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dynamics of skill supply and wage inequality in an endogenous growth model with ability-
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reduces incentives to become educated for ordinary-ability workers. This mechanism
generates a non-monotonic relationship between the growth rate and skill supply driving wage
inequality upward during periods of accelerating technical change. This theoretical
explanation is consistent with the apparent negative relationship between the relative skill
supply and premium in the 1970s and 1980s in major OECD countries.
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Skill Supply and Biased Technical Change
Patricia Crifo’

This draft: June 2005

1 Introduction

This paper provides a theoretical analysis of tiieadchics of skill supply and wage
inequality in an endogenous growth model with &piiased technical progress.
Combined with the signalling role of education, Isuen ability-bias may imply a
discouragement effect to become educated for wenkgh ordinary ability. In turn, a
negative relationship between skill supply and dglhowould characterize periods of
widening within-groups inequality like the new imfisation and communication
technologies revolution.

This theoretical explanation is consistent with liedaviour of skill supply, and the
wage premium during the 1970s and 1980s in theedrfitates and Great Britain, and
with the evolution of the growth rate of the GDRlahe growth rate of labour supply
since the 1970s in major OECD countries, as doctedeim details in section 2. The
model proposed formalizes ability-biased technidadnge in a dynamic framework
where workers’ human capital is determined bothdmphnological progress and ability,
and the efficiency units supplied by the most ablke not influenced by the
technological level but by its growth rate, in #rit of Galor and Moav’s (2000) basic
argument. But our approach then focuses on thetimegalationship between technical
change and skilled labour supply induced by abbigsed technical change. Indeed,
ability-biased innovations cause a smaller fractibrworkers with ordinary ability to
choose to become educated by reducing the relegiuens to skills for such workers.
We propose a dynamic general equilibrium framewaikh endogenous technical
change to analyze the non-monotonic response tfssiiply to wage inequality both
between and within groups.

The argument that skill supply do matter in theletion of biased technical change

and wage inequality has echoes in two kinds of nsoskill-biased technical change. A
first category of models considers the impact dafl supply on wage inequality. In

" | would like to thank R. Dos Santos Ferreira, D.c&wua, C. Garcia-Pefialosa, E. Lehmann, J-Y.
Lesueur, H. Lloyd-Ellis, O. Moav, J-L. Rulliere, H. &ssens and participants at the Europaean
Economic Association, French Economic Association§B)-“Economics of Innovation”, IRES “Growth
and Incentives” Desigh and Economics Modelling Statistics (SESAME) meetings for their comments.
The usual disclaimer applies. The financial suppérthe Belgian French speaking community (ARC
99/04-235) and of the Belgian Federal Governmeat /10 and P5/10) is gratefully acknowledged.
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Acemoglu (1998), the rise in the supply of skilsthhe source of skill-biased technical
change, but supply itself is not influenced by thée of technological progress. In
Eicher & Garcia-Pefialosa (2001), a direct effecaroincrease in the relative supply is
to reduce the skill premium, but an indirect effexcto generate more innovations and
therefore a higher demand for skilled workers teasb new technologies. Supply hence
is crucial, but its effects are ambiguous. In GalofTsiddon (1997), the supply of
skilled labour is likely to decline along the lifete of technology. During periods of
major technological change (inventions), the retumability increase, which increases
inequality and relative supply. Yet, once techn@egbecome more accessible (with
innovations), the returns to ability decline, th®rereducing inequality and relative
supply. However, a low skill supply response is nohtemporaneous to periods of
major technological breakthroughs.

A second category of models analyzes the inverseeguivocal effect of biased
technical change on skill supply. In this retrogpdte present paper is closer to Eicher
(1996) who explains the positive links between tedhgical progress and the relative
wage on the one hand, and the long-term inverstutitions in the relative supply and
wage of skilled labour on the other hand. In hideipthe non monotonic relationships
between supply, demand and relative wages arerdiiyean absorption effect. The
absorption of bursts in technological progress ireguhe withdrawal of skilled labour
from research and education, which subsequentlse@ases the costs of both human
capital investment and innovatidn The incentives to accumulate human capital and
the supply of skilled labour is reduced, which dsgses growth. A higher rate of
technological change can therefore reduce the stdckuman capital, and higher
relative wages can lead to a decline in the suppbkilled labour. The absorption cost
of new technologies hence allows for inverse movemeén the relative wage and
supply of skilled labour in response to acceleratim technological change.

This article proposes a model that analyzes thikedkiabour supply response to
ability-biased technological change. Following Rgbein & Tsiddon (1997), inequality
both within and between education groups comes ft@msame source: the rise in the
returns to ability. When it increases the retumeducation, technological progress rises
the productivity of skilled labour, independentiydividual ability. This mechanism
explains the contemporaneous rise in both wageuadiég between groups and relative
skilled labour supply (since the incentives to lmeeoeducated is higher). But when
technological progress increases the returns tlityabi reduces, among those who
choose to become educated, the productivity ofghst able. The positive relationship
between technical change and wage inequality wighoups then reduces the relative
supply of educated labour, thereby driving wagejuadity upward.

