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Economists concerned by the rise in European unemployment have paid little

attention to the increase in the active population. One reason for this lack of

interest is that relations between labor supply and unemployment cannot persist

in the long run in representative agent models, since capital stock will increase

endogenously, as will the productivity of labor. This is the conventional Solowian

view applied to non-clearing labor markets. 1 In some models, however, the size

of the labor force can a®ect equilibrium unemployment through a composition

e®ect. This is the case in Pissarides (1990), where labor force growth a®ects

equilibrium unemployment by increasing the share of young workers through

more new entrants into the labor force.

This kind of composition e®ect of the labor force will be the line of attack

of this paper. One of the most substantive changes in the OECD labor mar-

kets since the 1960's, is the massive entrance of women and the larger cohorts

of young workers. This paper aims at exploring the dynamics aspects of this

heterogeneous increase in labor supply. The ¯rst section documents labor sup-

ply changes and why these cannot be considered as homogeneous variations in

the size of the population. Using French data from Enquête Actifs Financiers

1992, where information on true employment experience is available, it is ar-

gued that young and female workers have a smaller number of (e±cient) units

of employment experience. It is worth noting that other important empirical

works (Welch 1979, Bloom et al. 1987, Murphy et al. 1988 among others) have

similarly concluded the importance of the adverse impact of the baby-boom co-

horts in the labor markets. The originality of the present theoretical paper is

to focus on employment experience, which makes it possible to jointly consider

the consequences of the baby-boom and rising female participation, the latter

being signalled as an additional factor of change in the wage structure, in the

conclusion of Murphy et al. (1988, p57).

Section 2 introduces the notations of a model of labor markets with endoge-

1See for instance Nickell (1991).
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nous participation, unemployment and human capital. Skilled workers are those

with some employment experience or some education or, in other words, un-

skilled workers are those with neither experience nor education. Unemployment

arises from wage rigidities at the bottom of the distribution of wages. Other im-

portant contributions to human capital theory (e.g. Y. Weiss 1986, Mincer 1997

and the subsequent references) have thoroughly studied endogeneous participa-

tion and the patterns of life-cycles earnings. The model presented here di®ers

from the previous literature in two ways: unemployment is introduced, and the

aggregate returns to di®erent skills are endogeneous, since the focus of the paper

is macroeconomic.

Section 3 shows that the labor market variables are unstable when the only

source of accumulation of human capital is on-the-job (experience): higher unem-

ployment today leads to a lower number of skilled workers the following period

and therefore reduces the demand for unskilled workers. This is an intertem-

poral transmission of shocks by the skill composition of the labor force. 2 It

follows that labor supply trends of a larger number of low-experience workers

result in a decrease in the wage or the employability of young and inexperienced

workers, which, in turn, is reinforced and ampli¯ed by the intertemporal mech-

anism described below. Endogenous participation plays a stabilizing role; when

unemployment is too high, the unskilled workers leave the labor force. Multiple

equilibria are possible; that is, low unemployment and high participation coex-

isting with high unemployment and low participation. Section 4 models human

capital investment decisions. In response to the supply trend, low-experience

workers will invest in skills; women in on-the-job skills, and younger workers in

education. Educational choices are conventionally modelled as the result of an
2This is not the ¯rst paper where this kind of intertemporal transmission of the shocks

of the labour market is present; Pissarides (1992) and Ortega (1993) are two examples of a

job matching framework. However, unlike the two previous papers, this model does not need

search frictions, and its emphasis is on labor supply trends as initiators of the ampli¯cation of

the shocks. It also further analyzes into the analysis of the composition of the supply of skills.
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arbitrage between working earlier or delaying the entrance into the labor market

to get a higher wage rate in the future. On-the-job skills are acquired through

e®ort at work. The multiplicity of equilibria vanish when workers can acquire

human capital through education. In the logic of the model, the increasing edu-

cational attainments of workers is due to both adverse labor supply trends and

to increased demand for education, the latter being the conventional view (e.g.

Katz and Murphy 1992). Section 5 discusses what might be the implications of

the model, and proposes some evidence of its relevance.

The main idea of the paper is that the supply trends and labor market vari-

ables (such as unemployment, relative wages or human capital investment) in-

teract in a complex way, which the model helps to clarify.

1 Labor Supply

1.1 Composition of the labor force

Graphs 1 and 2 document the changes in the age and gender composition of the

labor force. It appears clearly that in all OECD countries, there is an increasing

number women in the labor force and, also to some extent, of young workers

de¯ned as 25-34 years old. 3 Other measures of the age composition of the labor

force give similar results, with sometimes an increase in the average age of the

labor force in the second half of the 80's. These changes are signi¯cant and are

developed in the below sub-sections.

1.2 Real experience: supply...

The employment experience of women and young workers is lower than the av-

erage of the labor force; this is a ¯rst distinctive feature. I used some data from

the French survey Actifs Financiers 1992, which were made available by INSEE.

This is a unique dataset in which individuals declared their number of years in

part-time and full time employment during their working life. A description of
3The choice of those over 25 was made to avoid any interference with the rising enrollment

in higher education.
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the variables and the instruments is reported in appendix 1. The goal here is to

show the di®erence between real and potential experience (potential experience

being age minus (imputed) age at the end of education, the usual proxy in 90%

of the studies), and accordingly, to understand to what extent women can be

considered as "young", i.e. low-experienced.

Tables 1 and 2 report real experience, potential experience and their relative

di®erence (% Gap) in di®erent cells of the active population. The ¯rst row

represents the average (potential or real) experience of all active men (or women),

rows 2-5 sort individuals according to potential experience and the last four rows

according to the quartile of hourly wage (in this case, the sample is restricted

to the active employed). The third column is the relative di®erence between

potential and real experience. It appears quite clearly from the tables that even

in 1992, the average real experience of women was by 16% lower than their

potential experience. When compared to men, it appears that the high-skill

women actually have experience levels similar to those of men: the relative gap

between the real and the potential experience of women in the fourth quantile is

11%, close to the men's average (9.6%). Finally, young workers of both gender

have di±culties in their ¯rst job; the gap is 10.6% for men, and 17% for women.

