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We consider a random matching model where heterogeneous agents endogenously
choose to invest time and real resources in education. Generically in the space of the
economies, there is an open interval of possible lengths of schooling such that, at at least
one of the associated steady states equilibria, some agents, but not all of them, choose to
invest. Regular steady state equilibria are constrained Pareto inefficient in a strong sense.
The Hosios (1990) condition is neither necessary, nor sufficient, for constrained Pareto
optimality. We also provide restrictions on the fundamentals, which are sufficient to guar-
antee that equilibria are characterized by overeducation (undereducation), and present
some results on their comparative static properties.

1. INTRODUCTION

Extending the canonical Pissarides-Mortensen model (see, for instance, Pis-
sarides (2000)), we provide a fairly general analysis of investments in human cap-
ital in a random matching model, considering two different markets, for qualified
and non-qualified labor. The basic structure of the economy is simple. When they

IWe wish to thank for their comments participants at the 16** Ecole de Printemps, Aix-En-
Provence 2007, and at seminars held at the Universities of Bologna, Essex, and Statale of Milan.
Comments by B. Decreuse have been very helpful. B. Van der Linden kindly provided very detailed
comments on a previous version of the paper, allowing us to correct many errors and obscurities.
The responsibility of any remaining mistake is our own. We acknowledge the financial support of
MIUR - PRIN 2006.



are born, agents can choose to invest a fixed amount of time and real resources
in education to get the opportunity to enter, after graduation, the qualified labor
market. Individuals choose optimally to invest, given the wage rates, the direct
costs of education, and the rates of unemployment in the two markets. They are
heterogeneous with respect to their potential productivities as qualified, and non-
qualified, workers. Essentially, we embed a model of investments in human capital
@ la Roy (1951) (see also Willis and Rosen (1979), and Willis (1986)) in a random
matching model.

In the last few decades, in particular after Becker (1964), there has been an
extremely large literature on investments in human capital, looking at both the
microeconomic features and their macroeconomic impact. More recently, invest-
ments in human capital have also been studied in the framework of economies with
imperfect labor markets, and, particularly, in random matching models. Among
many others, by Laing, Palivos and Wang (1995), Acemoglu (1996), Burdett and
Smith (1996, 2002), Booth et alii (2005, 2006 and 2007), Charlot and Decreuse
(2005, 2007), Charlot, Decreuse and Granier (2005), Becker (2006), and Tawara
(2007). Most of these papers consider economies where there is a unique labor
market: investments in human capital increase the number of efficiency units of la-
bor associated with a (physical) unit of time. This set-up is adopted, for instance,
in Acemoglu (1996). In his (static) model, with random matching and investments
in both human and physical capital, contractual incompleteness generates a (bi-
lateral) "hold up" problem. Underinvestment in education arises because workers
anticipate that part of the productivity gains created by their irreversible invest-
ments will be captured by their future employers. The "hold up" problem plays
a key role also in the model considered in Booth and Coles (2007). In a dynamic
random matching model, Burdett and Smith (2002) show that there can be "low
skill trap" equilibria: If few workers acquire training, firms have less incentives to
create jobs. Then, poor matching prospects for the workers reduce the rate of re-
turn on skill acquisition. Tawara (2007) extends this basic approach by introducing
time-to-educate. Laing, Palivos, and Wang (1995) explicitly develop a model of
endogenous growth with matching frictions and investments in human capital.

Closer to our set-up are the other papers mentioned above, where there are
separate labor markets for educated and uneducated workers. Becker (2006) studies
the individual decision problem in an economy where education takes time and there
is search while in school. Charlot and Decreuse (2005) (see also (2006)) consider an
equilibrium random matching model with heterogeneous workers. They show that,
when productivities and educational attainments are positively correlated, there
may be a "composition effect" that induces overeducation, because the conditional
expectation of the productivities of both educated and uneducated workers may
decrease as more people go to school. In their model there are no opportunity costs
of education, and there are very strong assumptions on the on-the-job productivities
of educated and uneducated workers (they are both linear functions of "innate
ability").

Our model is obviously related to these previous contributions (and mostly
to the last one). In particular, as in Charlot and Decreuse (2005), we consider
an economy where the investment in education is a binary choice. This is best
interpreted (at least, in developed countries) as a choice about going to college. It
is important to stress that the two approaches to the analysis of investments in
human capital (efficiency units versus heterogeneity and binary choice) emphasize
different phenomena, and may have quite different welfare implications, because



the "efficiency units" approach, by assumption, ignores the, potentially important,
composition effect, due to the self-selection of workers with different comparative
advantages. Moreover, they have significantly different empirical implications, see,
for instance, Carneiro, Heckman, and Vytlacil (2001), and Cunha and Heckman
(2006)).

The class of economies that we consider presents several new features, when
compared to the literature. First, workers are heterogeneous along several different
dimensions: productivity on the job (and unemployment benefits, or home produc-
tion, if out of work) as qualified and unqualified, and probability of graduation, if
there is an investment in education. We choose not to impose any restriction on the
correlations across these variables. We label individuals so that productivity if ed-
ucated is strictly increasing in the "ordering" parameter 6. However, no restriction
(but continuous differentiability) is imposed on the other relevant functions, and,
therefore, on the expected gains in productivity due to education. Hence, we are
completely agnostic regarding the existence of some intrinsic characteristics (say,
"innate ability") of the individuals, which could meaningfully induce systematic
correlations between their performances in different activities. In particular, we
allow different agents to have comparative advantages in different jobs, which is
consistent, for instance, with the results in Cunha, Heckman, and Navarro (2005).
We just introduce the (very mild) assumption that, for every agent, the productivity
on the job is larger when educated.

