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1 Introduction

Most empirical studies suggest that the returns to schooling are deeply related to the

different kinds of mobility on the labour market. Education appears to play a key role on

transition rates into and out of employment. Unemployment rates decrease with education

attainment in almost all the OECD countries1 (see Drèze and Sneessens, 1997, and Layard

and Nickell, 1999). Estimates from duration models generally report that workers with

higher levels of formal education move into employment more quickly than workers with

less education (see Devine and Kiefer, 1991, for a survey). We shall refer to that kind of

job mobility as status-mobility.

Status-mobility is only one part of the picture. Better-educated earn higher wages.

The positive relationship between education and wages — captured by Mincerian equations

— is indeed one of the most certain in Economics (see Card, 1999, for a survey). Besides, a

large part of wage growth over one’s career is due to occupational mobility (see, e.g. Topel

and Ward, 1992, on a sample of young American male workers, and Manning, 2000, on

UK data). Taken together, these empirical findings lead to the reasonable thought that

most of the wage returns to schooling actually result from improved occupational mobility.

This intuition is in accordance with the results obtained by Galor and Sicherman (1990)

and Sicherman (1991) who show that given an origin occupation, schooling increases the

likelihood of occupational upgrading, either within firms or between firms. We shall refer

to that kind of job mobility as wage-mobility.

This paper offers a theoretical perspective on the interactions between education and

these different aspects of mobility on the labour market. We focus on a set of three

questions: First, how do both kind of job mobility affect incentives to schooling — namely,

what are the roles played by the scarcity of job opportunities and wage dispersion? Second,

how does in return education affect the labour market performance? Lastly, are private

returns to schooling equal to, bigger or smaller than the social returns?

We thus propose a general equilibrium model in which schooling length has both

status- and wage-mobility returns, and in which the size of those returns depends on

1To the noticeable exception of Italy and Israel.
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aggregate educational investments. Job mobility is apprehended through the wage posting

framework with on-the-job search initially elaborated by Burdett and Mortensen (1998)

and extended by Mortensen (2000) to account for labour demand endogeneity; mobility

returns to schooling stem from the fact that education has a direct effect on the rate at

which one meets a wage offer. Assume that a continuum of equiproductive technologies

can be implemented to produce a single final good. Each job, filled or vacant, is endowed

with only one of these technologies. When the length of schooling determines the number

of technologies a worker can operate, those who have completed the longest studies can

apply for a larger proportion of jobs available in the economy2: they tend to exit faster

from unemployment and benefit from better wage mobility once employed. Therefore,

human capital has an horizontal dimension, i.e. the longer the schooling duration, the

larger the number of occupations a worker can apply for. A consequence of this assumption

is that increasing one’s schooling effort creates a congestion externality for the other.

Due to the wage posting structure, there is a non-degenerate wage distribution even

though workers are ex ante perfectly identical. Allowing workers to search on the job

implies heterogenous reservation wages, depending on the worker’s position on the wage

ladder. Therefore, firms can pay higher wages to attract workers from firms offering lower

wages. In this setting, workers do not only invest in education to leave unemployment

more rapidly — status-mobility returns to schooling —, but also to upgrade faster in the

wage distribution through a process of job shopping — wage returns to schooling. We use

this structure to answer the set of questions marked above.

1. Two main determinants of the educational investment are emphasized: unem-

ployment and wage dispersion. First, status-mobility returns to schooling increase when

job opportunities are scarce, or when losing one’s job is likely. In other words, at the

microeconomic level, the schooling length tends to be increasing in the different compo-

nents of unemployment (unemployment incidence and duration). At the macroeconomic

level, those incentives translate into a positive structural relationship between aggregate

schooling and the unemployment rate. Second, wage-mobility returns to schooling tend

2This view comes close to Thurow (1975), who argues that the higher educated workers are not more

productive, but easier to train.
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to increase when the wage dispersion becomes more dispersed. Indeed, climbing the wage

ladder is not very exciting when the ladder has only a few rungs.

2. Schooling affects labour market performance in two differents ways. More edu-

cated/mobile workers are easier to recruit, so that they attract more firms on the search

market. However, as workers meet a new offer more quickly, firms willing to keep their

workers are obliged to post higher wages. To summarize, education tends to raise labour

demand and wage dispersion. The unique equilibrium is thus defined by the intersection

of two aggregate relationships between education and the unemployment rate: the up-

ward sloping optimal schooling curve, and the downward sloping labour demand curve.

Two main parameters affect the equilibrium mobility returns to schooling and the labour

demand: the job destruction rate — downward mobility — and the minimum wage (MW)

— which compresses the wage dispersion. On the one hand, education and the unemploy-

ment rate are increasing in the job destruction rate, reflecting both the higher rate of

entry into unemployment and the increasing need of mobility to find a job more quickly,

or to leave the low rungs of the wage ladder. On the other hand, the unemployment rate is

strictly increasing in the MW, while the relationship between the MW and the schooling

duration is typically U-shaped. Indeed, the MW compresses the wage distribution, which

in turn depresses the wage-mobility returns to schooling; but it also increases the unem-

ployment rate, and therefore raises the status-mobility returns. The first effect dominates

(is dominated) at low (high) levels of the MW.

3. Turning to our third point of interest, we compare the decentralized outcome to

the social commands which would be chosen were the stationary consumption maximised.

Social returns to schooling consist in a more efficient matching technology; such returns

are very close to the private status-mobility returns. From a social perspective, job-to-

job transitions provide no gains (jobs are identical), but create congestion effects on the

search market. Therefore, there is no social counterpart to the private wage-mobility

returns. Consequently, private returns to schooling are above social returns and workers

over-educate. We show that a combination of a minimum wage and a schooling fee per

unit of time spent in the schooling system can restore social efficiency.