These averages in the di®erent cells do not only re°ect the participation behavior

of workers in 1992, but the entire participation history of these workers. The

di®erences between actual and potential experience are much larger for the oldest

women (exp > 30), about 22%, while the corresponding ¯gure is 3.5% for men.

1.3 ... and return.

Next, it is important to compare the return of real experience by gender. This will

allow us to get an estimate of the number of e±ciency units of experience supplied

by di®erent groups, by multiplying the return and the quantity of experience

supplied by workers. Consider the following wage equation (classical since Mincer
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Table 1: France 1992, cell averages, men in the labor force

Men Real Exp. Pot. Exp. %Gap

All 20.7 yrs 22.9 yrs 0.096

exp · 10 5.9 yrs 6.6 yrs 0.106

11 · exp · 20 14.0 yrs 15.5 yrs 0.097

21 · exp · 30 23.3 yrs 25.2 yrs 0.075

exp ¸ 31 33.2 yrs 34.4 yrs 0.035

Quartile 1 17.9 yrs 20.7 yrs 0.135

Quartile 2 19.5 yrs 21.5 yrs 0.093

Quartile 3 22.2 yrs 23.8 yrs 0.067

Quartile 4 23.1 yrs 24.2 yrs 0.045

Table 2: France 1992, cell averages, women in the labor force

Women Real Exp. Pot. Exp. %Gap

All 17.8 yrs 21.4 yrs 0.168

exp · 10 5.3 yrs 6.4 yrs 0.172

11 · exp · 20 13.4 yrs 15.6 yrs 0.141

21 · exp · 30 21.9 yrs 25.3 yrs 0.134

exp ¸ 31 29.7 yrs 37.9 yrs 0.216

Quartile 1 17.2 yrs 21.4 yrs 0.196

Quartile 2 17.2 yrs 20.5 yrs 0.161

Quartile 3 17.9 yrs 18.0 yrs 0.006

Quartile 4 20.8 yrs 23.4 yrs 0.111
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Table 3: France 1992, variable: Log Hourly Wage. Heteroskedasticity consistent

standard error in parentheses.

Men GLS Wom. GLS Wom. Heckman

Experience 0.049 (0.002) 0.030 (0.004) 0.029 (0.005)

Exp. Sq. (x100) -0.078 (0.005) -0.042 (0.010) -0.038 (0.011)

Educ=5 0.049 (0.026) 0.028 (0.060) 0.032 (0.058)

Educ=8, Non Voc. 0.309 (0.024) 0.367 (0.048) 0.332 (0.046)

Educ=12, Non Voc. 0.491 (0.032) 0.482 (0.058) 0.439 (0.057)

Educ=8, Voc. 0.184 (0.020) 0.216 (0.051) 0.182 (0.050)

Educ=12, Voc. 0.448 (0.035) 0.499 (0.055) 0.446 (0.055)

Educ=14 0.654 (0.029) 0.739 (0.047) 0.685 (0.046)

Educ¸15 0.939 (0.027) 0.903 (0.055) 0.844 (0.055)

Mills ratio - - -0.223 (0.066)

R2 0.356 0.239 0.251

N obs 3641 3 108 2 984

1974).

wi = C + ®:Educationi + ¯:Experiencei + ²i

omitting the higher-order terms (quadratic experience) for simplicity - they are of

course included in the regressors. The results are reported in table 3. One would

like to correct for the selection bias due to unemployment. However, instruments

correlated with the probability of unemployment but not with wages will be

rather di±cult to ¯nd and one only account for the selection bias for female

participation (column Heckman). 4

Even when considering true experience instead of potential experience, it
4The instruments in the Heckman estimation are (Age - Age of First Paid Activity) and

its square, a dummy variable for being married, the number of children less than three, six

and eighteen years old and a dummy for the participation of individual's mother. Using these

variables to intrument real experience gives extremly similar results (available on request).
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Table 4: France 1992, Comparaison Experience / Education

Simulation: number of years Men Women

of experience equivalent to:

Educ=12, Vocational 13 years 23 years

Educ=14 20 years Never

Educ¸15 Never Never

(Educ¸15) - (Educ=12), Non Voc. 12 years 20 years

Average return to exp in % (20 yrs) 3.34 2.16

appears that after 20 years of employment experience (the median number of

years of experience), the average return to experience is 3.34% for men whereas

it is 2.16% for women, as can be seen in table 4; the gender gap in the return

to experience is about 45%; Interestingly, this 45% ¯gure is close to Mincer's

estimates; he reports (1997, p S31) that he assumes the female investment ratio

in human capital to be half of the corresponding ¯gure for men. Depending on

the sample (notably excluding the very low wage workers), the di®erence can

sometimes be smaller than 45%, but always remain above 30%.

In addition, these results can be used for calculating the number of years of

work experience required for an unskilled worker (with no diploma) to reach the

wage of a worker with no experience but with a bachelor degree. It turns out

that the average return to education is compensated in 13 years (for men) and in

23 years (for women), but that the wage gap between workers with no diploma

and workers with the highest level of education can never be totally compensated

by the accumulation of employment experience.

The natural conclusion is that, at the same level of employment experience,

the 'e±cient units' of experience supplied by women are 45% lower5 and accord-
5Provided that there is no gender discrimination in the wage return to experience. However,

since the wage equations allow for di®erent intercepts by gender, the intercept already captures

a signi¯cant share of discrimination. Instead, one can see the strong gender di®erence in the
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ingly an increasing relative supply of female workers, added to the increasing size

of the cohorts of new entrants into the labor market, decrease the per-worker level

of experience.

2 A model

The evidence presented in the previous section indicates that there has been

an increase in the supply of low-experience workers, especially in the 1970's. It

follows that representative agents' models may not be the best for evaluating

the impact of labor supply trends on unemployment. This section is devoted

to building the simplest dynamic model which can incorporate the impact of

heterogeneity in the supply trends on equilibrium unemployment.

2.1 Production technology

I assume that there are only two broad types of occupations in the economy.