Secondly, schooling has both direct and opportunity costs. Time to educate is an
important phenomenon, because, empirically, opportunity costs are, by large, the
most important component of the total costs of education. For instance, in Western
Europe, they are usually over 90% of the total costs and, in several countries, direct
costs are actually negative, according to estimates reported in de la Fuente (2004).
Therefore, it is empirically, and theoretically, worthwhile to consider them explicitly,
as standard in the literature on investments in human capital (see, Becker (1964),
Ben-Porath (1967), and most of the subsequent studies). In our model, opportunity
costs are endogenous, determined by unemployment rates and wages.

Third, we consider two separate labor markets with different productivities and
(potentially) different vacancy costs and matching functions, so that unemployment
rates may vary across levels of education, which is consistent with a large empirical
evidence. Variations in the unemployment rates are determined by differences in
the "labor market institutions" variables and, loosely speaking, in the conditional
expectation of the productivities in the two markets.

Finally, we assume that, when agents invest in education, they fail to graduate
with some positive probability. This is consistent with the data: For instance,
in Western Europe, the college drop-out rate varies between 15% in Ireland and
58% in Italy (See OECD (2004)). However, one may wonder why do we introduce
individual risk in a model with risk-neutral agents. Apart from descriptive realism,
this assumption plays an important role in the proof of the existence of steady
state equilibria (SSE in the sequel), substantially simplifying the proofs. It is an
open issue if existence of interior SSE could be established (under our assumptions)
without this feature.

On the other hand, several, potentially important, features are not considered
in the paper: First, we assume that when an agent is involved in one activity
(work, or education) he cannot search for a job. We conjecture that to allow
for search-on-the-job (or -in school) would not alter the main qualitative results.
Moreover, we assume that labor supply and investments in physical capital are



perfectly inelastic. An analysis of a (static) model & la Roy with labor market
imperfections, elastic labor supply, and elastic investments in physical capital, is in
a companion paper (Mendolicchio, Paolini, and Pietra (2008)). The main results
are qualitatively similar. Finally, in our model, (at least after schooling) all the
agents are in the labor force, either employed or searching for a job. As pointed out
in Booth et alii (2005, 2006, 2007), non-participation in the labor force of a subset
of agents can have important implications.

Throughout the paper, the analysis is focussed on steady states. To simplify
notation and definition, we also heavily exploit the steady state condition in the
definition of several features of the economy, and of the behavioral functions.

We establish five main results:

1. comparative statics properties of the aggregate demand for education;

2. generic existence of regular interior SSE for some interval of lengths of school-
ing;

3. generic weak constrained suboptimality of regular interior SSE.
Moreover, imposing stronger assumptions, we are able to provide:

1. a set of sufficient conditions for overeducation and undereducation;

2. some results on the comparative statics of interior SSE.

Section 2 describes the structure of the model. In our set up, the choice of
education is binary, at the individual level. The measure of the set of agents
investing provides us with an intuitively appealing aggregate demand for education
and, in Section 3, we analyze its comparative statics properties. In Section 4,
we show that, under appropriate assumptions, and generically in the space of the
economies, there are interior SSE, provided that the length of schooling lies in some
interval (Tg,T5 ) This is the "right" result. Under very general assumptions, for
T sufficiently small, everyone would invest in education, because the productivity
gain is bounded away from zero, while the (discounted value of the) direct and
opportunity costs converge to zero. Also, for T sufficiently large, no individual
would invest. For a general set of parameters, it is not possible to impose any lower
bound on the "size" of the interval (Tg, T¢ ) On the other hand, it is obvious that
this interval could be, in some sense, "large". (A caveat. In our set up, the notion of
"large" set is very problematic: interior SSE can exist only for 7" in some compact
set, and every compact interval is small, compared with its complement in (0, c0)).

In Section 5, we propose a notion of constrained Pareto efficiency, based on the
idea that it should not be possible to improve upon the market allocation by simply
modifying the set of people getting educated (and letting the endogenous variables
adjust to their equilibrium values associated with this new set). At an interior SSE,
we can have both overinvestment in education, as in Charlot and Decreuse (2005),
or underinvestment, as in Acemoglu (1996). Interestingly, as in Acemoglu (1996),
constrained Pareto inefficiency fails at a SSE even if the Hosios (1990) condition?
holds.

2The condition is that the elasticity of the matching function is equal to the workers’ weight in

the bargaining process determining the wage. In the basic, one-sector, random matching model,
this is a necessary and sufficient condition for constrained efficiency of SSE.




In Section 6, we move on to a somewhat simplified version of the economy and
focus on the two cases of complementarity and substitutability between ability and
education, providing sufficient conditions for overeducation and undereducation.
For the same two cases, we also provide some results on the comparative statics of
equilibria.

Throughout the paper, we interpret the existence of two separate labor markets
as due to differences in the levels of education. The model could be reinterpreted,
and applied to any situation where there are separate labor markets, and work-
ers can endogenously choose to move (at a cost) across them. For instance, an
additional interpretation could be related to migration phenomena.

2. THE MODEL

We start discussing the demographic structure of the economy. An agent is
denoted by 6;, where 0 € ©° = [0,,0,] describes his innate characteristics, while
i € [0,1] denotes his "name". As usual, u(A) is the Lebesgue measure of any
set A C RM, for some M. We endow O° and [0, 1] with the Lebesgue measure,
normalized so that p (0°) = . ([0,1]) =1, and © = 6° x [0, 1] with the product
measure.