This paper is organized as follows. Section 2 respempirical evidence available
for major OECD countries regarding the evolutiontio¢ growth rates of GDP and
labour supply, and the relative percentile distifiu of earnings since the 1970s.
Section 3 presents the basic structure of the mdfettion 4 defines the general
competitive equilibrium and section 5 analyzes ithpact of ability-biased technical
change on skill supply and wage inequality. Seci@oncludes the paper.

1Using a similar argument, Lloyd-Ellis (1999) showattthis absorption effect reduces innovation and
growth.



2 Empirical evidence in major OECD countries

In this section, | provide some evidence indicatihgt in most OECD countries,
periods of high growth rates of the GDP seem talgag with periods of slow and even
decline of the growth rate of labour supply, sugggsa non-monotonic relationship
between skill supply and biased-technical changelexeloped in this paper.

The growth rates of the Gross Domestic Productlaimolur supply are reported for
the major OECD countries in the following figuredrgwn from Tables | and Il in
appendix 7.1). Only comparable data have been teghoin particular regarding the
available years for each type of data. This in tteduced the number of OECD
countries to be taken into account. Nevertheleata delated to the major industrial
countries (the G-7 countries) since the 1970s vaweglable and are reported in this
section .

Following Prescott (2004), the labour supply meastonsidered is the number of
hours worked per person aged 15-64 in the taxe#ehaector. However, as pointed out
in the OECD employment outlook, the absolute valoiesuch a variable may not be
comparable between countries, hence it is the @volwf such a variable that matters.
This precisely fits the goal of this paper whiclkdees on the links between the growth
rates of labour supply and GDP during differentg@saof the growth process.

Figure 1: Average growth rates of GDP and labour spply in major industrialized
countries, 1970-90 GDP

Source: OECD Productivity Database (2004), and Byrpéent Outlook (1996, 2003) _ _ _ _. Labour Supply
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These figures emphasize the fact that the grovwehabGDP and labour supply seem to
be negatively correlated for most of the major stdalized countries. More precisely,
two groups of countries can be distinguished.

* The first group is composed of Australia, Canadawsdy, Spain and Sweden.

These countries are characterized by a completatimegrelationship between the
growth rate of GDP and labour supply since the $9Between the 1970s and the
1980s, Canada, Norway, Spain and Sweden experiendedline in the growth rate of
the GDP, together with an increase in the growté cd labour supply, a phenomenon
which reversed between the 1980s and the 1990drafiaswas characterized by the
same negative relationship but not during the sdecades.

* The second group of countries is composed of Fihl&nance, United States, United
Kingdom, Germany and Japan.

These countries have faced an apparent similaugonlof the growth rate of both the
GDP and labour supply. However, since the 197@&uasupply has been declining (its
growth rate being permanently negative), while trewth rate of the GDP has
remained positive. Hence, if there is any correlatbetween both variables, it is not a
positive one. Besides, when taking a closer loothatfigures, on average, the lowest
decline in the growth rate of labour supply comasrd a period in which the growth
rate of the GDP was the highest (1970s) and vicsavduring the 1990s which was a
period characterized by the highest (lowest) dedimthe growth rate of labour supply
(GDP).

Regarding the behaviour of skill supply and the &vpgemium during the 1970s and
1980s, Katz and Murphy (1992) and Murphy, Riddall &omer (1998) observe that in
the United States, the largest increase in thelgubskilled workers comes during the
1971-1979 period in which the skill premium dectinenversely, the smallest growth of
the supply comes during the 1979-1987 period inctviihe skill premium expanded
sharply. Gregg & Manning (1997) observe a similattgrn in Great Britain between
1975 and 1993. This apparent inverse relationséiwéden relative supplies and demand
for skills is reproduced in Figure 2 for nine OE€Buntries (drawn from Tables Il and
Il in appendix 7.1).

For Murphy, Riddell and Romer (1998), in the absew policies facilitating
substantial growth in post-secondary educatiorott the college and university levels,
Canada would have experienced an increase in waggiality between groups similar
to that observed in the United States. Similarlickislll and Bell (1996) report that the
relative wages of the unskilled have not fallerGiermany but have fallen substantially
in Britain and the United States. They concludé thevould be a far higher education
and training level in the bottom half of the alyiliange that would have enabled the
German economy to respond to demand shifts towlaedskilled in a more robust
fashion. If the relative earnings of more- and Jedacated workers do respond to
changes in their relative supply, the acceleratioskill-biased technical associated with
the “NICT revolution” may not have induced a su#itt response in supply to
compensate the rise in relative wages.