The ¯rst occupation can be ¯lled by everyone and the second cannot be ¯lled

by the unskilled. In this latter category, skills like education (in professions like

engineers) and/or experience (in managerial occupations) are required. The pro-

duction technology combines the skilled and the unskilled. The e±ciency units

of employment of skilled workers (with experience or education) are denoted by

NS
t , and the e±ciency units of employment of unskilled workers by NU

t . The

production of the representative ¯rm will be: Y = F (¿:NS
t ;NU

t ), where ¿ is a

technology parameter which represents biased technological progress (often in-

volved in the explanation for the rise in inequality in the US, e.g. Juhn, Murphy

and Pierce 1993, Katz and Murphy 1992). Some degree of imperfect substi-

return to experience as revealing di®erences in the level of on-the-job-investment. For instance,

Ben Porath's model (1967) indicates how the level of human capital investment strongly depends

(positively) on the time horizon, which is, on average, longer for men. Note also that the 45%

di®erence in the return in experience can both be the re°ection of a di®erence in productivity

and of gender discrimination; self-ful¯lling expectations can reconcile the two views of wage

di®erences.
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tutability between experience and education will be introduced. 6 Capital is

ruled out; at a ¯xed interest rate, the above production function is the long-run

reduced form of a more general technology with three factors, that is, capital,

skilled and unskilled labor.

2.2 Workers

Cohorts of size Pt of agents enter the labor market at time t. The growth rate of

the cohorts is nt. The agents live two periods. As in Welch (1979), the workers

here move from the low to the high occupation between the ¯rst and second

period of life, provided that they can accumulate enough human capital. There

are two ways of accumulating human capital. The ¯rst is to spend the ¯rst period

of one's life in education and work the second period. The second is to obtain

employment experience in ¯rst period. With these simplifying assumptions, one

capture the essential mechanism of the model at a low analytical cost.

Workers in the second period of their life can be in four di®erent situations.

They can be 1. experienced, or 2. educated. They can also be 3. inexperienced

and uneducated. Finally, they can be 4. out of the labor force. The skilled are in

categories 1 and 2, the unskilled in category 3. I will denote the educated workers

by superscripts Ed , the experienced ones by Ex, the old unskilled (inexperienced

and uneducated) by I, and the young workers by Y .

The experienced and educated workers will not be perfect substitutes (this

is detailed in section 4). In contrast and to keep the model simple, the young

workers and the old unskilled workers are perfect substitutes in the production,

NU
t = NY

t + NI
t . This means that, whatever the reason for not having accumu-

lated experience (unemployment, inactivity or simply age), workers are neither

discriminated nor have su®ered any human capital loss. This is an important
6Experience can be an imperfect substitute for education for informational reasons: there is

a strand of research by Jovanovic and Nyarko (1994) which studies the properties of learning

through experience. Basically, experience is a signal extraction on some unknown parameter,

upon which a decision must be made.
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di®erence to previous works assuming that unemployment duration has a speci¯c

adverse impact on workers, as in Pissarides (1992) or Layard et al. (1991).

2.3 Experience

One possible way of accessing skilled occupation is through work experience.

Since the focus of this paper is macroeconomic, I ¯rst present a quite 'crude'

description of experience accumulation, compared to the literature summarized

by Weiss (1986). An attempt to go further is however undertaken in Section 4.1.

Assume, for instance, that each period is subdivided into p smaller subperiods

where a lottery is held each time to distribute the jobs. The experience level to

access the skilled jobs could be q successive spells of employment, with q < p .

Then, if et is the average employment rate for young workers, the fraction of

them who access skilled jobs is a function ©(et ; p; q), with ©1 > 0; ©2 > 0 and

©3 < 0. To simplify the exposition, it will be assumed that ©(et ; p; q) = et

although linearity is not needed for the results of the model to hold.

It follows that di®erent spells of unemployment can prevent ex-ante homoge-

nous workers from accessing high occupations. The aggregate outcome at period

t then depends strongly on past outcomes. In some cases, there is an intertem-

poral multiplier e®ect of the shocks a®ecting the skill level of the population and

leading to multiplicity of equilibria. This key point only requires agents who

live two periods. More realism could be introduced by modelling more than two

periods, at the cost of additional complexity and without qualitative changes.

2.4 Unemployment

The wage of the unskilled may not always be market-clearing, due to some down-

wards rigidities. These can be linked to the reservation wage of the workers,

which depends on an arbitrage between employment and non-employment. The

wage rigidity can also be linked to the existence of a wage setting curve, link-

ing wages and unemployment as in e±ciency wages model, to the existence of

a Nash-Bargaining linked to search frictions (Mortensen 1982), the existence of



12

unions setting wages given the labor demand curve of the ¯rms, or risk-averse

workers buying an insurance to risk-neutral ¯rms. A non-market-clearing wage

can be modelled in two di®erent ways which will show that the results of the

model do not depend on the choice of wage determination. In the ¯rst way,

the wage of the unskilled is decreasing in unemployment, like in the wage curve

models. This is represented by a double log functional form, of the type

log(wUt ) = b ¡ Á: log(1 ¡ et) (1)

where et is the employment rate of the unskilled. 7 In the second way, as in

Saint-Paul (1995), the minimum acceptable wage is indexed on the average wage

(as the French minimum wage, for instance). In this model with two types of

workers, this is equivalent to having a maximum dispersion of wages, i.e. a

constant indexation rate ° and the condition on wages writes wU ¸ °:wS. 8

Unemployment only a®ects the unskilled; the wages of the skilled are market-

clearing and it is assumed that the demand for the skilled is high enough for their

wage being always higher than the wage of the unskilled occupation, such that

they do not look for another job in the other segment.

2.5 Endogenous participation

Participation is modelled as a static extension of the neo-classical model of labor

supply. In the ¯rst period of life, young workers not enrolled in education all

participate in the labor market. 9 Some heterogeneity in the work force is

introduced, in order to endogenize the participation rate in the second period.

Assume that workers face a shock on leisure (birth, disease) at the beginning

of the second period. This leads to a distribution of reservation wages wr in
7The results of the model remain the same if one instead chooses a log linear formulation

for the wage curve.
8A nice feature of this assumption is that, when the equality is satis¯ed, the wage distribution

is constant, as is more or less the case in Europe. See Davis (1992), Blanch°ower et al. (1993).
9This is an empirical fact: the participation rates of female workers not enrolled in education

are higher at lower ages and then decline with time.
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the population, with a cumulative density function F (:). This reservation wage

is a pecuniary equivalent of utility when the worker is not in the labor force.