At each instant ¢, for each 6, a subset of measure v of agents dies and is replaced
by an interval of type 6 agents with the same measure (and the same "names").
We need that, for each 6; and ¢, the event "death of agent 7” at ¢ (conditional on
his being alive at each 7 < t) has probability v, and that, (at least) almost surely,
the event realizes for a set of agents with measure ~. It is well-known (see, Judd
(1985), and Feldman and Gilles (1985)) that the standard version of the "law of
large numbers" cannot hold in our set-up. In the last few years (also in connection
with random matching models), there has been a large literature studying this
issue?. In our model, the simplest solution is not to assume that the realizations
of the random variables "death of ;" are independent over i. On the contrary,
following a suggestion in Feldman and Gilles (1985) (and in Alos-Ferrer (1999)),
we assume that, at each ¢, there is a realization of a random variable w, uniformly
distributed on (0, 1], determining the state of the world for each agent 6;. Define
the random variable

"non death" otherwise

r, (UNJ,t) _ { "death" if 7 € (max {O,UNJ — ’y} ,oNJ] U [l — min {O,UNJ - ’Y} 1]

Evidently, at each t, a set of agents of measure « actually dies, and, from the
individual viewpoint, the probability of dying at ¢ (if alive at each 7 < t) is v, as
required.

At each t, if agent 0; dies, he is replaced by his own clone, so that the distribution
of the agents is stationary. This assumption is common in the literature. At each
t, there are three sets of individuals: qualified workers, denoted by L, unqualified
workers, L¢, and students. The labor force is L; = L§ + L}¢

At birth, each individual is uneducated, denoted by a superscript k = ne. By
spending a period of fixed length T in education, and paying instantaneous direct
costs described by a function ¢ (@), he becomes educated (or "qualified"), denoted
by a superscript & = e, with probability «(6). To simplify, for each 6, the individual

3 Among many others, Al-Najjar (2004), Alos-Ferrer (1999), Duffie and Sun (2007), and Sun
(2007).
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random variable success/failure in education realizes at the end of schooling. This
is a strong assumption (and generally inaccurate from the descriptive viewpoint).
As long as the probability of failure is exogenous, our results are robust to more
realistic descriptions of the phenomenon. For instance, we could introduce an ex-
ogenous stochastic process for the failure rate over the education period. We need
that, for each 6, just a fraction () of the agents actually graduates and that, for
each individual 6;, the probability of graduation is «(6). To obtain this result, we
adopt the same construction introduced above, using a §—specific random variable
329, uniformly distributed on (0,1]. As above, we can then construct a f—specific

random variable gy (J;), selecting the subset (of measure «(6)) of agents of type

0 who actually graduate. In the sequel, for notational convenience, we will as-
sume that, afterwards, we rename the agents, so that, for each 6, the students who
actually graduate have i € [0,e T (6)] .

Productivities on the job and in home production (and/or unemployment bene-
fits) depend upon innate characteristics and the level of education. If educated and
working as such, a worker has output f¢ () (or, if unemployed, home production
b° (0)). Otherwise, he produces f™¢ () (or b (0)). We assume that, after gradu-
ation, workers cannot simultaneously search for a job in both markets. Hence, to
simplify notation (and, given that education is costly, without any loss of general-
ity, at a SSE), educated individuals only look for a job on market e. The functions
(f,b) are time-invariant. This implies that human capital does not depreciate, and
that there is no learning-by-doing. Again, more realistic assumptions would not
affect the results, as long as these phenomena are described by exogenous (maybe
stochastic) processes.

More formally, instantaneous output is given by a function f : [y, 03] x{e, ne} —
R, . Home production by a function b : [0y, 03] x {e,ne} — R. We assume that all
the relevant functions are at least C® on some open neighborhood (6, — ¢, 0, + ¢),
that individuals are more productive when educated (i.e., f¢(0) > f™¢(6), and
be(0) > b"¢(0), for each ), and that productivity on-the-job is larger than home
production. These are fairly natural assumptions. Moreover, we relabel individuals
so that f¢(0) is strictly increasing. We do not impose any additional monotonicity
restriction on the other functions. To summarize,

Assumption 1:
e For each k, f* (0),b (0),a(0),c(0) € C® on (0, — £,0, + ), for some € > 0;
e f©(6) is strictly monotonically increasing in € on the set (8, —¢,0;, +¢);

e for each k, 3 > (f*(0) —b*(6)) > 4, for some § > 0, 1 > a(f) > 0 and
¢ (0) > 0, for each 6;

o for each 0, f¢(0) > f"¢(0) and b°(0) > b™°(0).
Let F be the space of functions (f,b, ¢, «) satisfying Assumption 1.

Agents are endowed with a Von Neumann - Morgenstern utility function and are
risk-neutral . Given the assumption of risk-neutrality, there is no essential loss of

4With individual risk (induced by the possibility of failing to graduate and of death), this is a
stronger assumption than usual. Without individual risk, to impose as objective the maximization
of discounted expected income (instead of expected utility of income) can be justified making ap-
peal to market completeness. Here, we would need market completeness with respect to individual



generality in assuming that each agent knows his own 6 (i.e., his productivities on-
the-job and in home production, his direct costs of education and his probability
of graduation). A firm, after the match, observes the value 6 of the agent it is
matched with (i.e., it observes f* (0) and b* (), the only relevant variables from
its viewpoint).

A final remark on notation: We will often take integrals of some function of 8, say
1€ (8), over some subset of L, say L¢. To avoid confusion, we will use the notation

Sy [ (9) dY and use, for instance, 0 (fLe fe () dm?) /00, to denote the derivative

with respect to the bound 6, of (one of the) intervals of integration (assuming that
this is meaningful). Also to simplify the notation, the same function, say, G(.), will
be sometime written G(6, ¢, T; &), sometime, for instance, G(6, ¢;&). This simply
means that the ignored variable, here T', is taken as given. Moreover, we are only
interested in steady states, and we will omit the index ¢, whenever it is possible.

2.1. Workers

Existence of a continuum of agents with identical  is only introduced to guar-
antee that a measure e 777 (0) < ™77 of #—individuals will actually graduate. In
the sequel, whenever possible, we will omit the subscript "i". Moreover, we will
leave implicit, most of the time, the "almost surely" qualification of many of our
statements.

