary sector. This result may help explain why in several
European countries (where  unemployment benefit  schemes are

considerably more generous than in the United States) the unemployment

*’Je have shown elsewhere (Agénor and Aizenman, 1995) that the
above conclusions continue to hold in a setting where secondary sector
firms set both wages and employment so as to minimize labor and
turnover costs.
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rate has steadily increased since the early 1980s, as documented for
instance by Layard et al. (1991). To offset this adverse effect,
policymakers may need to reduce the unemployment benefit rate in order
to restore work incentives. Alternatively, they may reduce the legal
minimum wage paid to unskilled workers in the primary sector, in order
to offset the effect of the technological shock on firms’ demand for
that category of labor. We have shown that a policy response of this
type raises employment and wages of skilled workers in the primary
sector (and thus total employment in that sector), as well as wages in
the secondary sector--to an extent that depends negatively on

efficiency considerations.
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Appendix I

Consider, to begin with, an increase in the productivity of

skilled labor only (dal > 0). Using equations (13b) and (16) yields

A hll(a22+a)} dwU/dalJ ) hll(a22+a)J
-1 1+(a221/A) dwE/dal a221/A

from which we have

dw dw

E
= [va,,th, (ay,+a)1/D > 0,

dal dal

U

+a)/D > 0, (AL)

= h;,(a,,

where D = A+ya, +h

20th11(855%0).

Equations (Al) show that an increase in the productivity of
skilled labor raises both categories of wages. The net effect of the

shock on the no-unemployment condition (w > GwE) is thus

-e
uu
ambiguous, but the possibility that the economy may shift to an
unemployment equilibrium cannot be ruled out. Using equations (6) and

(Al) yields

dw
de /da, = aA-l 1 - E = o/D, (A2a)
pu’ 941
da
1
drl/da, = a. a1 “e) D> 0 (A2b)
g/da; = 2,5, - Y% :
dal

These equations indicate that higher productivity of skilled
labor increases the demand for both categories of labor, given our
assumption of gross complementarity across inputs in the primary
sector. In general, however, the cross effect can take either sign.
In both cases, wage efficiency considerations dampen the magnitude of
adjustment. In the limit, when the required level of effort is very

large, the technological shock induces no adjustment in labor demand.
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Consider now the case where only the productivity of unskilled

workers falls (da2 < 0). Using again equations (13b) and (16) yields

A hll(a22+a) dwU/da2 ) hll(a11+a)
-1 1+(a227/A) dwE/da2 ya/A ’

from which we get
dwp = [yo + hll(a11+a)]da2/D <0, (A3a)
>
dw, = h;,(a;,+0-7)da,/D - 0, | (A3D)

where D is as defined above. Equations (A3) show that a reduction in
the productivity of unskilled labor (da2 < 0) lowers the efficiency
wage and has an ambiguous effect on the market-clearing wage.23 Thus,
as in the previous case, whether the no-unemployment condition will

hold or not cannot be determined a priori. Using equations (6) and
(A3) yields

d 1 dw
dLPU = A {all - o( )}da2 = (a11+1+h11)da2/D < 0, (Ab4a)
da
2
dw
a -1 E >
ad - a {a . azz(—)}daz ~ (0 - hy;)day/D 2 0, (Abb)
da
2
actq +19) = (o+a, +y)da,/D < O (Abc)
putlE 11 2 :

Equations (A4) show that a reduction in the productivity of
unskilled labor reduces the demand for unskilled labor, while the

23Note that if efficiency considerations were absent (v > 0),
lower productivity of unskilled workers in the primary sector would
reduce unambiguously the market-clearing wage because it would raise
the supply of labor in the seoncdary sector.
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impact on the demand for skilled labor depends on whether labor inputs
are complementary or not. In the case considered previously (¢ > 0),
the cross effect is ambiguous. However, despite this ambiguity, the
lower productivity of unskilled workers reduces the aggregate demand
for labor in the primary sector. It can also be verified that an
increase in the required level of effort has an ambiguous effect on
total labor demand in that sector. In particular, the reduction in
demand is magnified if the degree of input complementarity is not too

large (o < hll)'
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Appendix II

Consider an initial situation of full employment (w,, - > ewE)

e
U
*

and suppose that dwU is adjusted to ensure that dLgU/dal = 0. VUsing

equation (6a), this condition implies

*
a,.,da, - dwU + a(dal-dwE) = 0,

11982 ~ 411

or, equivalently:

*
daz ] dwU . L. dwE o
411 411 g '

dal dal 1

so that, using equation (14):

a, to dw dw
o - a,. (22 . a U _—E£ _o,
1 + 11 44 d
1179 1 4
which yields
duw, d
(M) (M)
T S U _+—E o, (B1)
a,.to 11 da da
11 1 1
2

where A = a - 0 > 0, as defined under equations (6).