In the second period, those with an expected wage higher than the reservation

wage will participate. The participation rate of the unskilled in the second

period is thus simply ½I = F (et:wIt )10 and the participation rate of the skilled is

½S = F (wSt ) > ½I .

Finally, the increase in female participation can be seen as an increase in the

share of low-experience workers, i.e. since all young workers participate, and as

a decrease in the participation of older workers (an increase in the share of 'high

turnover workers'). In the model, this is a decrease in F .

A last aspect of labor supply is the human capital investment decisions which

are the focus of section 4. Without those decisions, the model is a very useful

benchmark where a great deal of instability arises.

3 Model Without Education

3.1 Labor supply

In this case, the only skilled workers are the experienced ones, whose labor

supply is LSt = LExt , and the unskilled workers are both the young, and the

old inexperienced ones, whose labor supply is therefore LUt = LYt +LIt . The time

structure of the model will provide the following dynamic labor supply equations:

LYt =Pt (2)

LExt =LYt¡1:et¡1:½
Ex
t (3)

LIt =LYt¡1:(1 ¡ et¡1):½It (4)

where ½Ext is the participation rate of experienced workers, et is the employment

rate of unskilled workers, which is common to both young and old unskilled,
10This is a static way of modelling the e®ect of unemployment on participation. A more

dynamic formulation o®ers more realism at the cost of more complexity. See for instance

Burdett and al. (1984).
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and ½It is the participation rate of old, unskilled workers. Eq. (2) just states

that the entire cohort of young workers participate, whereas Eq. (3) indicates

that the experienced workers who participate are the young participants of the

previous period, i.e. LYt¡1 multiplied by their probability of having been employed

et¡1 times the current participation rate. A similar interpretation holds for (4).

As usual with constant returns to scale in production, the important vari-

able to consider will be the ratio of skilled to unskilled workers in employment.

Replacing the participation rates with the neo-classical labor supply de¯ned pre-

viously, this is equal to:

NEx
t

NY
t + NI

t
=

1
et

et¡1:F (wSt )
(1 + nt) + (1 ¡ et¡1):F (et:wI)

(5)

3.2 The perfectly °exible labor market

In this case, wages are market-clearing, i.e. equal to the marginal productivity

of labor at full-employment, et = 1 for all t.

Proposition 1. In a °exible labor market, higher participation (a shift to the

right in the function F ) reduces inequality, while it is increased by a larger cohort

size. With a Cobb-Douglas production, increased demand for skilled workers also

increases inequality. 11

Proof.

If wages are market-clearing, then pro¯t maximization of the representative

¯rm implies equalization of the marginal revenue of each labor input to its mar-

ket wages. This ¯rst order condition plus the constant return to scale property

of technology imply a link between the ratio of wages and the ratio of employ-

ment, wSt
wUt

= ¿:FU (L
Y
t +L

I
t

¿:LExt
)=FS(

LYt +L
I
t

¿:LExt
) = ¿:g(L

Y
t +L

I
t

¿:LExt
) where g0 > 0; and where

¿ is the relative demand for skilled workers in the technology. Similarly, wSt =

¿:FS(
LYt +L

I
t

¿:LExt
) = ¿:h(L

Y
t +L

I
t

¿:LExt
), where h0 > 0. Therefore, wSt = ¿:h[g¡1(1=¿:w

S
t

wUt
)].

11On this last point, the proof is made in the Cobb-Douglas case only, but the property is

more general, for instance when the factors are substitutes.
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Then, using (5) with et = 1, we have:

wSt
wUt

= ¿:g

0

@ 1 + nt
¿:Ff¿:h[g¡1(1=¿:w

S
t

wUt
)]g

1

A (6)

The right hand-side term of (6) is a decreasing function of the ratio wSt
wUt

and

therefore de¯nes a curve denoted by (MPL) of the ratio of the marginal product

of labor of skilled to unskilled workers. There is thus one ratio of wages only,

given by the ¯xed point. This ratio is decreasing in wSt
wUt

; with higher wages,

more skilled workers supply their labor force, which reduces the ratio of marginal

products. When this curve is higher, the equilibrium ratio wSt
wUt

is higher. Without

ambiguity, the (MPL) curve is shifted upwards when nt is increased. Higher

participation of skilled workers (higher F ) shifts the curve upwards. The e®ect

of ¿ is ambiguous. In the case of a Cobb-Douglas production function, g(x) = x

and h(x) = x1¡® where ® is the share of e±cient skilled labor. Then, equation

(6) becomes wSt
wUt

= 1+nt

Ff¿®:(
wSt
wUt

)1¡®g
and without ambiguity, a higher ¿ shifts the

(MPL) curve to the right, increasing the equilibrium ratio wSt
wUt

.

Remark. Higher participation per se is not bad, at least at full employ-

ment. However, if higher participation means a larger number of young workers,

it increases the wage inequality between old and young workers. Similarly, if

increased participation means a larger number of high turnover workers, i.e. old

workers leaving the labor force in the second period (represented by higher nt

and a lower F ), then the adverse e®ects of a larger number of young and a smaller

number of older workers are added up.

3.3 A non-market-clearing labor market

With some additional wage rigidity, there is some positive unemployment at t

and so a part of the cohort is inexperienced in the next period,. Assume that
wU
wS = °: the constraint on wages is binding. Then, equation (5) gives:

et=
et¡1F (wSt )

(1 + nt) + (1 ¡ et¡1):F (et:wUt )
:AT;° (7)
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where AT;° is a constant depending on the technology only (relative demand for

the skilled and elasticity of substitution). 12 Eq. (7) de¯nes an upward sloping

relation between et and et¡1which re°ects the dynamics evolution of the labor

force composition. The below results are based on Azariadis (1993, ch. 6).

Proposition 2. In an economy with relative wage rigidity, the dynamics of

employment corresponds to the ¯ve possible cases, shown in ¯gures 3 to 7. In

the ¯rst case, there is one stable equilibrium, et = 1. In the second, there is one

unstable equilibrium 0 < et < 1 and two stable equilibria, et = 1, and et = 0.