After birth (or after attending school) agents enter the labor market, searching
for a job. An agent, if active on labor market k, receives job offers according
to a Poisson process whose arrival rate 7% is endogenously given by a (possibly,
k—dependent) matching function.

Let’s define

e U*(0) = expected life-time utility of search of a §—agent with education k;

e VF(0) = expected life-time utility of a match of a §—agent with education k.

Also, let 7’ be the (type- and education-invariant) interest rate, and w*(f) be
the wage rate of a §—agent, if k. For notational convenience, let (v + 1) =r.

k
When a match obtains, V*(6) = me. It is straightforward to check that, when
_ 7Rwk(0)+rb* ()
= (R
Assume that capital markets are perfect and, without any essential loss of gen-
erality, let ¢ () be time-invariant. The discounted, expected utility of education of
agent 0, H (0), is then

@)U ®) + (1 - aopur ) - L)

r r

unemployed, the discounted, expected utility is U”(8)

HO,m,T)=

c(0),

i.e., if 6; chooses to invest in education, he bears the direct costs up to period T.
Then, if he graduates (which happens with probability «(6)), he enters the labor
market for educated workers. Otherwise (with probability (1 — a(6)), he enters the
other market.

risk, a much less compelling assumption, even less so if we would take into account the possibility
of moral hazard problems. On the other hand, abstracting from moral hazard issues, the main
results of the paper could be established for risk-averse individuals, provided that the degree of
risk aversion is sufficiently small.



Evidently, an agent invests in education only if H(6) > U™¢(0). Solving H(0) —
U™¢(0) = 0, and using continuity of the maps, we can partition © into two (mea-
surable) subsets of individuals, the set of agents choosing to invest in education,
©¢, and its complement, ©™¢. For the sake of concreteness, let’s assume that all
the indifferent agents choose to invest. Hence, by our tie-breaking rule, rearranging
variables, and multiplying by e, an agent of type 6 chooses to get educated if
and only if

G (0,7,T) = a(0) (U°(8) ~ U™ (0)) + (1~ &'T) (c(0) + U™(8) 2 0. (1)

The function G (6, 7,T) /re™ gives us the discounted, expected value of the invest-
ment in education: the discounted expected value of the gain from education, minus
its direct and opportunity costs.

Consider the cohort born at time ¢, and define the following sets:

e ©¢ ={0; € O|G(6;,.) > 0},

e 00 ={0e0%G(,.) >0},

e OF¢ = {0, € ©O|G(H;,.) <0},

e 0P = {0, € ©Y|G(H,.) < 0},

and, at time (¢t + 7T,

e 05* ={0;, €0|G(0;,.) >0and i < e Ta(f)}.

Modulo a relabelling of the agents, the last set gives one (equivalent) represen-
tation of the set of individuals who actually graduate.

Given a sequence {@?e}zo , with ©9¢ = @9 each ¢, the stationary sets (L¢, L")
have measures

(L) =p(0°)  and p (L") =p(0") +e "Tu(0°) — u(0°),

or
e _ ef'yT o
p(Le) = /Q L o()dy (2)
ney = e T -« .
p(L) = /Q &9 + /Q (1— a(9)dd

The stationary measure of people in school is i (S) = (1 —e ") u(©°). Ev-
idently, p(S) + p(L™) + p (L) = 1. Finally, bear in mind that continuity of
G (0,7, T) implies that, given any (7, T) the set ©¢ is the union of a finite collec-
tion of closed intervals and (possibly) isolated points.

2.2. Firms

Each firm is endowed with a technology allowing it to use one unit of labor
to produce a quantity of homogeneous output. We abstract from investments in
physical capital. While workers can move from the skilled labor market to the
unskilled one, firms cannot. Firms (potentially) active in each one of the two
markets are identical and there is an unlimited number of potential entrants in each



one of them. Given that, at the equilibrium, expected profits are nil, to restrict
firms to be active only in one market does not entail any loss of generality. We
can think of the two sectors as defined by different technologies used to produce
the same physical commodity, or (more plausibly) as sectors producing different
physical commodities. If this is the case, in this partial equilibrium setting, we take
as given their two prices, and, by choosing appropriately the units of measurement,
we set both equal to 1, so that we can conveniently drop them from the notation.

The set up of the demand side of each one of the two labor markets is standard.
Under perfect capital markets, firms have the same discount factor r’. To open a
vacancy in labor market k entails a fix, instantaneous cost, v*, k = ne, e, satisfying
v = (v"¢,0v°) >> 0. Usually, they are interpreted as advertising and recruitment
costs. Also, remember that (1 —+) is the rate of survival of a match at ¢, that
can be terminated because the worker drops out of the labor force. As in the
previous section, we replace (7 + r’) with 7. Finally, for each firm active on market
k, matches are governed by a Poisson process with arrival rate ¢* (endogenously
determined by the matching function).

Let V* be the expected value of a vacancy in market k. Let J* () be the
expected value of a match with a worker 8, and J* be its expected value, conditional
on L*. Then, in the time interval A, the expected gain from opening a vacancy is
VF = —0FA + [qkAJk + (1 — qkA) Vk] .