Hence, for major OECD countries, the data availagem to highlight that the
highest growth rate of the GDP on average comasgiperiods in which the growth of
labour supply is the lowest, and the wage premmuheclining, and vice versa. In other
words, this evidence suggests a negative corralagtween growth and skill supply on
average since the 1970s in major OECD countries.
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Figure 2: Average annual growth rates of Labour Suply and Relative Percentile
(P90/P10) of gross earnings.

Source: OECD Labour Market Statistics (July 200#) BEmployment Outlooks (1996, 2003)
Labour Supply -—- P90/P10
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3 The model

The framework builds upon the basic Romer (1990j)isdel in an overlapping
generations framework where individuals live forotweriods. In the first period,
individuals choose to become educated or not aadhen employed as unskilled or
skilled workers. In the second period, individuedsire consuming their savings. The
economy is composed of a final good sector, anrmmdiate goods sector and a
research sector. The final good can be used fawoption (of households), investment
(research) and intermediate goods production. €kearch sector produces innovations
which are commercialized and sold by intermediatedgproducers to the final good
sector. Labour is employed only in final good mautxiring.

3.1 The final good sector

The final good is the numeraire. It is producedairtompetitive environment using
skilled workers,H,, unskilled workers,L, and intermediate goods (i) according to

the following technology:

Y= (H)7 (L) [ x () di (1)

where 0<a <1, 0<f<1 and n is the number of intermediate goods produced in

every period. Profit maximization by a representatiirm in this sector leads to the
following inverse demand for factors of production:

oY, 0 ~_ 0

p=3t w=2% =21 @
OH, oL, ox. (i)

with w the wage rate per efficiency unit of skilled labow)' the wage rate per
efficiency unit of unskilled labour ang, (i) the price of intermediate goad

3.2 The intermediate goods sector

The intermediate goods sector is monopolistic: ang®od is invented in the research
sector, an intermediate goods firm can produceaviged it buys the corresponding
patent (or licence) to the innovator. We assumg ititarmediate goods are produced
using final good, according to a one-for-one tedbgw (x (i) units of intermediate

good i requiresx (i) units of final good). Given the inverse demand ifdermediate
goods in the final good sector, the optimizatioogoam for firmi [J[0,n,] writes:

max7z ()= p, (X% =% 0= @& BAYH)” (L)% (57 =% 0.

The first-order condition of this program yields:

N\ — _i i = - (1- 218 a 1-a iy = :L
RO=R="5 XD=X =AM HF LI 7O=7=Z0x O
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Hence intermediate goods producers are symmetaquilibrium.

3.3 The research sector

We consider that firms’ lifetime is finite. In s@@rd models of growth with expanding
product variety, patents are infinitely-lived. Iardframework, this assumption implies
that patents can be sold at the end of each pefioere are two ways to produce an
intermediate good: either buy a patent on a prstiexy product ¢, firms), or buy a
patent on a new varietyn(, — n firms). Firms willing to enter the market by purshay

an existing patent have to pay an entry cost emutie patent price. Firms willing to
enter by inventing a new variety have to devoteusses to deliberate R&D. The R&D
process is deterministic and requires to spEndnits of final good to introduce a new
variety’.

Entry decisions in period are made in period-1. The price that a potential
entrant will be willing to pay for an existing patev,,(1+r,), with r, the interest rate,
must equal the present value of profits earned byngermediate good producer in
periodt, 7z augmented with the market price of the patenbhateind of the periody .

The value of a patent therefore writes:

e _TLHV]
= 4
t-1 1+rt ( )

Free-entry in the research sector implies:

V(i) =F=v (5)
Equations (4) and (5) together determine the istemate of the economy:
r, = (77 +F)/F .The overall investment level in periddis composed of the amount of
resources dedicated to the acquisition of existyagents, n\ and the amount of

resources devoted to creating new variet{es, —n) F. Hence,l, =nv; +(n,,—n) F.
Using the free-entry condition then implies thddwaling investment level:

|, =nF (6)

2 The assumption that R&D requires resources exmieisseerms of final good is common to models
based on the standard framework of Grossmn anpniéel (1991). This assumption makes sense in the
present model because we model labour supply decisi terms of educational choices and not
occupational choices. Relaxing this assumptionassdiming instead that educated labour is the iofput
the R&D process would induce a mobility conditioor fskilled workers that is, in equilibrium, an
indifference condition between working in the figalod or in the research sector. This would nohgka
the endogenous allocation of the workforce betwaalied and unskilled labour, but would only make
the skilled wage dependent on the patent pricé,ishia fine, on the price and quantity of interrizd
goods. Since the research process remains detstimiim such kind of models, given the equilibrium
conditions developed in section 4 (see equationthiy would not change the qualitative resultshef
model. In a different framework, based on the mgaeposed by Aghion and Howitt (1992), Crifo-Tillet
and Lehmann (2004) analyze such a mobility condittmmsidering an endogenous labour supply based
on an occupational choice. In this framework, tleeled becomes more complex but the qualitative tesul
still hold.
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3.4 Labour market and resources constraints

The size of the population is normalized to onéiMiduals differ in their ability: they
can have either high ability or ordinary abilityhd distribution of ability is fixed and
exogenous. However, individuals can acquire edowcatso that the allocation of
workers between skilled and unskilled labour is agahous. LetM denote the
proportion of workers that have high ability. Wend&e by E, (respectivelyQ,) the

fraction of workers with high (respectively ordigarability who choose to become
educated. Resources constraints on the labour bt write:

N = ME,
N+ N2+ N"=1 with N*=@1- M)Q (7)
N'=M@1-E)+(1-M)1-Q)
where N* (respectivelyN;) is the number of skilled workers with high (resipeely
ordinary) ability, andN;" is the number of unskilled workers.