The closest paper to ours is that by Galor and Sicherman (1990) on career mobility.
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Their model is characterized by a variety of occupations that are available for individu-

als within as well as across firms. Those occupations are ranked according to their skill

requirement and to the wage they pay. In this environment, choosing an education invest-

ment means choosing a career path. Albeit quite appealing, this paper is only concerned

by one component of job mobility — namely, wage mobility — and only offers a partial

equilibrium analysis. By contrast, our paper highlights both wage and status components

of job mobility, and adopts a general equilibrium perspective. This allows us to separate

the impacts of the macroeconomic environment on incentives to schooling, and the effects

of aggregate schooling on the performance of the labour market.

Beyond its focus on job mobility, our paper is also related to the large body of lit-

erature exploring the connexions between education and the labour market performance

within the matching theory. Usually, such models stress two main predictions: because

unemployment implies that human capital remains idle over long/frequent spells, it is

detrimental to schooling investments (see e.g. Laing, Palivos and Wang, 1995). Second,

rent-sharing implies that workers pay the full (marginal) cost of education but only get

a share of the total (marginal) reward. Consequently, they under-invest in education

(see Acemoglu, 1996). As noted by Moen (1999), both predictions are challenged by the

(European) evidence. From that perspective, our model seems to be endowed with quite

realistic properties. For instance, different levels of wage rigidity (minimum wage) are

associated with different unemployment rates, but may well generate the same schooling

duration.

The outline of the paper is as follows. Section 2 describes the structure of a wage

posting model with endogenous schooling duration. Section 3 focuses on the individual

schooling behaviour, while section 4 is devoted to a general equilibrium analysis. In

section 5, we compare private and social returns to schooling and propose a policy to

restore efficiency. Section 6 discusses some extensions of the model. Section 7 offers

concluding comments.
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2 The model

The demographics of the model has two main particularities. First, δ agents enter the

market at each instant. This assumption will ensure that the inflow into the education

system is constant. Second, agents may die at any moment and δ is also the (age-

independent) risk of dying. The population is thus constant and normalized to unity; more

importantly, this assumption will ensure that investments in education remain bounded

even though the rate of time preference tends to 0. Individuals are risk-neutral and ρ is

the pure rate of time preference, as well as the interest rate of the economy.

Production sector. There is a single final good which can be produced by means of a

continuum of equiproductive technologies3. The set of technologies is normalized to [0, 1].

Advertising a vacancy implies posting a wage along with a given a technology. Firms

choose the wage level, and pick a technology randomly by a draw from a uniform law on

[0, 1]. This process is assumed irreversible, so that neither the wage nor the technology

can be modified once a job offer is posted. Consequently, only those having acquired

the technological knowledge to operate the required technology can apply for this job.

Crucially, the number of technologies which can be operated for by a given individual

depends on her schooling duration.

Schooling sector. Immediately after birth, the agents enter the schooling system. Edu-

cation takes time, and its cost only consists in the value of (expected) earnings individuals

forego during their schooling period. Education increases workers’ mobility since it de-

termines the number of technologies they can operate. A worker who has completed a

curriculum of a given length Ti can apply for a job on the H (Ti) submarkets for which

he has the required skills, but not on the other 1−H (Ti) submarkets.
The technology H is stricly decreasing and strictly concave. To ensure the existence of

a solution to the maximisation problem, H � (0) = H (0) = 0, and H � (∞) = 0. Moreover,
H (∞) = 1. We shall denote by λ (T ) ≡ H � (T ) /H (T ) the rate of return of schooling.

The concavity of function H implies that the rate of return is decreasing in the schooling

duration.
3The reason why such technologies coexist is beyond the scope of this paper.
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Matching sector. After their schooling period, the agents enter the labour market as

unemployed4, and try to locate a vacancy. As in Burdett and Mortensen (1998), all agents

search. The global flow of matches M between job-seekers and vacancies is given by the

aggregate matching technology:

M ≡M
�
H.N, v

�
(1)

whereH ≡ E (H (Ti)) is the number of technologies which can be implemented on average
by a “typical” worker, N is the workforce and v is the number of vacancies. The function

M has the standard properties of a matching function: it is strictly increasing in each

of its arguments, strictly concave and admits constant returns to scale. It satisfies the

following boundary conditions: M (x1, 0) =M(0, x2) = 0 for all x1, x2 ≥ 0, and the Inada
conditions.

Let m (θ) ≡ M (1, θ). The flow probability for a firm to meet an applicant is η =

M/V = m (θ) /θ, where θ ≡ V/
�
HN

�
is the labour market tightness. By analogy

with the standard matching model with search intensity elaborated by Pissarides (1990,

chapter 4), H (Ti) can be interpreted as the individual search intensity5. Since education

provides workers with a certain amount of search efficiency units, the function H (Ti)

determines the workers’ mobility over the space of technologies. Thus, the instantaneous

“probability” of locating a vacancy for an individual with a schooling effort Ti is

µi =
H (Ti)m

�
HN, V

�
HN

= H (Ti)m (θ) (2)

The individual contact rate is increasing in individual schooling. Mobility returns to

schooling will therefore consist of a higher contact rate. At the aggregate level, it is worth

noting that the efficiency of the matching process is increasing in workers’ education.

Firms’ and workers’ gains. Let S (Ti) andW (Ti, w) be the values of being unemployed

and employed respectively for a worker who has completed a period of schooling of length

Ti. Let r ≡ ρ + δ, q, w0 be the global discount rate, job separation rate and MW rate.

4We do not allow the agents to search a job during the schooling period.
5The main difference with the standard model with search intensity is that search efforts have to be

continuously repeated while education decisions are irreversible.
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The values S (Ti) and W (Ti, w) satisfy the two arbitrage equations6:

rS (Ti) = µi
U wmax
w0

[W (Ti, w)− S (Ti)] dF (w) (3)

(r + q)W (Ti, w) = w + µi
U wmax
w [W (Ti, hw)−W (Ti, w)] dF ( hw) + qS (Ti) (4)

where F (w) is the wage offer distribution, w0 is the MW and wmax is the (endogenous)

upper-bound of the wage distribution. With (flow) probability µi, an unemployed is

matched to a vacancy. Once employed, the worker undertakes on-the-job search to get a

better wage. The (flow) probability of voluntary quit for a worker earning the wage w is

µi [1− F (w)], the contact rate between firms and workers, times the probability that the
offered wage is higher than the current one. Obviously, the probability of finding a better

wage offer diminishes when one climbs the wage ladder. Finally, with probability q the

match is destroyed and the worker steps into unemployment where he enjoys the felicity

level S (Ti).