Assuming perfect competition, vacancies are created up to the point where
VF =0, and, therefore, at a SSE,

vk

Jk=—, 3
7 (3)
i.e., the discounted conditional expectation of the value of the flow of expected
gains from a match is equal to the cumulated costs of maintaining a vacancy.
The flow of profits induced by a vacancy filled by a 6 worker is (f*(8) — w" (9)) ,
until he drops out of the match. Hence, the expected value (conditional on L*) of

a filled vacancy is
o (FF(9) =k (9)) a9
B ru (LF)

Substituting into (3), we obtain the zero expected profit condition

Jur (FF0) —wh (@) d0 vk (5)
r (L*) gk

J

(4)

2.3. Bargaining

After each match, the shares of output of the worker and the firm are deter-
mined by a bargaining process, taking place after the type of the worker is revealed
(equivalently, the wage is output - i.e., worker’s type - contingent). The firm and
the worker bargain over their shares of total output adopting the Nash bargaining
solution criterion, with exogenous weights respectively (1 — 3) and . The outside
options are, respectively, U¥(6), for a worker of type 6 and qualification k, and
V' =0 for each firm, by the assumption of perfect competition. The output shares
are obtained solving

1— wk (0) — rU* B 7k (9) — wh 1-#

r r




At a SSE, V¥ (0) = 0. Hence, each firm always hires the first worker it meets.
Solving, we obtain the wage of a §—worker,

(r+ ") £ (0)
R

rb* (0)

TP

w® (O,Wk) =4 (6)

2.4. Matching and unemployment

At instant ¢, on market k, the measure of unemployed agents is ufpu (L}),
ofp (LY) is the measure of vacant jobs ("openings"), expressed in terms of the
measure of the labor force of type k. At each t, a measure

k k(, k kY Kk k
my =m"(up (Lg) , 0 i (Lg))-
of matches take place. As usual, we adopt the following
Assumption 2: m*(ufp (LY, ofp (LY)) € C3, satisfies Vim* >> 0, is con-
cave, homogeneous of degree 1 in (ufpu (Lf),0fpu (L¥)) (constant returns to scale)
and satisfies the Inada’s condition.

k
Using gfofp (LF) = m*(ufp (LF) , of i (LY)), defining as Pr = 2 the "market
t
tightness" variables, and exploiting homogeneity of degree 1, we obtain

k k Uf _ Kk k
qy = m (£,1> =q (¢t)a
t

and

k of

k ky _ k
mh =m(1, %) = ofg (o) = 7 (of)
t
where 7 (qf) is the arrival rate, at t, of the Poisson process governing matches
for workers (firms) in sector k. Hence, the measure of the flow of workers into

employment in a time interval A is 7% (¢F )ul (LF) A. As usual, for cach k, %i,i <0

k k k
and %: > 0. Also, let Mgr(g+) = qk(&k) % € (—=1,0) and 7,4 (") = Wkd()(pk)%: =
L4104, (¢*)"
In the time-interval of length A, the set of unemployed is affected by the flows
of individuals dropping out of the labor force, (’yufu (Lf) A) , or getting a job,

(77’c (oM ukp (LF) A) . The measure of the flow of individuals into unemployment
is due to the new workers replacing the fraction of workers leaving the market.
For the educated workers, at each ¢, it is given by the inflow of people who, at
(t —T), had chosen to get into education, and have both survived and succeeded,
ie., vu (@ffT) . Therefore,

8UEM (Le) e e € e € ex

# = _’Yutﬂ(Lt> -7 (¢§) Ut#(Lt) +u ( t—T)
Using (2) above, and setting % = 0, we obtain that the steady state rate of
unemployment for the educated agents is

u = T .
v+ 7 (¢°)
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Similarly, the measure of unemployed, uneducated people is affected by the inflow
of people born at (¢ — T') who chose to get into education, and have both survived
and failed, and by the set of people born at ¢ who choose not to get educated.
Hence,

a e Lne ne ne ne
QD) e (1) 7 (65w (L)
3 (1 (OF) + (7 (OF_) — 1 (0727)

Hence, using again (2) above, at a steady state,

nex _ v
TR "

Bear in mind that uf denotes the rate of unemployment in labor market k, at time
t, while u,’f L (Lf) is the measure of unemployed workers.

2.5. The space of the economies

Most of our results hold for an open, dense® subset of economies. Hence, we need
to define precisely the space of the economies, and to endow it with a topological
structure. The parameters defining the economy are: vacancy costs, v € Ri 4 & pair
of matching functions satisfying Assumption 2 above, m*, and a vector (f, b, ¢, @) of
production, benefits, direct costs, and probability of success in education functions,
satisfying Assumption 1 above. An economy is

g: (v7m7f7b7c’a) EE'

We endow R, with the Euclidean topology, all the functional spaces with the C3
compact-open topology, Ri 1, and = with the product topology. It is well known
that Z is a metric space. The distance, for instance, between m and m’ depends
upon the distance (on compacta) between the values of the functions, m® (and
m™¢) and m® (and m™), and of their first, second, and third order derivatives.
The notions of convergence and openness of sets are defined accordingly.

3. COMPARATIVE STATICS OF THE AGGREGATE DEMAND FUNCTION
FOR EDUCATION

By replacing (6) into (1), we obtain

o) [FGVBIO) e (6) (67 B (0) + b (6)
G() - (6) |: r +ﬁ7‘re (¢e) r +ﬂ7‘r"e (ane) :l
GO @)

r + /87_‘_”@ (¢ne>

+(1—¢e") (c 0) + (8)

Evaluated at a stationary sequence {qﬁt}fi - ¢ = ¢, for each t, the measure
of the set agents investing in education, p (0% (¢;¢€)), is implicitly defined by the
condition G (6, ¢;&) > 0. It can be interpreted as the aggregate demand function
for education. It is easy to see that p (906 (gb;f)) may fail to be differentiable,

5B C A is a dense subset of A, if, for each z € A, and each open ball centered on z, Ve (z),
BNV (z)#0.
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and even to be continuous. Discontinuities are due to the possibility that there is
some 6 € G~1(0) which is a degenerate local extremum (as usual, G~1(0) denotes
the set of values of @ such that G (0,$;&) = 0, for a given pair (¢;&)). Lack of
differentiability is due to the possibility that there is some 6 € G~1(0) which is a
(non-degenerate) local extremum, or an inflexion point. Next, we show that, for a
generic subset of parameters, p (®Oe (¢; 5)) is a continuous function, and we estab-
lish some comparative statics properties of the aggregate excess demand functions
for economies in this generic set. For technical reasons, Lemma 1 holds at each
¢ contained in some compact subset of Ri . This restriction is fairly innocuous,
because, as we will establish later on, given any economy &, and length of schooling
T, the SSE values of ¢ are in fact contained in some compact subset of Ri 4

LEMMA 1. Given any sequence {¢,},= ., with ¢, = ¢, for each t, and ¢ € F¢,
a compact subset of R2++7 there is an open, dense subset of economies Z' C =2 such
that, for each & € Z', pu (0% (¢;€)) is a continuous function at each ¢ € Fe.