3.5 Households’ decisions

Preferences of an individugl in generationt are represented by the following utility
function: u =(c})"?(d,.,)?, 0<@<1 wherec} is the first period consumptior,,,,
is the second period consumption agdis the expenditure share for second period

consumption. In the first period, individuals matke decisions: becoming educated or
not and saving for the second period consumpticawvings decisions are made
according to the following program:

_ ) ) Qj - i + j
maxu/ = (¢ )’ (.Y St-{ jt s ,—
Cit» Gore1 Czt+1 = (1+ rt+1)§

where s’ denotes saving,,, is the interest rate an@, is the income net of education
costs.

Given the distribution of ability, the choice ofdmening educated allows workers
with high (respectively ordinary) ability to suppli efficiency units of labour
(respectivelyl, efficiency units of labour). Individuals who cheosot to acquire skills
supply m efficiency units of labour. We assume that the benof efficiency units of

unskilled labour is independent of ability to captthe idea that unskilled workers are
employed in simple, routine jobs which do not alldvem to take advantage of their
intrinsic competencies. In contrast, skilled woskare employed in complex jobs which
enable those with high ability to exploit their qoanative advantage and supply higher
efficiency units of labour. Parametéts | and m are such that

(8)

k>l zm (A1)
The inequality k. >1, captures returns to ability. It means that thedpotivity
(efficiency units of labour) of individuals with g ability who choose to become
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educated is higher than the productivity of indiats with ordinary ability who choose
to become educated. The inequalitg m captures returns to skills as it implies that

unskilled workers supply lower efficiency units labour than skilled workers. Ability

and education hence are complement inputs in theafiton of human capital as in
Becker (1975)’'s theory of human capital. Given bkitds of returns, the earnings of
individuals, based on wage rates per efficiency eiiabour, are given by:

WES KW, WO W W= m ©)
The cost of education is such that individuals whoose to become skilled workers
devote a fraction0<d <1 of their unit-time endowment to the formation ainman
capitai3 . Individuals who choose to become skilled supplfraction (1-d) of their
potential efficiency units of skilled labour. Exped incomes of each category of
workers then writeQ,' =W", Q= (1- d)W*,Q,*= (1I- d)W".

The assumption that educated workers with ordirduility are less efficient than
educated workers with high ability models the signgarole of education first explored
by Spence (1973). Stated differently, educatioraaca signal of ability and differences
in educational attainment arise as a consequendetefogeneity in ability. Willen,
Hendel and Shapiro (2004) consider a model wheteenwhouseholds face credit
constraints, lack of education could mean either &bility, or high ability and low
financial resources. Despite the difference inrth@delling strategy, their results are
not in contradiction with the present model. Initheodel indeed, the wage of
uneducated workers reflect the mix of abilities #maller the proportion of high-ability
persons in the uneducated pool, the lower the wageunskilled labour. In turn,
improving opportunities for higher education, eith®y providing direct grants for
tuition or by reducing the interest rate that htwadés pay to borrow for an education,
more high-ability workers get an education anddbality of the unskilled pool drops,
lowering the unskilled wage. Besides, they showt tbansidering an additional
productivity-enhancing aspect to education do hange their basic results.

Individuals’ utility function is defined over firgind second period consumption and
is strictly increasing in both variables. Given tthadividuals work only in the first
period, maximizing first period income is a necegsandition for maximizing utility.

In other words, individuals choose to become skilleorkers if the skilled income is
higher than the unskilled one. In the present moaelividuals with ordinary ability
then choose to become skilled workers as long as #xpected income as skilled

workers, Q:° is higher than that of unskilled worke®,' . In equilibrium, this condition
is binding, implying that the number of workers lWwibrdinary ability who choose to
become educated satisfies the following indiffeeeondition: Q;° =Q,'. Regarding

individuals with high ability, the assumption th&t >1, implies that W* >W®,
therefore QF>Q7. Education decisions in turn satisfy the followingle:

*This fraction is identical for all individuals, wheater their ability, differences between workersniei
captured by the returns to skills and abiliyrepresents the cost of education, expressedrnmstef units
of time necessary for the formation of human cépita
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Q> Q.= Q,'which implies that, all individuals with high atli choose to become
educated: E =1 (20)

4 Competitive general equilibrium
A competitive general equilibrium for this economyevery period is characterized by
the following conditions.