The third only has et = 0 as a stable equilibrium. The fourth has one stable

equilibrium 0 < et < 1 and et = 0 as an unstable equilibrium. The ¯fth has two

equilibria between 0 and 1, the higher stable, the lower unstable, while 0 is also

a stable equilibrium.

To prove proposition 2, consider the two following lemma

Lemma 1. If participation is constant, F = 1, then only the ¯rst three cases

in ¯gures 3 to 5 are possible.

Proof. See Appendix 2.

The ¯rst three cases de¯ne situations in which the usual equilibrium mech-

anisms, °exibility of wages or endogeneity of participation are absent. This is

the reason why the second or the third case occur, if the demand for low skilled

workers is su±ciently low: unemployment in the previous period leads to less

experienced workers the following period and so less demand for the unskilled,

given the complementarity between skilled and unskilled workers and so on. This

intertemporal multiplier e®ect of unemployment generates path dependence and

hysteresis through the skill level of the active population. What happens when

labor supply is elastic?

Lemma 2. The function et(et¡1) is still increasing, but can be concave.

The curve mapping the function is above the curve if there is full participation
12In a CES case, AT;° = (¿°)¡¾, and thus decreasing in the relative demand for skills, and

in the indexation rate.
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(F = 1) for low et¡1 and conversely, below the curve for high et¡1.

Proof. See Appendix 3

This completes the proof of Proposition 2. The intuition of the concavity

of et(et¡1) in ¯gures 6 and 7 is simply that, at low aggregate employment rates,

many unskilled workers leave the labor force, thereby reducing the relative sup-

ply of the unskilled and thus increasing the level of employment. Endogeneous

participation is a source of adjustment of the labor market.

3.4 Intermediate °exibility: the wage curve

Proposition 3. The dynamics of employment is illustrated in ¯gure (8). There

are multiple steady-state equilibria. The stability of the low employment equi-

librium is insured by the adjustment of participation. The stability of the high

employment equilibrium is insured by the wage pressure.

Proof. Using (1), (5) and the condition on the marginal product of unskilled

labor, we obtain

et:e¡Á
0(1¡et) =

et¡1F (wSt )
(1 + nt) + (1 ¡ et¡1):F (et:wUt )

:AT;° (8)

In the case with constant participation and perfect wage rigidity, the curve would

be strictly increasing from 0 to 1, from proposition 2. Around et = 1, low

unemployment rates lead to wage pressures, which take an extreme form since

wages go to in¯nity when et goes to 1. This means that the curve et(et¡1) has

a second concavity area around 1, which is represented in ¯gure 8. The ¯rst

concavity of the curve was demonstrated in the last sub-section and arises from

the feed-back implied by low participation at a low wage. The second concavity at

high employment comes from wage pressure at low unemployment. This implies

that there are now two interior stable equilibria, the two extreme intersections

with the 45 degree line. The intersection between those two equilibria is an

unstable equilibrium, as is 0 and 1.

Proposition 4. A temporary shock on nt can lead to a permanent change of

equilibrium. Static adverse e®ects like a lower equilibrium employment or lower
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participation are driven by larger cohorts, higher demand for skills, a higher in-

dexation rate, and higher participation when unemployment is high. Dynamic

adverse e®ects (the existence of, and the switch to, a low employment equilib-

rium) are driven by the irreversibility of skill loss due to unemployment, and are

reinforced by the same four factors.

Proof. The result comes from the fact that nt, ¿; ° tend to lower the curve

linking et and et¡1. As concerns the e®ect of F , note that the derivative of

et with respect to F is signed as et¡1.f(wExt )¡(1¡et¡1):f(et¡1:wIt ) and can thus

be negative, especially when et¡1 is low enough.

On the static e®ect of higher F just described, it is worth noticing that high

unemployment countries are more likely to su®er from higher participation, which

is somehow a rationale for Malthusian policies aiming at reducing the size of the

labor force. In addition, the permanent e®ect of a temporary shock is a strong re-

sult, which deserves some comments. The model o®ers the possibility of multiple

equilibria, and more speci¯cally, the possibility of both a stable low-employment

equilibrium and a stable high-employment equilibrium. In ¯gure (8), a temporary

shift of et (et¡1) leads to a permanent change of equilibrium, if the temporary

level of employment et is on the left side of the unstable equilibrium (the one in

the middle of the graph). In this case, the level of employment converges to the

low equilibrium. The economic intuition is the following. The temporary supply

shock increases unemployment among young/low-experience workers. On aver-

age, the young cohort accumulates less experience. Once more, the supply of

skills the next period is lower, which reduces the demand for unskilled workers.

When the temporary shocks disappear, the labor force still exhibits some trace

of the shock; that is, the low level of experience in the labor force. If the shock is

too big, the economy cannot recover the previous high equilibrium employment

and instead shifts to the low employment equilibrium.
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3.5 Conclusions

Among these results, there are two which deserve further comments since they

can be tested. First, participation and unemployment rates are negatively linked,

since participation decisions are endogenous. Second, active population growth,

equal to the growth rate of the cohorts in a steady growth, is positively correlated

with unemployment. This actually implies that the test of the link between un-

employment and labor supply should deal with a classical simultaneous equation

problem.

In conclusion, the dynamic multiplier e®ect of shocks on the average skill of

the active population has been highlighted. It has been shown that the key mech-

anism, that is, the persistence and the ampli¯cation of unemployment shocks,

is not dependent on any particular wage-setting mechanism, and that di®erent

wage setting institutions produce the same dynamics. In this model, in contrast

to most models, increased labor force can have adverse e®ects, not only in the

short run but also in the long run. The adverse e®ects are of a clear dynamic

nature.

4 Investments in human capital

Another aspect of the endogeneity of participation on the labor market is the

investments in skills by workers. I ¯rst study the choices of education and then

treat brie°y on-the-job investment to characterize the behavior of female workers.

4.1 Schooling

In the theory of human capital, education is an investment according to an arbi-

trage between the cost of education (postponed activity, direct cost of education)

and the bene¯ts, that is, mainly higher productivity and wages. There are other

positive private returns to education: unemployment probabilities or unemploy-

ment duration are lower for educated workers. In the European case, it is very

likely that the fear of unemployment is a strong incentive for young workers to
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acquire education, given the strong di®erentials of unemployment between skill

categories. A similar argument is given in Saint-Paul (1993).