Let V and J (Ti, w) denote the values of a vacant job and of a filled job. Those values

satisfy the two arbitrage equations:

ρV =max
w≥w0

k−γ + η [ETip (w | Ti)J (Ti, w)− V ]l (5)

(r + q)J (Ti, w) = y − w − µi [1− F (w)] [J (Ti, w)− V ] + (q + δ)V (6)

Vacant job slots induce a flow cost of posting a vacancy γ > 0. With (flow) probability η,

a worker is met. The probability that she will accept the job offer is p (w | Ti); it depends
on the worker’s situation on the labour market, and therefore on her schooling duration.

Denoting by u (Ti) the unemployment rate of workers whose schooling duration is Ti,

we get p (w | Ti) = u (Ti) + (1− u (Ti))G (w | Ti) — unity if unemployed, and G (w | Ti) if
employed, where G is the distribution of wages among the employees of schooling duration

Ti. Since the education attainment of the incoming worker is a priori unknown for the

firm, the value of a filled job has to be taken with an expectation operator in equation (5).

Filled jobs bring a revenue to the firm of y − w. With a flow probability q + δ, jobs are

destroyed; with a flow probability µi [1− F (w)], the worker quits to get a better wage.
6Equation (3) implicitly assumes that all wage offers will be accepted by the unemployed. It is

indeed true since there are no unemployment benefits, and the contact rate is the same for employed and

unemployed workers.
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Firms are free to advertise vacancies. Free entry implies the exhaustion of all rents

and drives the value of a vacancy down to zero. This yields

ETip (w | Ti)J (Ti, w) = γ/η (θ) (7)

From equations (3) and (4), we get

S (Ti) =
µi

r + µi

] wmax

w0
W (Ti, w) dF (w) (8)

J (Ti, w) =
y − w

r + q + µi [1− F (w)]
(9)

The next section describes the individual schooling behaviour.

3 Schooling choices

In this section, we focus on the incentives to schooling. We particularly emphasize the

role of unemployment and wage dispersion.

We first compute S (Ti). Integrating by part the right-hand side of equation (8), it

comes:

U wmax
w W (Ti, hw) dF ( hw) =W (Ti, wmax)− F (w)W (Ti, w)− U wmaxw

∂W(Ti,hw)
∂hw F ( hw) d hw

(10)

But, from (4),

∂W (Ti, w) /∂w = (r + q +Him [1− F (w)])−1 (11)

Since W (Ti, wmax) =
wmax
r+q

+ q
r+q
S (Ti),

S (Ti) =
1

r

+
Him

r + q +Him
w0 +

] wmax

w0

(1− F (w))Him
r + q +Him [1− F (w)]dw

,
(12)

Optimal schooling results from

eTi =argmax
Ti≥0

e−rTiS (Ti) (13)

The first-order condition writes down rS
� eTi� = S� � eTi�. The marginal cost of schooling

consists of the value of (expected) foregone earnings. The latter is equal to the value of
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search times the effective rate of discount. The marginal benefit can be decomposed as

follows:

S� (Ti) = λi
r + q

r + q + µi

 S (Ti)
status-mobility return

+
1

r
µi

] wmax

w0

F (w) (1− F (w))µi
[r + q + µi (1− F (w))]2

dw

wage-mobility return

 (14)

There are two returns to schooling: a status-mobility return, since education increases

the probability of getting a job; a wage-mobility return as it also determines the speed

at which the worker climbs the job ladder. The analytical expression of those returns

are very close to each other because the job-finding rate of an unemployed is assumed

to be equal to the wage offer rate of an employee. However, there are two reasons to

distinguish them. First, changes in the environment (institutional, or macroeconomic)

will affect differently each type of return. Second, job-to-job transitions correspond to a

social waste, while status-mobility return will be matched by a social gain. Finally, it is

worth noting that, neglecting the wage-mobility return to schooling, the marginal benefit

is equal to a given factor λi
r+q

r+q+µi
times the value of search. This factor is lower than

the rate of return λi; this reflects the fact that schooling is less useful once in the job

(status-mobility returns vanish).

Proposition 1 Individual education attainment solves

w0
(r+q+µi)

2

q
λi − r − r

r+q
µi
r
+U wmax

w0
(1−F (w))

[r+q+(1−F (w))µi]2
q
λi − r − r

r+q
(1− F (w))µi

r
dw = 0

(15)

It has the following properties:

(i) r < λi < r +
r
r+q
µi

(ii) λi tends to r + r
r+q
µi as w0 tends to wmax

(iii) λi tends to r as m (θ) tends to 0, or q tends to infinity; λi tends to infinity as

m (θ) tends to infinity

The three properties we have highlighted concern the magnitude of education invest-

ment, the impact of the wage dispersion, and the relationship of the schooling duration

with the different components of unemployment (unemployment incidence and duration).
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Property (i) shows that despite the apparent complexity of equation (15), the schooling

duration remains bounded, and those bounds have a strong economic meaning. They

depend on the size of the wage-mobility returns to schooling. Neglecting those returns

leads to the upper bound of the optimal rate of return: in that case equation (14) im-

plies that rS (Ti) = λi
r+q

r+q+µi
S (Ti), which is equivalent to λi = r + r

r+q
µi. Conversely,

magnifying those returns leads to the lower bound λi. Once employed, the relative impor-

tance of improving one’s mobility diminishes, as more and more wage offers are refused.