 Firms in the final good sector determine the qugntf inputs (skilled labour,
unskilled labour and intermediate goods) that ma&enprofits. This yields the inverse
demand functions (2):

Waplt WeO-oBl. R=a-p)LL (11

* Firms in the intermediate goods sector are symmeRrice and quantities produced
in equilibrium are given by equations (3).

* Firms in the research sector enter the market reitlye purchasing a patent on
previous productsr() or by developing new products,(; —n). All profit opportunities

are exploited in equilibrium and the investmengldas given by equation (6).

» Education decisions are such that all individuaith \wigh ability choose to become
educated:  E =1, and on the other hand, given the r@&">Q>*=Q" workers
with ordinary ability are indifferent between bedam educated or not. The ratio
Q*/Q! therefore satisfies the following condition:

Qt =1 o ltl:i (12)
Q; mw 1-d

* Equilibrium on the labour market implies equalitgtiveen demand and supply in
efficiency units:

Ht = ktNtse+ ItNtso’ L[ = m NU (13)
The numberQ, of workers with ordinary ability that choose tocbee educated is
determined using equations (17J§VL =i where the skill premiuan\is is obtained
mw 1-d W
wW_ a L _ a ml-MI-Q)
W 1-aH 1l-akM+|(1-M)Q

using equations (2), (7) and (13): (14)

10
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M
a m@-M)a-Q)_ 1 1-M

1-a kM+l(1-M)O, 1-d ‘ 1_ 1-d)+1

a 1-gq)-K
f(l D)

(15)

* Individuals determine the level of consumption asaVvings that maximize their
intertemporal utility, subject to the budget coasits according to (8). This leads to the

following individual saving functions =¢Q/, with @ the marginal propensity to save
(around 10% on average in OECD countries).
Aggregate savings is then given by :

S =g(QU N +QEN+ QN Y =g(L- 9 kwN¥ (A~ JIwN® winN'

Using the labour market clearing condition (equafi8), one gets:

S=o(WL+0-dvH)= qam[ml a)m[]
Substituting for the skill premium ﬁ LL (equation 14), we get:
W 1-aH
S =ow lr(1+(1— d)ﬁj. Replacing w' by its value in (11), one has then:

Szﬂl—a)ﬂ(1+ - d)ﬁ] Y, and using the fact thah(t:ri_—lq; (see 11),

aggregate savings is such th§t= (11 02,’8(“ - d) j npx

2 2-p
Finally, using equations (3):p, % _—,8(1 ,B)ﬁ(H Y (L) =@-8)" (H)Y (L),
savings write:
201-5)
S=e1-p) * G- 1+ o e (16)

* Equilibrium on the goods market implies equalitytvieen aggregate saving and
investment:§ = |,.

Equalizing (16) and (6), implies:

2(1-8)
nuF=@l-B) 7 (1—a)ﬁ(1+1

The growth rate is defined as follows:
2(1 B)

1vg, =M =20-p) g 1L aea)) e
n 1-a

a a |1-a
@)t

11
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Substituting forH, and L, by their values defined in equations (7) and (b8g gets:
146, =€ f-BYD a7 - d)“’["(1 D, 1j(kt M| @M Q) (m & M)E Q)™

ReplacingO, by its value given in equation (15) we get afiergifications:

1+g,, =§ﬁ(1-/>’)2<1“”(1-a)1“’ (1-d ) (ail_—_ad)+ 1)(%] (kM+| EM) (17)

5 Skill supply and ability-biased technical change

To analyze the impact of ability-biased technichhrmge on skill supply and relative
wages, we first consider a stationary environmehéne parameter&, | and mare
constant and we determine the impact of a shodleasing the returns to abiliti/1 .
Two inequality indexes can be defined: wage inagualithin skilled workers, denoted
by I'¥“, and wage inequality between skilled and unskilledkers, denoted bf°.

The average income of skilled workers is definedh®/income (in efficiency units) of

skilled workers, divided by the size of the skillawrk force: W; = k‘NNse+ ||;||\Sl:’ wW.

Similarly, the average income of unskilled workisrgiven by:W; = lezl W =mwy

t

Wage inequality within groups is defined by:

cr(l—d)+
NFWE_k M 1_k M 1-a
r (18)
NAWE 11-MQ | 1-Ma@-d)_k M
1-a | 1-M
. I‘(t I\ltse_l_ ItNtSO
Between groups inequality writeE*'" = V_V—L - NCHNT
W, mw

kM+1A-M)O, W
M+@1-M)O, mw

Hence, given the resources constraints {7 =

Substituting for% (equation 14) an®, (equation 15) we have after simplifications:
t

(1)
pou__ @ (@-M)a-0)_ 1-a| "\l

(19)
1-a M +(1-M)O a(l_d)_M(k_lj
1-a I
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Proposition 1. A shock increasing the returns to abilik/| induces a decline in the
number of workers with ordinary ability who choose become educated and an
increase in wage inequality both between groupswaititin skilled workers.