22211

From the NSC condition (11b)--holding with equality--we get

*

dwE -1 dw ¥ -1 dwU
(1+A a227) = dwU + - yoh , (B2)

dal da1 a+a11 dal

where v is defined in equation (18). From equation (13b), which

defines the market-clearing wage for unskilled labor, we have : >

2"Note that from the definition of a we have
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*
dw dw
-1 U E
- hllA {-(a11+a)—;——— - (a22+a)—;———}.
1 4 4]

dwU

da

(B3)

Equations (Bl) to (B3) can be solved simultaneously for dwE/dal,
*
dwu/dal, and dwu/dal. The results are given by

dw dwU
= (+y/h; ) /¥ < 1, - 1/v,
da 1 d
1 41
*
dey -1
- {(a22+a) + hll[A + 7(a22+a)]}/(a11+a)w.
da
1
where ¥ = 1 + hii(a11+7) > 0. It should also be noted that since

s . d
dwU/dal > 0 and since (by definition here) dLPU/dal - 0,

d .d d
d(LPU+LE)/da1 >0 = dLE/dal > 0.

da da da
da - a + a 2 + o 1+———£— - (a,,+a) + (a,,+o) 2
da 22 11 da d 22 11 d
1 1 4] a1
a,,to
22
= (a22+a) (a11+a)( )y =0
a,.,to



- 31 -

References

Agénor, Pilerre-Richard, and Joshua Aizenman, "Technological Change,
Relative Wages, and Unemployment," unpublished, International Monetary

Fund (August 1995). Forthcoming, European Economic Review.

Akerlof, George A., and Janet Y, Yellen, "The Fair Wage-Effort
Hypothesis and Unemployment," Quarterly Journal of Economics, Vol. 105
(May 1990), pp. 255-83,

Becker, Gary S., Economic Theory, Knopf Publishers (New York: 1971).

Berman, Eli, John Bound, and Zvi Griliches, "Changes in the Demand for
Skilled Labor within U.S. Manufacturing: Evidence from the Annual

Survey of Manufactures," Quarterly Journal of Economics, Vol. 109 (May
1994), pp. 367-97.

Brauer, David A., and Susan Hickok, "Explaining the Growing Inequality
in Wages across Skill Levels," Economic Policy Review (Federal Reserve

Bank of New York), Vol. 1 (January 1995), pp. 61-72.

Bulow, Jeremy I., and Lawrence H. Summers, "A Theory of Dual Labor
Markets with an Application to Industrial Policy, Discrimination, and
Keynesian Unemployment,” Journal of Labor Economics, Vol. 4 (July
1986), pp. 376-414.

Burtless, Gary, "International Trade and the Rise 1in Earnings
Inequality," Journal of Economic Perspectives, Vol. 33 (June 1995),
pp. 800-816.

Dickens, William T., and Kevin Lang, "The Reemergence of Segmented
Labor Market Theory," American Economic Review, Vol. 78 (May 1988),
pp. 129-34,




- 32 -

Friedberg, Rachel M., and Jennifer Hunt, "The Impact of Immigrants on
Host Country Wages, Employment and Growth," Journal of Economic

Perspectives, Vol. 9 (Spring 1995), pp. 23-44.

Hamermesh, Daniel S., Labor Demand, Princeton University Press

(Princeton, New Jersey: 1993).

Jones, Stephen R., "Minimum Wage Legislation in a Dual Labor Market,"
European Economic Review, Vol. 31 (August 1987), pp. 1229-46.

Lawrence, Robert Z., and Matthew J. Slaughter, "International Trade

and American Wages in the 1980s," Brookings Papers in Economic

Activity, No 2 (April 1993), pp. 161-210.

Layard, Richard, Stephen Nickell, and Richard Jackman, Unemployment,

Oxford University Press (Oxford: 1991).

Pissarides, Christopher A., and Jonathan Wadsworth, "On-the-Job
Search: Some Empirical Evidence from Britain," European Economic

Review, Vol. 38 (February 1994), pp. 385-40l.

Sachs, Jeffrey, and Howard Shatz, "Trade and Jobs in US Manufac-
turing," Brookings Papers on Economic Activity, Vol. 1 (-- 1994), pp.

Shapiro, Carl, and Joseph E. Stiglitz, "Equilibrium Unemployment as a
Worker Discipline Device," American Economic Review, Vol. 74 (June

1984), pp. 433-44,

Slaughter, Matthew, "The Impact of Internationalisation on US Income

Distribution,” in Finance and the International Economy, ed. by

Richard O’Brien, Oxford University Press (Oxford: 1994).

Wood, Adrian, "How Trade Hurt Unskilled Workers," unpublished (March

1995). Forthcoming, Journal of Economic Perspectives.




Figure 1

Full Employment Equilibrium
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Figure 2
Equilibrium with Unemployment of Skilled Workers
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Figure 3
Equilibrium with Generalized Unemployment
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Figure 4

Effect of a Large Technological shock