Abstracting from such effects provides a supremum to the marginal benefit of schooling:

S� (Ti) < λiS (Ti). Therefore, λi < r.

Property (ii) shows that optimal duration of schooling is minimal when the wage

dispersion is nil. The reason is that the wage-mobility returns to schooling vanish in

that case. This suggests that in most plausible cases, the individual schooling duration

should be increasing in the wage dispersion. However, this cannot be shown in the general

case without investigating the relationship between the whole wage distribution and its

support; this is done in the next section for the equilibrium wage distribution.

Property (iii) puts the emphasis on the effects of incidence and duration of unemploy-

ment on the incentives to schooling. Once again, it is difficult to exhibit analytically a

systematic link7; however limit properties offer some intuitions. As education investments

are aimed at improving workers’ mobility, they become useless in a perfectly competitive

environment where the contact rate between workers and job offers tend to infinity (or

when tightness becomes very high). Conversely, it is maximal when the matching process

is so inefficient that is virtually impossible to get a job (when tightness is very low).

4 Schooling and mobility in general equilibrium

In this section, we adopt a general equilibrium perspective and solve simultaneously for

a schooling duration, a wage distribution, and an unemployment rate. We only focus on

symmetric equilibria. Identical individuals thus choose the same schooling duration, so

7Suppose the wage dispersion is nil. It is then clear that schooling is increasing in job destruction,

and decreasing in tightness. Other effects seem to be of second-order, but this cannot be established.
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that Ti = T . Then, the contact rate of individuals with vacancies is µi = µ = H (T )m (θ).

Population. We first characterize the various (stationary) mass numbers of workers in

each of these states: labour force (N), unemployed (U), employed (L). The dynamics of

workforce and employment are:

dN/dt = δe−δT − δN (16)

dU/dt = δe−δT + q (N − U)− (Hm+ δ)U (17)

Therefore, the measure of the workforce is worth N = e−δT , the participation rate of the

economy. The number of unemployed is U = uN , where u = δ+q
δ+q+Hm

is the unemployment

rate. Employment is residually defined as L = N − U .
Wage distributions. We briefly present the wage distributions F and G — this does not

differ from Burdett and Mortensen (1998). The wage distribution G (w) ≡ G (w | T ) is
derived from a flow equilibrium approach. The outflow from the pool of employed workers

earning less than w is

G (w) (1− u) e−δT [δ + q + µ (1− F (w))] (18)

This is equal to the proportion of workers paid less than w, times employment, times

the rate of gross job destruction δ + q plus the rate at which those workers obtain wage

upgrading. The inflow in the same pool is µue−δTF (w): the job-finding rate times un-

employment times the proportion of wage offers below w. These two facts together with

the Beveridge curve u = (q + δ) / (q + δ +Hm) imply that

G (w) =
(q + δ)F (w)

q + δ + µ [1− F (w)] (19)

The probability that a given worker will accept the job offer is thus p (w) ≡ p (w | T ) =
q+δ

q+δ+µ[1−F (w)] . The wage offer distribution F (w) is then computed from the following free

entry condition:
γ

η
= p (w)J (T,w) , for all w ∈ [w0, wmax] (20)

Using (9) and solving for F (w), we get

1− F (w) = −(2q+r+δ)+{(2q+r+δ)2−4(q+δ) ηγ [(r+q) γη−y+w]}1/2
2Hm

(21)
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which defines the equilibrium wage offer distribution for all w ∈ [w0, wmax], where the
upper-bound of the distribution is

wmax = y − (r + q) γ/η (22)

by virtue of F (wmax) = 1. Finally, the tightness can be derived from equation (20)

evaluated in w = w0:

γ

η (θ)
=

q + δ

q + δ +Hm (θ)

y − w0
r + q +Hm (θ)

(23)

In the remainder, we only focus on the case where the rate of time preference ρ tends to

0. Moreover, we adopt the following minimum wage policy8: w0 = βy, β ∈ [0, 1). The
parameter β will be refered to as the minimum wage factor.

Equilibrium. The equilibrium consists of a tightness, which solves the free entry con-

dition (23), a wage distribution, summarized by equations (21) and (22), a schooling

duration, which results from (15), and an unemployment rate, defined by the Beveridge

curve u = (q + δ) / (q + δ +Hm). It is convenient to solve tightness as a function of the

unemployment rate and the schooling duration from the Beveridge curve:

m (θ (u, T )) =
q + δ

H (T )

1− u
u

(24)

Manipulating the different equations yields (after some algebra):

γ/η (θ (u, T )) = κu2y/ (q + δ) (FE)

�
1 + κ+ 2κ

u

1− u lnu
�
uλ (T ) = δ [1− κu] (OS)

where κ ≡ 1− β. Equilibrium is defined by the intersection of two curves: the free entry

equation (FE), and the optimal schooling equation (OS) — once taken into account the

specific nature of the wage distribution. Both curves relate the unemployment rate to the

schooling duration.

Lemma There exists a unique equilibrium
8This assumption is innocuous; it simply helps saving on notation.
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(FE) defines the unemployment rate as a strictly decreasing function of the schooling

duration. Indeed, education improves the efficiency of the matching process. The number

of vacancies per job-seeker is therefore increasing in aggregate schooling. (OS) defines the

schooling duration as a strictly increasing function of the unemployment rate. We have

shown in section 3 that education was positively related to the incidence and duration

of unemployment. In the particular case where the rate of time preference is nil, those

properties imply that schooling directly depends on the unemployment rate. This would

not hold in the general case with positive discounting. As the curves (FE) and (OS) have

opposite slopes, the equilibrium is unique.

Two parameters are of great economic importance concerning job mobility: the job

destruction rate and the MW. The effects of these parameters are analyzed in proposition

2 and depicted by figure 1.