The supply of education will here be the answer to disequilibrium situations;

when wage inequality or unemployment rises, the incentive for young workers to

di®er their time of entrance on the labor market will increase. Agents can either

go to university and work only the second period of their life, directly as skilled

workers, or choose to work in their ¯rst period as unskilled worker and if fortunate

enough, acquiring enough job experience to be able to have a skilled occupation

in the second period. For simplicity, education will be a binary choice: there are

only two levels of education, 0 and 1. For simpli¯cation, it is now assumed that

F = 1, i.e. that all workers participate in second period. Young workers only

arbitrate between education and activity. The expected life-time income of those

with and without education is then:

It(ed = 1) = 0 + ¯:wEdt+1 (9)

It(ed = 0) = et:wIt+1 + ¯[et:wExt+1 + (1 ¡ et):et+1wIt+1] (10)

with ¯ is a discount factor. Denote the share of a cohort which gets educated by

st. The dynamic labor supply equations are now

LExt = Pt¡1:et¡1:(1 ¡ st¡1) (11)

LEdt = st¡1:Pt¡1 (12)

LUt = (1 ¡ st):Pt + Pt¡1:(1 ¡ et¡1)(1 ¡ st¡1) (13)

In (13), the unskilled are those without education or experience.

4.1.1 Supply of education in steady-state equilibria

I solve the model in a steady-state and numerical simulations of the steady-state

are given in Appendix 4. There are three possible steady-state equilibria. The

¯rst equilibrium is such that It(1) < It(0): there are no educated workers in this

economy: st = 0. The second equilibrium is such that a fraction 0 < st < 1

of the cohort is enrolled in education, this fraction being determined by the
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equality of life-time income, It(1) = It(0). The third equilibrium is such that

It(1) > It(0): there are only educated workers in this economy: st = 1. The

selection of the equilibrium depends both on labor market aggregate conditions

and on complementarity between skill groups.

Proposition 5. In the market-clearing labor market, when the skilled and

unskilled are complements, then equilibrium 3 (without the unskilled) is impossi-

ble. If experienced and educated workers are complements, equilibrium 1 (without

educated workers) is impossible in both the rigid and the °exible economies.

Proof. The complementarity insures an Inada condition, that is, if one factor

of production is not employed, there is an in¯nite demand for this factor, such

that an equilibrium without it is not possible.

The question here is how the level of education endogenously evolves in re-

sponse to the di®erent shocks on technology and population growth. In order

to have an interior solution such that It(1) = It(0), it will be assumed that the

three factors (unskilled, experienced and educated workers) are complements in

the production. I here study the interesting case 0 < st < 1. Hence, I(1) = I(0)

which yields to a supply curve of education, which can be rewritten as:

¯:(wEd ¡ e:wEx) = e:wU [1 + ¯(1 ¡ e)] (14)

4.1.2 Demand for Education

The degree of substitutability between education and experience is not so im-

portant as long as the Inada conditions described in the previous proposition are

satis¯ed. To simplify the presentation, I have then chosen the following Cobb-

Douglas production function, which simpli¯es the equations: Y = (NU
t )1¡®¡±(NEd

t )®(NEx
t )±

where ® represents a demand shift parameter on education, and ± a demand shift

parameter on experience. The marginal product of labor conditions will provide

the equation of demand for education.
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4.1.3 The rigid economy

Assume, as before, a relative wage rigidity, of the type: wEd
wU = 1

° . It can be

rewritten as:
1 ¡ ® ¡ ±

®
s

1 ¡ s
= °:e:[(1 + n) + (1 ¡ e)] (15)

This equation states that the ratio of the marginal product of the skilled to the

unskilled must be equal to the indexation rate. It can be interpreted as a demand

for education condition: the higher the level of education, the lower the relative

productivity of the educated with respect to the unskilled workers. This leads

to a higher relative demand for the unskilled so the higher their employment.

Replacing the wage constraint in the supply condition on education now yields

¯
±
®

s
1 ¡ s

+ e:°(1 + ¯(1 ¡ e)) = ¯ (16)

which de¯nes a negative relation between education and employment; the higher

is unemployment, the higher the incentives for young workers to acquire edu-

cation. It can be observed that ® and ± have opposite e®ects: an increase in

the demand for education makes education more attractive, but an increase in

the demand for experience makes activity in the ¯rst period more attractive and

education thus less attractive. The equilibrium can be mapped in plane (e; s) as

illustrated in ¯gure 8.

Proposition 6. In this steady-state equilibrium, we have: @s
@® > 0; @e

@® ?

0; @s@n > 0; @e
@n < 0and @s

@± ? 0; @e@± < 0.

Proof. In the plane (e; s), an increase in ± or ® shifts the supply of education

upward but an increase in n has no e®ect. An increase in ® and n and a decrease

in ± shifts demand for education downward. .

The demographic shock (increased n) explains higher unemployment for the

unskilled and higher education. In contrast, each of the technological parameters

explains one stylized fact only, whereas their e®ect is ambiguous for one of the

two equilibrium quantities s and e (represented by the symbol ?).
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4.2 On-the-job

The model can easily be extended to incorporate on-the-job skills investment. It

takes one period for the investment to be e®ective. During the ¯rst period of life,

workers invest it¡1 in skills on-the-job per period of employment. Those skills

become e®ective in the second period, yielding an average of ht = h(et¡1:it¡1)

units of skills,13 where h0 > 0, h00 < 0. The total amount of investments in

skills is increasing in the employment rate, since there are more opportunities

for undertaking the investment. The program of a representative young worker

is to maximize (wYt¡1 ¡ it¡1):et¡1 + ¯:[h(et¡1:it¡1):EwExt ] where ¯ is a discount

factor. The ¯rst order condition simply yields h0(it¡1) = 1
¯:EwExt

. This implies

that ht is a function H = h[h
0¡1(:)] of et¡1, EwExt and ¯ with H1, H2 and H3

all positive.