Proof: immediate from equations (15), (18) and (19)

k/I measures the returns to ability as it is the ratithe income of skilled workers with

high ability to the income of skilled workers wittrdinary ability @Q%/Q*°). An

increase in the returns to ability reduces the rema workers with ordinary ability

who choose to become educated via a productivigcefWhen the returns to skills for
workers with high ability increases, this is eqlévd in this framework to a reduction in
the returns to skills for workers with ordinary lgi Firms are incited to save workers
relatively less productive and increase their dednimm the most productive workers.
The supply of skilled labour by workers with ordipability adjusts downward. This
effect is responsible for the increase in wage uadity between groups (see 19).
Intuitively, a higherk/l implies that high-ability workers provide lots efficiency

units of skilled labour, which tends to depress Wege and hence the income of
ordinary-ability agents if they become skilled.

From (18), we see that an increase in the retarability increases wage inequality
within skilled workers through two effects. On tbee hand, there is a direct income
effect through the increase in the efficiency @tability relatively to ordinary-ability
workers (/I ). On the other hand, there is an indirect supffgce(3/O). The reduction

in the number of workers with ordinary ability whzhoose to become educated
reinforces the upward pressure on the relativenmecof high-ability workers.

In Eicher (1996)’s model, skill-biased technicahobe exerts a negative impact on
the cost of accumulation of human capital. Thetradawage of skilled workers is
determinant both in the cost of absorbing new teldgies in production and in the
formation of human capital. A higher rate of teclmgical progress rises the relative
wage of skilled workers (and hence inequality betwgroups) and reduces the number
of skilled workers in the education sector. Thisluees the incentives to become
educated. In the present model, the rise in wagquality within groups reduces the
marginal benefit of education for individuals witirdinary ability. It is as if the
opportunity cost of education for these individuaiss rising in the presence of within
groups inequality, inducing a discouragement efféctrise in the relative wage of
skilled workers is compatible with a decrease ia talative supply of skilled labour,
and the inverse relationship between supply andadenstems from within groups
inequality which reduces the incentives to becondeicated for ordinary-ability
workers.

We turn now to the analysis of ability-biased tachhchange. We consider that
technological change exerts an erosion effect erefficiency units of labour supplied
by unskilled and ordinary-ability workers. Intuigly, the faster the rate of technological
change, the more one has to cope with tasks amatisits not previously encountered.
Such an instable environment demands ability topadad learn. Even for more
educated individuals, the lower the ability, thevéw the productive efficiency in an
environment that changes rapidly. To formalize #nssion effect, we consider that the

13
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number of efficiency units of labour supplied byskiied and ordinary-ability workers
are decreasing in the rate of technological pragriescontrast, the number of efficiency
units of labour supplied by high-ability workers net depreciated by technological
progress. The returns to skills are therefore shah

k=k L =A(+g), m=u+qg) 20)
with A()>u(), A<y ()<0

The erosion effect is such thkiltand m, are decreasing with the rate of technical

change. Technical change is ability-biased becabse efficiency units of labour

supplied by the most able workers are constant inoghstationary and a non-stationary
environment. Technical change is also such thaetfi@ency units of skilled workers

with ordinary-ability workers are decreasing atighler pace compared to unskilled
workers. This assumption captures the fact that mamdly changing environment,

skilled jobs based on non-repetitive, interactiasks impose tighter constraints on
cognitive ability, thereby depreciating more rapithe returns to a signalling education
system for ordinary ability workers, while unskdlgobs, based on repetitive routine
tasks, though being costly in terms of adaptatmméw technological environments,
imply a flatter depreciation rate. This argumentassistent with the observation on
OECD data that workplaces where few or no qualifces are required are less likely to
have adapted to new technological and organizdtiemxironments (see OECD

Employment Outlook, 1999).

Given (20), the economy’s growth rate writes:

_ [ uarg))” _
1+gt+l—vt(m] [kM+@-MM@+g)] (21)

where y = g B(1- BY2P (1-a ) 1-d @ (1& (1-d )+ 1) is such that
-a

Ay _ _ (A@uE)

(A2)
kM +(1— M)A (1) kM + (1- M) (2)

This assumption guarantees that the steady-stangigrate belongs to the unit interval.

Lemma 1 Under assumption (A2) and given (19), there exisisique steady-state rate
of technical changey[1(0,1). The economy converges with oscillationsgofor all
g, (0,1).

Proof. see appendix 7.2.

Figure 3 reproduces the dynamics of the economidsviln rate. The evolution of
inequality and skill supply along the transitiomverd the steady-state are described in
the following proposition.

14
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Proposition 2 Along the transition to the steady-state, abilitgded technical change
exerts a non monotonic pressure on wage inequbabtir between and within groups,
and on the number of individuals with ordinary &jgilwho choose to become educated.