Proposition 2 There exist (β0,β1), 0 < β0 < β1 < 1, such that

(i) du∗/dq > 0 and dT ∗/dq > 0 for all β ∈ [0, 1) and all q ≥ 0; lim
q→∞ T

∗ = λ−1 (δ)

(ii) du∗/dβ > 0 and dT ∗/dβ < 0 whenever β < β0 and dT
∗/dβ > 0 whenever

β > β1; lim
β→0

T ∗ = T ∗0 < λ−1 (δ) and lim
β→1

T ∗ = λ−1 (δ)

Job destruction only affects the (FE) locus, through its effects on the Beveridge curve,

and on the value of a filled job. Both effects imply that the unemployment rate must be

higher at given schooling duration, so that the (FE) locus moves up. Due to the positive

slope of the (OS) curve, both the unemployment rate and the schooling duration increase.

As the job destruction rate becomes arbitrarily large, the unemployment rate tends to 1,

and the rate of return to schooling λ (T ∗) tends to the rate of death δ.

[Figure 1]

The MW deteriorates profit opportunities. Consequently, following an increase in the

MW factor, the (FE) locus moves up, which tends to increase both the unemployment rate

and the schooling duration. However, the MW also reduces the incentives to schooling

by compressing the wage distribution; the (OS) locus moves upward too. There are thus

two conflicting effects of the MW on the schooling duration: a negative effect, through
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falling wage-mobility returns to education, and a positive effect through falling tightness.

The negative (positive) effect dominates for low (large) values of the MW factor: the

relationship between education and the MW tends to be U-shaped9; this is depicted by

figure 2.

[Figure 2]

Empirically, proposition 2 implies that two economies characterized by different de-

grees of wage rigidity (different β) know different unemployment rates, but may well

exhibit the same aggregate educational level. In the low MW country, employment is

higher and the wage dispersion is relatively more dispersed. Schooling is mainly moti-

vated by wage upgrading through job-to-job mobility. In the high MW country, the wage

distribution is more compressed so that job-to-job mobility is relatively less important for

education investments; however, the labour demand is weak and workers train so as to

compensate (partially) for the low number of vacancies per job-seeker.

We now turn to efficiency considerations.

5 Private and social mobility returns to schooling

This section is mainly devoted to a comparison between social and private returns to

schooling. We show that firms tend to post too many vacancies, and workers tend to get

too much training. An adequate combination of minimum wage and schooling fee can re-

store efficiency. The social criterion we choose is standard: a social planner maximises the

discounted value of the path of aggregate consumption. When the rate of time preference

ρ tends to 0, it is sufficient to maximise stationary consumption. Therefore,

Ω =max
T,θ

q
e−δT (1− u) y − γv

r
(25)

s.t. u = q+δ
Hm+q+δ

and θ = v
He−δT . We thus assume that the social planner takes as given

the fact that all workers search (this assumption is dicussed longer below). The term

9All the numerical experiments we have performed under the assumption of a Cobb-Douglas matching

technology provide a U-shaped relationship between education and the MW.
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e−δT is the participation rate of the economy. Note that our assumption of perpetually

young agents here makes particular sense: if individuals were infinite-lived, their education

duration would tend to infinity.

Let α ≡ α (θ) ≡ θm� (θ) /m (θ) be the elasticity of the contact rate per unit of search.

The desired rate of unemployment up and schooling duration T p solve the first-order

conditions:
γ

η (θ (u, T ))
= αu2y/ (q + δ) (26)

(1− α)uλ = δ [1− αu] (27)

Equations (26) and (27) must be compared to equations (FE) and (OS), i.e. the market

outcome.

The first point to notice is that at given education attainment, Mortensen’s (2000)

result still holds: private tightness tends to be too high, and thus the unemployment rate

tends to be too low. While posting vacancies, firms increase the rate at which jobs are

destroyed, a feature they do not take into account. By lowering firms’ profits, the MW

can be used to correct this market failure. The optimal MW factor is then β = 1 − α.

However, in our framework, the MW will also affect education decisions.

The second point is that over-education takes place. To see this, simply rewrite (27)

as follows:

λp = δ +
1

1− α

δ

q + δ
Hpmp (28)

As λ∗ < δ + δ
q+δ
H∗m (see proposition 1), it follows that λ∗ < λp; consequently, T p < T ∗

for a given tightness. The reasons why workers over-educate can be infered from the social

marginal benefit and marginal cost of schooling. The marginal benefit MB is worth:

MB = e−δTu (1− u)λy (29)

The marginal benefit consists in a reduction in the unemployment rate through an in-

crease in the search process efficiency. This corresponds to the status-mobility returns

to schooling we previously highlighted. But, there are no social wage-mobility returns to

schooling. Consequently, the social marginal benefit of schooling is lower than the private

benefit.
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Consider now the social marginal cost:

MC = δe−δT [(1− u) y − γθH] + γθHe−δTλ (30)

It is composed of two terms. The first is the decrease in the rate of participation following a

marginal increase in the schooling duration. This corresponds to the foregone “earnings”

of a student10. The second is the increase in recruitment costs induced by the higher

search intensity of employed workers. There is no private counterpart to this second cost,

so that the social marginal cost is larger than the private one. Over-education thus results

from both a too large valuation of the schooling benefits, and too small valuation of the

induced costs.

Can the social optimum be decentralized? There are two types of externalities, there-

fore two policy tools are required: the MW to affect the labour market, and a schooling

fee to alter education behaviours. Let Σ ≡ σy be the level of the fee per unit of time

spent in the education system. Assume also that the global amount of collected taxes is

redistributed to newborn individuals. The lump-sum transfer can then be used to finance

the tuition fee. Optimal schooling results from:

max
T

-
e−δTS (T )−

] T

0
e−δzσydz

.
(31)

Proposition 3 The decentralized outcome is efficient provided that β = 1 − αp and

σ = eσ ≡ 2 αp

1−αp (1− αpup) (1− up)
k
1 + up

1−up lnu
p
l
.