Under rationale expectations, EwExt will be equal to wExt . The labor supply

dynamic equation (2) is unchanged. Since all young workers can invest in human

capital, there will no longer be older inexperienced workers: LIt = 0, and (3) must

be augmented with the amount of human capital invested by the young workers

the previous period, which implies that the ratio of e±cient units of skilled

workers to unskilled workers becomes:

NEx
t

NY
t + NI

t
=

1
et

ht:F (wExt )
1 + nt

(17)

Under market-clearing wages, the ¯rst-order condition on skilled labor gives

the return to human capital as a decreasing function of this ratio: wExt =

f(ht:F (w
Ex
t )

1+nt ) = f
³
H(1;wExt ;¯):F (wExt )

1+nt

´
. Since the right hand-side is clearly de-

creasing, there is only one solution to the wage, which is increasing in nt and

decreasing in ¯. It follows that the investment in human capital will be increas-

ing in nt. The observable return to experience is ht:wExt which will also strongly
13This formulation, implicitly assuming identical workers, is a simpli¯cation, since workers

may have had di®erent trajectories at the end of the ¯rst period. This actually provides a way of

generating a wage distribution. This interesting property is not exploited here, but postponed

to future research.
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increase in nt.

Under wage rigidities, say wY
wEx = °, the wage wExt only depends on technology

and °, and equation (17) gives:

et =
ht:F (wEx)

1 + nt
:AT;° (18)

and the system thus evolves according to (18) and ht = H(et¡1). The dynamics

of this system depends only on the concavity of H(et¡1), yielding to the situations

described by ¯gures (3) to (7). Again, multiple equilibria are possible, as well

as stable or unstable dynamics. If, for instance, h(x) = x1¡´
1¡´ , 0 < ´ < 1, then

H(et¡1) has an elasticity (1 ¡ ´)=´ which can be either higher or lower than 1.

The important conclusion here is that the investment in human capital will be

increasing with nt in steady-state and will be positively related to the equilibrium

employment rate.

Interpreting this investment in human capital from the 'low-experience' groups

as the investment of women, we have here several predictions: the supply trend

will increase female on-the-job human capital investments, even more so when

unemployment is low and wage inequality important. The gender wage gap will

decrease, to a larger extent when unemployment is low. Spain and France vs.

the US may be a striking illustration of the latter point, since gender inequality

seems much larger in the former countries. This can be seen as a nice alternative

to sociological explanations sometimes involved. 14

5 Some facts

Many authors have acknowledged than the peak in the sizes of the cohorts in the

70's has had consequences for the US wage distribution (see, for instance, Welch

1979, Murphy et al. 1988) and for the unemployment rates (Bloom et al. 1987).

The theoretical model of the previous sections is based on these contributions,

and has been extended in two directions: female participation as an explicit
14Most of the insights derived from this part of the model actually came up during a conver-

sation with Daniel Cohen, whom I want to thank here.
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component of the supply trend; and the exploration of the links between the

supply of education and the supply of experience.

To proceed to a direct test of the model is beyond the scope of this paper.

This section only attempts to highlight some predictions of the model which ¯t

well with the facts. One important prediction is that higher education of the

workforce is indirectly caused by labor supply trends. Labor supply trends gen-

erate some crowding out and accordingly unemployment, thus preventing young

workers from accumulating skills. They then have stronger incentives to acquire

education. I borrow here from my dissertation to decompose the changes in labor

supply in a high unemployment economy, France, with a historical perspective

over the last 30 years, that is, a large number of inexperienced workers in the

labor force followed by an increase in the supply of education in the mid 1970's,

as implied by the model. The idea is to decompose the ¯tted hourly wage (from

a wage equation) of all individuals in the labor force into two components, ex-

perience (on the x-axis) and education (on the y-axis). 15 (See ¯gure 9). These

points represent the average of the e±ciency units of the labor force in each of

these two dimensions for the years 1970, 1977, 1985 and 1993. The return to

education and the return to experience are chosen at a given year, 1970, but the

result does not depend on the reference year. It appears from the graph that

the ¯rst large shift in the skill composition of the labor force is a decline in the

experience level during the period 1970-77. Over the same period, there is an

increase in the e±ciency level of education. In a second period, after 1977, the

decrease in the average e±ciency units of experience of the labor force deceler-

ates, and there is a strong rise in the supply of education. As predicted by the

model, the rise in the level of education of the labor force follows the decline in

experience.

Another fact supporting the model is the increase in the wage return to
15The wage equations allow for female-male wage di®erences in the intercept, and the return

to education and experience.
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experience in the US over time, as reported in Juhn et al. (1993), for instance.

Since 1963, the return to experience is constituted by the price of the skills

which increased most, to a much larger extent than the return to education. As

indicated in Section 1, there has also been a decline in the supply of 'experience'

- this claim is based on some additional work on CPS micro-data, not reported

here (see Wasmer 1997) -, and the correlation between the series between 1964

and 1997 is -0.64. It is tempting to see a causality at this stage: a lower supply

of skills (experience) increases the return to experience. This emphasizes the

importance of labor supply trends.

As indicated in Section 3.5, a comparison of unemployment rates across coun-

tries may also yield interesting results. Among countries with fairly similar wage-

setting institutions (e.g. continental Europe), low unemployment countries are

those with a weak demography in the 70's and the early 80's (Scandinavian coun-

tries, Germany) as opposed to France or Spain, for instance, and the growth of

female participation should be positively associated with unemployment. As dis-

cussed in Section 4.1, a higher investment in human capital from 'low-experience

groups' like women generates a prediction about the evolution of gender di®er-

ences. They should decrease in response to adverse supply shocks, particularly

when unemployment is low, but remain high in high unemployment countries.

6 Conclusion

Demographic changes (age and gender) are important in all OECD labor markets.

In this paper, it is argued that the evolution of inequality and unemployment

can partly been understood by taking these changes into account. The model

explores their dynamic implications and makes it possible to disentangle the

e®ects of labor demand and labor supply shocks. When the labor supply shocks

are shocks of more inexperienced workers, their e®ects are quite similar as the

e®ects of labor demand on more skilled workers: a decrease in the wage of the

unskilled, an increase in unemployment, persistence in unemployment, and an
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increasing supply of educated workers. In response to the adverse supply shock,

low-experience workers invest in human capital: in on-the-job skills for women,

in education for young workers.