Proof. See Appendix 2. 1

Consider the one-dimensional parameterization of the various functions, defined,
for instance, by « (6,a) = (14 a) (), and let

Vai (0:6) = [1(0% (630(0,0),6)) = (6% (60(6,0),¢"))]

be the change in the measure of the set ©% (¢;¢) due to a change of a (), co-
eteris paribus. The (intuitively appealing) comparative statics properties of the
(stationary) demand of education function are reported in Proposition 1.

PROPOSITION 1. Given any sequence {¢,},-, with ¢, = ¢, for each t, and
¢ € Fe, a compact subset of R?H, there is an open, dense subset of economies Z' C
E such that, for each economy & € Z/, the continuous function pu (0% (¢;€)) satis-
fies the following sign restrictions:

Vgep Verep Vap Ve Vipnep Vpep Vipnepr Vept
>0 <0 >0 >0 <0 >0 <0 <0 |’

Moreover, assume that the change in b* (0,ap) is k-invariant, then, Vyu < 0 if
m(¢%) > (™).
Proof. See Appendix 2.

Remark 1. Proposition 1 is, actually, independent of Lemma 1. The restriction
to the generic set =/ C = is only required for the continuity property. The sign
restrictions hold even for non-continuous functions y (0% (¢;€)). On the other
hand, stationarity of the sequence {¢,},-, is obviously crucial for our argument of
proof to hold. A similar result should hold for any sequence in some compact set.
However, the details of the proof would be different.

4. EQUILIBRIUM

As usual, we define SSE in terms of the pair of "market tightness" variables ¢ =
(¢°,6™).

Bear in mind that, given that « (0) € (0,1), for each 6, the set L™ (¢) is always
non-empty. On the contrary, it may very well be that L¢ (¢) = 0. For such a ¢, in

12



the definition of equilibrium, we impose a weak restriction on the set of allowable
(ex-ante) expected profits. This restriction leaves a lot of freedom in constructing
equilibria with L€ (¢) = (), probably too much freedom. However, in the sequel, we
will not consider this sort of trivial equilibria.

DEFINITION 1. A SSE is a pair (¢°, ¢"°), and associated (w® (0),w" (0)) and
(L€ (¢), L™ (¢)), such that, for each k:

. i} FF(9)—w*(9))d9 oF . _—

i Lk(¢)<’f‘}t(Lk(¢)) ) < F @ with equality if o* # 0,
. N (e G () _ rb* (9)

.  wh(0)=p (o) T (1-5) T ()

144 Le={0,€0|G(0)>0and i < e Ta(f)},and L™ = {f € O|G(9) < 0}U
{6, € ©|G(9) >0 and i € [e T (0),e 7] }.
If L¢ (¢) = 0, we define

Jueio US @) —wt @) dd [ (7 (9) —w (9) d9
(L5 (9)) ne i (L) /

for some sequence {L"})_7° with p (L") # 0, for each n, and lim (L") — 0.

n—oo

A SSE is interior if and only if ©°¢ (¢) # () and ©° (¢) # ©.

Replacing (i7) into (i), we can rewrite the non-positive profits conditions as

18 Ju (PO @) g o
T+ Bt (e") 1 (LF (9)) ()

By definition, ¢* is an interior SSE, given T*, if and only if ® (¢*;¢) = 0, and
O° (616) # O, O° (¢":€) # 0.

In establishing existence of SSE, the main difficulty is that, for 7" sufficiently
large, there is always a trivial equilibrium where no one invests in education®. In-
deed, let ¢"eo be the (unique) SSE of the associated economy with no investment in
human capital. For T sufficiently large, this can be supported as a SSE when there
are "sufficiently pessimistic" expectations. For instance, choose any (beo such that

s, (A=B)(f2(0)-b°(0) _ _ wv® \ fone o
(mlng B (65 qe(¢eo)) < 0. Then, for firms with expectations given by

¢ and L¢ = argming (fe(0) —bc(0)), it is optimal not to create a vacancy. Con-
sider now the value of the map G(6, b, T). For T sufficiently large, G(6, o, T) <0,
for each 0. Hence, no worker has any incentive to invest in education. Therefore,
<I>e(¢O,T ;€) is not well-defined, and it is easy to construct a sequence with the
properties required in Definition 1, so that ngO is a SSE. This trivial SSE may exists
even if the same economy has an interior SSE, too. What matters is that, for T'
sufficiently large, this is the unique SSE (modulo the indeterminacy of the value of

Ok (p;€) = <0, for each k. (9)

¢e°). On the other hand, under fairly general assumptions, for T sufficiently small,
there is a SSE where all the agents invest in education. Therefore, the best we can
look for is the existence of an interval (Tg,Tf) such that, for each T € (T £,T5),
there is an interior equilibrium.

6Trivial "autarkic" equilibria with no vacancies and no labor force in one sector (or in both)
also exist, as usual in random matching models. The difference is that, in our economy, for T
sufficiently large, there are no SSE with ©¢ # (.
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We establish two distinct existence results. The first one is that, given T, for a
generic set of economies, a SSE exists. This result is only generic essentially because
of the possible lack of continuity of the map p (L (¢;&)), already discussed in
Section 3. However, once continuity of ®*(¢;&), k = e, ne, is established, existence
of a SSE follows by a routine fixed point argument.