Proof. After substituting (21) into (17), (19) a(@0), these results are corollaries of
Proposition 1 and Lemma 1.

Figure 3: Dynamics of the growth rate with abiliiased technical change

Ot+1
O+1= G

N - f(g)

O

Jo g

The non monotonic relationship between wage inetyualithin groups and skill
supply stems from the erosion and discouragemésttefdue to ability-biased technical
change. For low levels of the growth rate (belawsitationary value), the erosion effect
on the efficiency units of labour supplied by oatyrability workers is low. Since their
relative income is relatively high, there are erfougcentives to become educated for
ordinary-ability individuals, and the growth rate enhanced. Yet, this increase in the
growth rate in turn erodes their relative efficignanits of labour. Due to a
discouragement effect, the number of skilled waskevith ordinary ability then
decreases, which depresses the growth rate. Thadiegical transition therefore is
oscillatory, implying a non monotonic relationslhiptween skill supply wage inequality
and the rate of technical change.

This model can contribute to explain the observatiat in the United States and
Great Britain, the skill premium declined when sypgrew at its highest pace (1970s)
and inversely, the highest growth in the supplglofled labour occurred when the skill
premium was the lowest (1980s). In the model, mariof high (respectively low)
growth increase (respectively reduce) wage inetyubbtween and within groups. The
rise (respectively reduction) in within groups ioatity reduces (respectively increases)
the incentives to become educated for workers anttinary ability, thereby exerting an
upward (respectively downward) pressure on betvggeunps inequality. Ability-biased

15
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technical change hence induces a non monotonitarghip between relative demand,
relative supply and growth. Bursts of technical rifea widens the gap between the
returns to skills of high-ability workers and ttudtordinary-ability workers. The erosion
effect reduces the number of skilled workers wittimary ability and rises inequality
between groups. The increase in wage inequalitywdet and within groups comes
from the same source: the increase in the demarabftity in periods of technological
acceleration.

6 Conclusion

The theoretical framework proposed in this artielgables to characterize the links
between technical change and inequality between waitin groups via two
relationships. First, any increase in the growtle,rd it increases the returns to ability,
increases inequality both between and within groecond, an increase in within
groups inequality reduces the incentives to bececheated for workers with ordinary
ability. This model reproduces a stylized versibmhe evolution of the relative demand
and supply of skills major OECD countries since #850s. Slow growth goes along
with low inequality and relatively high supply ofkiked labour. Inversely, an
acceleration in ability-biased technical changeug®$ high inequality and lower supply
of skilled labour.

The results highlight that, when education acta agynalling device of ability, the
supply response to skill-biased technical changmmlitioned by its impact on within
groups inequality. There is no opposition betwdenforces that determine supply and
the forces that determine demand, but rather ictiera between both. Periods of high
within groups inequality reduce the incentives tguare skills and increase inequality
between groups. The existence of (and the riswitiin groups inequality reduces the
marginal benefit of education for individuals withdinary ability, thereby exerting a
discouragement effect to become educated for thedeers.

This model however does not explain why, with apaspnt similar technological
bias, European economies witnessed a far lowemnegfuality than the United States in
the 1980s. A possible argument is to consider thad unemployment rather than
inequality that increased in Europe. To explais ffienomenon, one should incorporate
imperfect wage setting in order to account for fthstitutional environment and
endogenize the unemployment rate. This constitutesrea for future research.
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7 Appendix

7.1 Growth rates of GDP and Labour Supply

Table | reports the annual average growth ratélseotsross Domestic Product in per
cent and are drawn from the OECD Productivity Dasab(September 2004).

Table I: Annual average growth rates of the Gross Dmestic Product in per cent

Canada| Sweden Spajn Finland France AustraliaUnited United Germany Italy Japan Norway
Kingdom States

1970-80 4,2 2,0 3,7 3,7 3,3 3,0 2,0 3,3 2,8 3,6 45 4,8
1980-90 2,8 2,2 2,9 3,1 2,5 3,1 2,7 3,3 2,3 2,8 40 2,6
1990-00 2,9 2,0 2,7 2,0 1,9 3,6 2,4 3,3 1,9 1,6 15 3,7
1990-01 2,8 1,9 2,7 1,9 1,9 3,6 2,4 3,1 1,8 1,6 1/4 3,6
1990-02 2,9 1,9 2,6 1,9 1,8 3,5 2,3 3,0 1,7 1,6 12 35
1990-03 2,8 1,9 2,6 1,9 1,7 2,3 1,5 1.4 1,3 3,2
1990-95 1,7 0,8 1,5 -0,8 1,1 3,3 1,7 2,5 2,1 1,8 5 1, 3,9
1995-00 4,2 3,3 3,8 4,7 2,7 3,9 3,1 4,1 1,8 1,9 14 3,6
1995-01 3,8 2,9 3,7 4,1 2,6 3,9 3,0 3,5 1,6 1,9 12 35
1995-02 3,7 2,8 3,4 3,9 2,4 3,7 2,8 3,3 1,4 1,7 10 3,2
1995-03 3,5 2,6 3,3 3,6 2,1 2,7 1,2 1,5 1,2 2,8

Source: OECD Productivity Database (2004)

Table Il reports the annual growth rates of labswpply, the latter being defined by

OECD as the total hours worked of all persons eggaloThese data are computed from
the average hours worked from the OECD Employmertko®k (1996 and 2003).