The only empirical illustration of the model presented here is that the timing

of the changes in the skill composition of the labor force is consistent with the

model in a high unemployment economy, France. Higher education follows the

changes in the age and gender composition of the labor force. The model suggests

many others links between unemployment, wage inequality, gender di®erences

and participation, some of which I have tested elsewhere. Given the complexity

of the interactions between the wage structure and labor supply, more work on

the issue would be welcome.

² Appendix 1: Survey Actifs Financiers 1992

In the survey Actifs Financiers 1992, individuals are asked about their past, notably
the age at end of schooling (variables JER201 or JEC201 for the reference person
in the household and his/her partner), the age of the ¯rst paid job (variables AR201
or AC201), the number of periods of employment interruptions (AR63 or AC63),
the reason for these interruptions (unemployment, inactivity or disease, in AR64 or
AC64), and ¯nally, real employment experience as measured by the number of years in
employment (de¯ned as paid activity excluding "Petits boulôts") (variables AR65 and
AC65) and the number of years in full-time employment (AR66 and AC66). This is
quite unique in micro-surveys, since employment experience is usually approximated by
the potential experience or Mincer's proxy (age - education - 5 or 6).

Education is de¯ned by the highest diploma obtained in general or vocational classes,
and if there is no diploma, the level reached (variables DIEG, DIEP , DIES and
NIV SAN ). It is de¯ned by eight dummy variables (No Diploma, CEP, CAP or BEP,
BEPC, Bac Technique, Bac General, Deug-Licence, Mâitrise and higher) which corre-
spond to: 5 years of schooling, 8 years vocational, 8 years general, 12 years vocational,
12 years general, 14 years and more than 15 years. This gives a balanced partition of the
sample.

Annual wage earnings for 1990 include premia and wages from temporary employ-
ment and secondary activities (variable RE01b1 and 2 for the reference person in
the household and his/her partner). Individuals declare the corresponding number of
months (RE01b1 and 2), as well as the percentage with respect to full-time employ-
ment (RE01d1 and 2). There is no problem of top-coding here. Then the log of hourly
wage is de¯ned as Log(RE01b1=RE01c1 ¤ RE01d1=(39 ¤ 4)) where 39 is the legal
weekly number of hours.
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The sample is restricted to 15-65 year old workers who are not retired. About 10%
of the sample whose current or last activity is self-employment, are excluded, since the
return to experience in this type of activity may di®er from the return to paid activity.

Standard data are used as instruments for endogeneity of participation of women:
the number of children aged 3, 6 and 18, the number of individuals in the household,
the marital status, the status of the head of the household (1 if yes), the activity of the
individual's mother, the existence of an activity in the past, the year of the constitution
of household. The same kind of variables were used to instrument real experience in wage
equations.

² Appendix 2: proof of lemma 1

Proof. With F = 1, equation (7) de¯nes an increasing convex function et(et¡1) such
that et(0) = 0 and accordingly, the three possible situations of ¯gures 3-5. The upper
limit for et is 1, in which case the wage constraint is no longer binding.

² Appendix 3: proof of lemma 2

Proof. First, notice that wages are independent of time. They depend on the relative
employment, which itself depends on the relative wage by the inverse relative demand,
and thus depends only on °. Denote et by y, and et¡1 by x, and the derivatives of
y with respect to x by y0, y" etc... Then, y0[(1 + n) + (1 ¡ x)F (y:wU ) + (1 ¡
x):y:wUf(y:wU )] = F (wS) + y:F (y:wU) and clearly y0 > 0. Then, denoting A =
(1 + n) + (1 ¡ x)F (y:wU) + (1 ¡ x):y:wUf(y:wU), this gives:

A:y" = y0:[2:F (y:wU)+2:wU :y:f(y:wU )¡2(1¡x):wU :y0:f(y:wU)¡(1¡x):(wU)2:y:f 0]
(19)

A necessary and su±cient condition for the concavity of the curve et(et¡1) is y" < 0.
Since A > 0, it is su±cient to have a high enough f or f 0 for having a negative y" in (19).
The economic interpretation of high f or f 0 at some point x0 is that participation is very
elastic to the expected wage around this point. Then, many workers will quickly leave the
labor force if the expected wage decreases too much, which will increase their marginal
product given the concavity of the production function. This drives the concavity of the
dynamic equation (7), which insures that 0 is not the only stable equilibrium in ¯gures
6 and 7. To prove the second part of the lemma, it is su±cient to write the sign of
fyF=1 ¡ yg to get (1 + n):x:(1 ¡ F (wS)) ¡ x(1 ¡ x):[F (wE) ¡ F (x:wU )]which is
positive for low x and negative for x close to 1.

² Appendix 4: dynamics with education

In the °exible case, it is possible to study the dynamics of adjustment. Assume,
for instance, that the supply of education adjusts with lags to demand. For instance,
assume the following dynamics:

st = st¡1 + ¸:
It(1) ¡ It(0)

It(1)
(20)
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where ¸ characterizes the speed of adjustment. Then, in replacing the relative wages in
(20), the following dynamics holds :

st = st¡1 + ¸

"

1 ¡
1 ¡ ® ¡ ±

®¯
:G:

µ
st¡2

1 ¡ st¡2

¶® µ
st¡1

1 ¡ st¡1

¶1¡®
¡

±
®

:
st¡1

1 ¡ st¡1

#

(21)
with G = (1 + nt¡1)®+± (1+nt)¡®¡±¡1. The dynamics is easy to simulate. When st¡1
is close to 1, the demand for the unskilled is so high that there is a sharp decline in the
supply of education the next period. There is a dynamics of overshooting convergence in
education which is realized in cycles of decreasing size, which happens when the speed
of adjustment is su±ciently high. Figure 10 shows three paths of convergence towards
the same limit. The curves are uniformly shifted upwards when nt and ® increase. The
e®ect of a rise in ± is ambiguous: it decreases the demand for the unskilled, and thus
makes education less costly, but increases the return to work experience, so that the
opportunity cost of education becomes higher.
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Figure 1: Gender composition of the labor force: share of women in the active
population, OECD countries.
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Figure 2: Age composition of the labor force, US and Europe.
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