THEOREM 1. Under assumptions 1-2, given T, for each & € Z*, an open, dense
subset =¥ C 2, there is a SSE ¢*.

Proof. See Appendix 3.

Unfortunately, a fixed point argument does not seem to suffice to establish
existence of interior SSE. Hence, we need a different approach to establish this
second (and more interesting) result.

The basic logic of the proof is straightforward. Given that the details are some-
what pesky, we start presenting an outline. Let T™ be the largest value of T such
that there is a SSE ¢* with ©% (¢*,T;¢) = ©°. As we will establish later on, T*
exists. If @ (¢, T; &) were C at T*, and det Dy® (¢, T'; €) # 0, existence of interior
SSE, for each T' > T* in some open neighborhood of T*, would follow immedi-
ately. Indeed, using the implicit function theorem (from now on, IFT), we could
construct a map ¢ (T') such that ® (¢ (T),T;&) = 0, for T close to T*. Existence
of interior SSE would follow immediately, because, by construction, at T > T*,
0c¢ (¢(T), T; &) # O, and, by continuity, ©¢ (¢(T),T; ) # 0, for T close to T*. The
difficulty is that, at (¢*,T*), ® (¢*,T*; ) is necessarily non differentiable, because
each 0 € G~ (0) is either on the boundary of [0, 03] or, worst, an interior minimum
of G(0,,T;¢), so that %—g = 0. In both cases, ® (¢, T; £) fails to be differentiable at
(¢*, T*). However, for T sufficiently close to T*, and an appropriate perturbation
of the parameters of the economy, there is a SSE ¢ (T') such that ® (¢ (T"),T;¢)
is C! and det Dy® # 0. Existence of this SSE follows by continuity of the maps
G(.) and ®(.) at (¢*,T*). This is a much weaker condition than differentiability
(plus %—(g # 0). Still, it is not necessarily satisfied. However, for a generic set of
economies, it can be established along the lines of the proof of Lemma 1.

Our existence results are summarized in Theorem 2. The proof rests on the fact
that there is a SSE where everyone invests in education, for T sufficiently small. It
is easy to find assumptions on the primitives such that this property holds. Lemma
2 describes one such a set.

Joo a(9)(f€(9)—b°(9))d¥
Joo a(9)d

1—a () (f™(9)=b"* (9))dd
Jao( f(e(?z(lf—a((ﬂ)))dﬁ ) , v° =" and ¢° () = q"° (P) , each ¢. Then, there

is T* such that there is a SSE ¢* with ©% (¢*) = ©° if and only if T € (0, T*]

LEMMA 2. Under the maintained assumptions, let

Proof. See Appendix 3.

The assumptions of this Lemma are much stronger than required. All we actu-
ally need is that, at the unique SSE ¢* associated with the economy where all the
individuals invest in education, (U¢(0) — U™¢(#)) > 0, each 6. This is a very mild
restriction indeed. It turn out to be satisfied under the assumptions of Lemma 2,
but also under several other sets of restrictions on the fundamentals. We state it
directly as Assumption 3. Lemma 2 can, then, be interpreted as showing that there
are (open sets of) economies satisfying the assumption.

Assumption 3: Let ¢* be the (unique) SSE of the economy £ € = with
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0% = @°. There is an interval (0,7*] such that G (0, ¢*,T;&) > 0 for each 6 € ©
if and only if T' € (0, T™].

THEOREM 2. Under Assumptions 1-83, for each & € =*, an open, dense subset of
=, there is an interior SSE ¢ (T') € C*, with associated nonempty set ©% (¢ (T, T;€) #
Y, for each T € (Tg,Tg), an open subset of (0,00) .

Proof. See Appendix 3.

The somewhat intricate statement of the Theorem should not obscure the main
point: modulo some arbitrarily small adjustment of production and education cost
functions, and of vacancy costs, there is an interval (Tg, Tf) for which there are
interior SSE. As already explained, this is the best result we can hope for, from the
qualitative viewpoint.

Remark 2. The proof of the theorem exploits appropriate perturbations of the
pair v. This is just to simplify the proofs. We conjecture that they could be replaced
by perturbations of f* (0), for each k, and by local perturbations of the functions
q" (¢k) (preserving, if so required, its invariance across markets).

Remark 3. To fix ideas, assume that, for some interval of values T' > T, say
(Tg, T¢), there is a unique value 67 such that an individual invest in education if
and only if, say, § > 67 . Assume that, at 7" > T¢, there are two values 91T ,9%
such that both 7,67 € G7.!(0). We conjecture that an argument similar to the
one exploited in Appendix 3 could be used to establish existence of SSE at T > T",
given that, at each interior SSE, G71(0) is a discrete set. Evidently, this would
require local perturbations of qk(gék)

Define the set
Ep = {£ € E| given T, there is an interior SSE ¢ (£)}.

Next, we study some properties of 27, for arbitrarily given T > 0. The results may
be of some autonomous interest, but the next Theorem is mainly motivated as a
step to discuss the efficiency properties of SSE.

THEOREM 3. For each T > 0, the set Z1 is non-empty. Moreover, =1 contains
an open, dense subset Z7Y such that, for each £&° € 259, at each interior SSE

b (£°),

i G(00,0(£°):€°) #0 and G (01,9 (£°):€°) # 0,

ii. Dy® (¢;£°) has full rank,

1. the number of interior SSE is finite, and there is an open neighborhood
V(€°) € EWY such that interior SSE are described by a finite collection of C*

maps, (61 (§) ;s on (€)), for some N.