The fee is all the higher than the targeted unemployment rate up is low. The reason

is that the share of wage-mobility returns to schooling in total returns to schooling is

decreasing in the unemployment rate. Workers must find a job before even thinking to

climb the job-ladder. This is simply more obvious when the unemployment rate is very

high.

We conclude this section by a discussion about the welfare criterion we have chosen.

The fact that all workers search is indeed highly inefficient. If the social planner could

prevent job-to-job mobility, then the number of job-seekers would be equal to the number

10The rate at which participation is reduced is equal to the private rate at which foregone earnings are

evaluated as long as the population is constant.
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of unemployed. Tightness would then write down as θ = v
Hue−δT ; the welfare criterion

would then be:

Ω� =max
T,θ

e−δT
+

Hm

Hm+ q + δ
y − γ

θH

Hm+ q + δ

,
(32)

We shall refer to the social commands corresponding to this criterion as defining the

first best optimum, while the previous commands will be refered to as the second best

optimum. First-order conditions yield:

γ

ηo
= α

y

q + δ + (1− α)Homo
(33)

(1− α)
q + δ

q + δ + (1− α)Homo
λo = δ

%
1− α

q + δ

q + δ + (1− α)Homo

&
(34)

A close look at equations (33) and (34) immediately shows that for a given schooling

duration, the tightness is higher in the first best than in second best case. The reason

is obvious: eliminating socially useless job-to-job transitions makes job creations socially

more desirable. The comparison between equations (26) and (27) is a little bit less trivial.

However, the term q+δ
q+δ+(1−α)Homo > u for given tightness and schooling duration. There-

fore, for a given tightness, schooling is longer in first best than in second best. Due to

the decreasing relationship between education and tightness, we cannot conclude in all

generality. Nevertheless, on-the-job search severely limits both job creation and education

opportunities.

6 Discussions

In this section, we discuss some extensions regarding the impact of education on the

productivity of the match.

6.1 Education and productivity

Suppose that the productivity of a match is increasing in aggregate schooling, i.e. y ≡
y (T ), thanks to an (unmodelized) externality. Three main implications can be analyzed.

First, firms cannot design contracts to internalize the relationship between education and

productivity. Therefore, this new assumption does not change the individual schooling
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investment equation (15). Consequently, workers only aquire skills in order to improve

their mobility, even though wage perspectives are increasing in match productivity. In the

absence of incentives to acquire mobility — such as a high unemployment rate, or a very

dispersed wage distribution — education investments collapse and productivity is kept min-

imal. From this perspective, search frictions are a key factor underlying macroeconomic

performance.

Second, the (OS) curve is also unchanged (partly because the MW is indexed on

productivity), while the (FE) curve moves upward. Indeed, education not only improves

the efficiency of the search process, but it also raises productivity and thus firms’ profits.

A consequence is that an increase in the job destruction rate, which makes the schooling

period longer, can also increase the wage dispersion through its positive effect on the

upper-bound of the wage distribution.

Finally, as education investments do not depend on the relationship between education

and productivity, under-education becomes a plausible output. More particularly, the

schooling length chosen by the social planner is worth:

λy + (1− α)uλH = δ [1− αu] (35)

where λy ≡ y�/y and λH ≡ H �/H. The fact that workers train too much or too little

depends on the relative effects of education on productivity λy and mobility λH . On

the one hand, if λH is much larger than λy at all schooling durations, then the previous

analysis still holds and workers over-educate as indicated above. On the other hand, if

λH is much lower than λy then the schooling duration chosen by the social planner tends

to the solution of λpy = δ [1− αup] < δ < λ∗H . Therefore T
p > T ∗ and under-education

takes place.

6.2 On-the-job training

In our paper, the wage growth over one’s career is only due to job mobility. The literature

offers a competing explanation according to which there are returns to seniority: workers

receive specific training, which improves the productivity of the match and the wage the

worker gets. As educated workers are easier to train, they receive more training and earn
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better wages. To discuss this view, we incorporate costly on-the-job training in our model

and assume the training cost is decreasing in the worker’s education. The main results

are that (i) leaving aside their lower training cost, higher educated receive more training

because they are better paid on average, and (ii) the amount of training may decrease

with education at low wages.

Let e represent match-specific training, and let the value of a worker productivity be

y ≡ y (e), where y is strictly increasing and strictly concave, with y�e (0) = 0. Firms carry
the full cost of training, but as in Thurow’s analysis (1975), the training cost is decreasing

in education. We assume that C (e, T ) = c (T ) e, with c� (T ) < 0. Optimal training results

from

ee =max
e
kJ (T, e, w)− c (T ) el (36)

Under free entry (V = 0), it comes

y� (ee) = c (T ) {r + q +H (T )m (θ) [1− F (w)]} (37)

As in Mortensen (2000), the amount of training provided is an increasing function of the

wage: high wage workers are less likely to quit. Ceteris paribus, this implies that training

tends to increase with education simply because higher educated workers climb the wage

ladder more rapidly. For a given wage, education has ambiguous effects on the amount of

training; differentiating with respect to T we get that dee/dT has the sign of
ν

%
1 +

r + q

µ [1− F (w)]
&
− λ (38)

where ν ≡ −c� (T ) /c (T ) > 0. The first term is positive: as education reduces the training
cost, education favourizes training. The second term is negative: a more educated worker

is more likely to quit, which discourages training. One of the following situations prevails:

either training is strictly increasing in education, or there exists a wage w ≡ w (T ), such
that training is decreasing in education for wages below w, and increasing above.

7 Concluding comments

In an imperfect labour market, workers may be willing to invest in education to improve

their employment prospects Conversely, macroeconomic conditions are shaped by the
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size of educational investments. We hence consider a search equilibrium model in which

the schooling duration determines the fraction of jobs that a worker can apply for —

what we term job mobility. Returns to education are twofold: there are status-mobility

returns, since education raises a person’s chance of leaving unemployment; but there are

also wage-mobility returns, as education raises the speed ay which one climbs the wage

ladder. Both determinants of unemployment (unemployment incidence and duration) as

well as the wage dispersion provide incentives to schooling; in turn, the labour demand

and the wage dispersion respond to education investments.