Table 1I: Annual average growth rates of hours worled of all persons employed in percent

Canada| Swedenh Spaln Finland France AustraliaUnited United Germany Italy Japan| Norway
Kingdom States
1973-79 -35 -6,8 -2,5 -4,8 -5,6 -1,0 -5,6 -8,9 3,4- -11,4
1979-83 -3,9 0,1 -3,9 -2,5 -5,6 -2,7 -5,6 -1,2 -1,8 -1,3 -1,5 -1,9
1983-90 0,4 1,9 -4,3 -3,1 -2,5 7,2 31 3,2 -6,8 1-1, -3,1 -3,7
1990-00 2,3 6,8 -1,2 -3,0 -7,4 -8,2 -3,7 -6,6 -10,¢ -3,3 -10,9 -6,3

Source: OECD Employment Outlook (1996 and 2003)

P90/P10 in nine OECD countries.

Table Ill: Relative percentile of gross earnings PO/P10

Table Il documents the ratio of the relative petde distribution of gross earnings

United United France Japan Sweden Canada Finland Germany Italy
States | Kingdom | (73.98) | (75-99) (75-98) (73-94) (77-99) (84-98) (86-96)
1973-1979 3,72 3,03 3,41 3,00 2,10 3,88
1979-1983 4,07 2,97 3,36 3,05 2,01 4,24 2,54
1983-1990 4,20 2,96 3,32 3,15 2,05 4,44 2,50 2,85 2,30
1990-2000, 4,51 2,97 3,15 3,03 2,16 4,21 2,37 2,83 2,36

Source: OECD Labour Market Statistics (July 2004)
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7.2 Dynamics and steady-state of the growth rate
Proof of Lemma 1.
Let G, =1+ g,. Given (21), we have:

_ | #(G) _
GHl_y[/](Gt)J[kM-'-(l M)/](GE)]

Deriving with respect t@, and rearranging yields:

&:y[u(m}‘ .
oG "(AG)

(24)
H(G) H(G) _A'(Q) A(GQ)
KM +(1-M)A —_—— - - kM|——=
{[ rem (Q)][{u(et) ”(u(q) A(q)ﬂ | ]A(G)}
The properties ofA(.) and () in (20) imply thatOz’Z((g:))zjr((g)) and
OZ’LI’(Gt)—a(ﬂl(G‘)—/l’(Q)jzw(Q) We therefore have:
H(G) HG) AGQ)) AQ)
0G,,,
¥<O (25)

t

The dynamics of the growth rate hence is oscijatdio determine whether there is

d
convergence, we have to show t%
t

9CGy > -1 Rearranging (24), this condition writes

0G,

t

<1 Given (25), this is equivalent to show that

HG) B AR v+ - My }
V(A(Gt)][{ G LKMHA-MAG)]

{u’(Gt)(l_a)_A'(a)}l
HG) A(G)

RETRICIR T _#@ _x@)
y(u(et)] T +a-mn@)ha ‘”[u«i) A(Gn)}

AG)
J{A(Gt) @ M)/](Gt)}o
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The properties of A() and  u(.) in (20) imply  that

0= (1- a)’u(G) (1—a)@>( A(G‘) A(G{) We therefore have

H(G) AG) @) AG)
(1_6,){#(60 A (G&)}/\’(G) that is:
uG) AG)] A@Q)
%>y,
G,

The growth rate hence converges with oscillatiangs steady state value. Given that
G,,, is monotonically decreasing iG,, its curve will cross the increasing°4lﬁne (for
which G,,=G), and hence the steady-state exists. It remainshtmw that the

stationary value of the growth ratg,,, =g =§ belongs to the unit interval, (or
equivalently thaiG,,, =G = GO[1,2]) . Gis defined implicitly by

H(G)
y{A( )][kM +(1-MA(G)]

Let H(x) = x— F(X), where F(x) = y(%}[kM +(1- M)A(¥Y] We have shown that

-1<F(x)<0 hence

H'(x)=1-F'(x)>0 (26)
Given (2), the steady-state growth r&@el[1,2] if lim F(x) >1 andlim F(x) <2. Both

conditions are verified under assumption (A2), adition which, as a by-product, also
rules out the possibility of a negative growth raten in the short run. Note that both
conditions are equivalent td]'nl H(xX) <0 and Iirr; H(X) <0, which guarantees the

existence and unigueness 6.
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