In general equilibrium, job destruction increases both the unemployment rate and the

schooling duration by raising status-mobility returns. The relationship between education

and the minimum wage is typically U-shaped: on the one hand, the minimum wage

reduces wage-mobility returns to schooling by lowering the wage dispersion; on the other

hand, it raises status-mobility returns to schooling through its adverse effects on the

labour demand, which translates into longer unemployment spells on average. The former

effect dominates (is dominated) at high (low) levels of the minimum wage. As job-to-

job transitions correspond to a social waste, wage-mobility returns to schooling are not

matched by a social gain, and workers over-educate. A combination of minimum wage

and schooling fee can restore social efficiency.
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APPENDIX

A Proofs

proposition 1 Let L (x) = e−rxS (x). The function L is continuously differentiable and

such that L (x) ≥ 0 for all x ≥ 0, L (0) = 0, L (∞) = 0. The first-order condition
is thus necessary. Manipulating it yields equation (15). Points (i) to (iii) follow

from the continuity of the optimal schooling duration with respect to its different

components.

Lemma Let θ (u, T ) be the solution of u = q+δ
q+δ+H(T )m(θ)

and consider the functions φ1,

φ2 such that

φ1 (u, T ) ≡
γ

η (θ (u, T ))
− κu2

y

q + δ
(39)

φ2 (u, T ) ≡ [1 + κ+ 2κ lnu]uλ− δ [1− κu] (40)

An equilibrium is a pair (u∗, T ∗) which solves φ1 (u
∗, T ∗) = φ2 (u

∗, T ∗) = 0.

Step 1. Let α ≡ α (θ) ≡ θm� (θ) /m (θ). Then,

dθ

dT
=

θ

α

1

q + δ
,
dθ

du
= − θ

α
λ, and

dθ

dq
= − θ

α

1

u (1− u)
Moreover, lim

T→0
θ =∞, lim

T→∞
θ = θ0 ≡ m−1 ((q + δ) (1− u)u−1) and lim

q→∞ θ =∞.

From the Beveridge curve,m (θ) = (u−1 − 1) (q + δ) /H (T ). Noting that−θη� (θ) /η (θ) =
1−α, the above derivatives follow by direct calculation. The limits are then induced
by the properties of the matching technology.

Step 2. Let u0 be such that φ1 (u0,∞) = 0; let also T1 (u) be the solution of

φ1 (u, T1 (u)) = 0. Then T
�
1 (u) < 0 and

lim
u→u0

T1 (u) = +∞, lim
u→1 T1 (u) = 0

Taking the derivative of φ1 with respect to T , we get

∂φ1/∂T = −γ
η�

η2
dθ

dT
> 0 (41)
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from step 1. As φ1 (u, 0) =∞ and φ1 (u,∞) < 0 for all u < u0, there exists a unique
T1 ≡ T1 (u) such that φ1 (u, T1) = 0. Applying the implicit function theorem and

using step 1 yields the claim.

Step 3. Let T2 (u) be the solution of φ2 (u, T2 (u)) = 0. Then, T
�
2 (u) > 0 and

lim
u→0 T2 (u) = 0, limu→1 T2 (u) = λ−1 (δ)

Taking the derivative of φ2 with respect to T , we get

[1 + κ+ 2κ lnu]uλ� < 0 (42)

since H is strictly concave. As φ2 (u, 0) = +∞ and φ2 (u,∞) = −δ [1− κu] < 0,

there exists a unique T2 ≡ T2 (u) such that φ2 (u, T2) = 0. The result follows from
the implicit function theorem.

Step 4. Conclusion. The fact there exists a unique equilibrium follows directly from

step 2 and step 3. Moreover, T �1 (u
∗) < 0 < T �2 (u

∗).

proposition 2 From the Lemma, there exists a unique equilibrium to which the implicit

function theorem applies. Let J denote the Jacobian matrix of function Φ ≡ (φ1,φ2)
evaluated in equilibrium.

J =

 ∂φ1/∂u ∂φ1/∂T

∂φ2/∂u ∂φ2/∂T

 (43)

where partial derivatives are computed by means of step 1 of the Lemma:

∂φ1/∂u ≡ − (1 + α− 2αu) κ
α

u

1− u
y

q + δ
(44)

∂φ1/∂T ≡ −1− α

α
κu2

y

q + δ
λ (45)

∂φ2/∂u ≡
δ

u
+ 2κuλ

%
1

1− u lnu+
u

(1− u)2 lnu+
1

1− u
&

(46)

∂φ2/∂T ≡ δ [1− κu]
λ�

λ
(47)

The implicit function theorem then implies that for any parameter x = κ or x = q, du∗/dx
dT ∗/dx

 = −J−1
 ∂φ1/∂x

∂φ2/∂x

 (48)
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where

∂φ1/∂κ ≡ −u2 y

q + δ
(49)

∂φ1/∂q ≡ −κ

α
u2

y

(q + δ)2
(50)

∂φ2/∂κ ≡
�
1 + 2

u

1− u lnu
�
uλ+ δu (51)

∂φ2/∂q ≡ 0 (52)

and

J−1 =
1

detJ

 ∂φ2/∂T −∂φ1/∂T
−∂φ2/∂u ∂φ1/∂u

 (53)

with detJ > 0 since T �1 (u
∗) < 0 < T �2 (u

∗).

The facts that du∗/dq > 0, and dT ∗/dq > 0 are then obvious. Moreover, u tends to

1 as q tends to infinity for all T > 0 (i.e. even if T is actually +∞). From (40), T ∗

then tends to λ−1 (δ). This shows point (i) of the proposition.

The fact that du∗/dκ < 0 also comes immediately. Moreover

sign

+
dT ∗

dκ

,
= sign

+
∂φ2
∂u

∂φ1
∂κ
− ∂φ1

∂u

∂φ2
∂κ

,
(54)

Using equations (44) to (47), equations (49) and (51), multiplying the relevant

expression by α1−u
u

q+δ
y
and grouping terms yields that dT ∗/dκ has the sign of

∆ (κ) ≡ κ−α+(κ+ α− 2ακ)u+2ακ (κ− 1)u2+2κ u

1− u lnu {1− α− αu+ ακu}
(55)

Point (ii) of the proposition follows from the fact that β = 1 − κ and ∆ (κ) =

−α.O (1− u) < 0 for κ sufficiently small, while∆ (1) = (1− α)
k
1 + u+ 2 u

1−u lnu
l
>

0 for all u ∈ [0, 1) (= 0 for u = 1). The limit properties are obvious, since β tends
to 1 implies that u tends to 0 whatever T > 0.

proposition 3 Optimal schooling solves S� (Ti)− σy = rS (Ti). Using (12), it comes:

w0µi
(q+δ+µi)

2

q
λi − δ − δ

q+δ
µi
r
− δ

q+δ
σ+U wmax

w0
(1−F (w))µi

[q+δ+(1−F (w))µi]2
q
λi − δ − δ

q+δ
(1− F (w))µi

r
dw = 0

(56)
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In symmetric equilibrium, Ti = T for all individuals and the wage offer distri-

bution is given by (21). Using the fact that the unemployment rate is worth

u = (q + δ) / (q + δ +Hm), we get (after some tedious algebra):�
1 + κ+ 2κ

u

1− u lnu
�
uλ = δ

�
1− κu+

σ

1− u
�

(57)

The decentralized equilibrium is then composed of equations (25) and (57), while

the social optimum is still defined by equations (26) and (27). Both systems coincide

whenever β = 1− αp and�
1 + 1− α+ 2 (1− α)

up

1− up lnu
p
�
upλp − δ

σ

1− up = (1− αp)upλp (58)

By mean of equation (57), we see that (58) is equivalent to σ = eσ.
side calculations (Not to be published). This note is devoted to the derivation of the

(OS) curve. We consider the most general case with a schooling fee Σ ≡ σy. Indi-

vidual schooling solves equation (56), which we reproduce now for convenience:

w0µi
(q + δ + µi)

2

+
λi − δ − δ

q + δ
µi

,
� ~} �

A1

+ − δ

q + δ
σ� ~} �

A2

+
] wmax

w0

(1− F (w))µi
[q + δ + (1− F (w))µi]2

+
λi − δ − δ

q + δ
(1− F (w))µi

,
dw� ~} �

A3

= 0
(59)

In symmetric equilibrium, Ti = T and the wage offer distribution is the following:

1− F (w) = − (q + δ) + (q + δ +Hm)
�
y−w
y−w0

�1/2
Hm

(60)

We now compute the term A3.

A3 =
U wmax
w0

−(q+δ)+(q+δ+Hm)
�

y−w
y−w0

�2
(q+δ+Hm)2

�
y−w
y−w0

� �
λ− δ

q+δ
(q + δ +Hm)

�
y−w
y−w0

�1/2�
= − q+δ

(q+δ+Hm)2
λ
U wmax
w0

�
y−w
y−w0

�−1
dw − δ

q+δ
(wmax − w0)

+ δ
q+δ+Hm

U wmax
w0

�
y−w
y−w0

�−1/2
dw + λ

q+δ+Hm

U wmax
w0

�
y−w
y−w0

�−1/2
dw

(61)

But, ] wmax

w0
(y − w)−1/2 dw = −2 (y − wmax)1/2 + 2 (y − w0)1/2 (62)] wmax

w0
(y − w)−1 dw = ln

%
y − w0
y − wmax

&
(63)
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Then,

A3 = − q+δ

(q+δ+Hm)2
λ (y − w0) ln y−w0

y−wmax + 2
δ

q+δ+Hm
(y − w0)

−2 δ
q+δ+Hm

(y − w0)1/2 (y − wmax)1/2 + 2 λ
q+δ+Hm

(y − w0)
−2 λ

q+δ+Hm
(y − w0)1/2 (y − wmax)1/2 + δ

q+δ
(y − wmax)− δ

q+δ
(y − w0)

(64)

Multiplying A3 by q+δ+Hm
y−w0 and grouping term yields:

q+δ+Hm
y−w0 A3 = −2

��
y−wmax
y−w0

�1/2 − 1� (λ+ δ) + q+δ
q+δ+Hm

λ ln y−wmax
y−w0 + δ q+δ+Hm

q+δ

k
y−wmax
y−w0 − 1

l
(65)

From the free entry equation (23) and the definition of the upper-bound of the wage

distribution, we get #
y − wmax
y − w0

$1/2
=

q + δ

q + δ +Hm
(66)

Equation (65) together with (66) yields:

q+δ+Hm
y−w0 A3 = 2λ

Hm
q+δ+Hm

+ 2 q+δ
q+δ+Hm

λ ln q+δ
q+δ+Hm

− δ
q+δ

H2m2

q+δ+Hm
(67)

The (OS) curve results from:

q + δ +Hm

y − w0 (A1 +A2 +A3) = 0 (68)

Equations (59), (67) and (68) imply that

w0
y−w0

Hm
q+δ+Hm

q
λ− δ − δ

q+δ
Hm

r
− δ

q+δ
σy q+δ+Hm

y−w0
+2λ Hm

q+δ+Hm
+ 2 (q + δ) λ

q+δ+Hm
ln q+δ

q+δ+Hm
− δ

q+δ
H2m2

q+δ+Hm
= 0

(69)

Noting that u = q+δ
q+δ+Hm

, dividing each term by (1− u), and using the minimum
wage policy w0 = βy, we get the (OS) curve:�

1 + κ+ 2κ
u

1− u lnu
�
uλ = δ

�
1− κu− σ

1− u
�

(70)

Equation (25) is obviously a special case of (70) with σ = 0.
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