Proof. (iii) follows immediately from (i,4¢) and the IFT. (4,4i) are established
in Appendix. 1

As standard, we call regular an interior SSE such that D,® (¢;£°) has full
rank (implicitly, this requires that (i) above holds, otherwise, ® (¢; £°) may be non
differentiable). If each interior SSE of an economy is regular, we call the economy
regular.
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5. EFFICIENCY PROPERTIES OF THE SSE ALLOCATIONS

A natural notion of constrained Pareto optimality (CPO) would require that
the equilibrium allocation cannot be improved upon by changing the set of people
getting educated and the "market tightness" variables ¢. Unfortunately, such a
notion is not useful in our context. Evidently, for an allocation to be CPO, it
has to be CPO contingent on the specific selection of the set ©¢. However, in the
canonical one-sector, random matching model, SSE are typically constrained Pareto
inefficient, unless the "market power" weight 5 happens to satisfy the Hosios (1990)
condition, i.e., 8 = |n,|. Given ©¢, our model reduces to a pair of disjoint random
matching economies and, therefore, a necessary condition for a SSE to be CPO
is 8 :|77q,€( ¢>k)|’ for each k. It follows that SSE allocations typically are not CPO,

as long as 3 is treated as an exogenous parameter. This obscures the nature of
inefficiencies specifically related to the educational choices of the agents, if any.
Therefore, we propose a different concept, the notion of Weak Constrained Pareto
Optimality (WCPO). With our definition, the planner can choose any measurable
subset ©¢. The associated pair ¢, however, is the corresponding SSE. Evidently,
without investments in education, interior SSE are trivially WCPO, because they
are globally unique, and, therefore, the constraint set of the planner reduces to a
single point, the SSE itself. Hence, the notion of WCPO is extremely weak, and,
consequently, WCPO allocations do not have a strong appeal from the normative
viewpoint. This criterion, however, is useful, because it allows us to pinpoint sources
of inefficiency just related to the two-sector structure of the economy, and to the
private investments in education. Our notion of WCPO is somewhat related to
the concept of CPO commonly used in the literature on general equilibrium with
incomplete markets (see, Geanakoplos and Polemarchakis (1986)). In both cases
the planner chooses the investment portfolios, taking into account the consequent
adjustment of the endogenous equilibrium variables (prices there, ¢ here).

We restrict the analysis to steady states, and we assume that r/ = 0, so that
r = 7 (or, rather, we consider the limit case for r’ converging to zero). This entails
a loss of generality, but it allows us to sidestep issues related to dynamic optimality
versus optimality of the steady states.

The planner’s objective function, P’ (u,0,0%;¢), is the (discounted) expected
total surplus, net of vacancy costs and of the direct costs of education of the cohort
born in a given period ¢. His policy instruments are the choice of a measurable
subset of © and of the pair (u,0). The planner faces three constraints:

1. u® = —L—;
yHme(¢°)’
2. U = ot
y+mne(one)?

3. ®e- (€)= 0.

The last constraint may differ from the equilibrium condition ® (¢;&) = 0, be-
cause, in @, (¢;€), ©° is selected by the planner, while, in ® (¢;¢) , it is implicitly
given by the additional condition G (0, ¢;&) > 0, for each § € ©°. Given the con-
straints (1-2), the policy instruments actually reduce to ©¢ and to the choice of the
measure of job openings. Also, notice that we are implicitly imposing symmetry in
the treatment of agents of the same type 6.

16



Define the function

e (¢°) f€(0) + vb° (0
T(pvevd);g) = a(@)p ( ) <e) € ( )
v+ pme (¢9)
PGV (6) + 20 (0
+(1-eT—a( .
( @) 7+ pre (™)
Setting p = 3, one obtains T (5,0, ¢;&) = G (0, ¢; &) . On the other hand, at p =1,
T (1,0, ¢;€) is the social gain (net of direct and opportunity costs) of the investment
in education of agent 6, i.e., the relevant variable from the planner’s viewpoint.

Integrating the steady state values of the variables, and replacing in the values

of u¥* given by the constraints 1 — 2, P’(u,0,0%;¢) can be rewritten as

Jo [7"¢ (&™) f7° (9) + 70" (V)] dﬁ)
7y 4 ne (¢ne>

+(1—e")c(0)

P(¢,0%:¢) = (e‘”T/ T (1,9, ¢;€) do +
@06
—e T Y06 Jgo. @ (9) dV
v+ 7 (°)
e [fe\ewe A+ e [go. (1= (9)) dﬁ}
v+ 7 (8") ’

where, for instance, e 77w e,y+ﬂﬂ(¢ 5 f@% 9)d¥ = v (©°%) is the total cost
of job openings created (at time (t+ 7)) on market e. Hence, the last two terms
describe the vacancy costs, given the sets of people getting/not getting an education.
The first term in brackets is the expected output at the stationary allocation.

For completeness, we formally report the standard notion of CPO and the inef-
ficiency result already mentioned.

DEFINITION 2. A steady state pair (¢, ©°) is Constrained Pareto Optimal (CPO)
if and only if it is a steady state solution to the optimization problem

choose (¢p,0°) € arg max P(¢, ©%; ).

ProPOSITION 2. There is an open, dense subset = C = such that, for each
£ € 2/, an interior SSE, if it exists, is not CPO.

Proof. Assume that \nqk (¢k)| # 3, for each k. Then, given any ©*<, the result

follows by a standard argument. It is straightforward to show that, generically, at
a SSE, ‘qu(¢k)| # f3, for each k.

We obtain the notion of WCPO by introducing in the planner’s optimization
problem the additional constraint (3) discussed above.

DEFINITION 3. A steady state pair (¢, ©°) is Weakly Constrained Pareto Opti-
mal (WCPO) if and only if it is a steady state solution to the optimization problem

choose (¢, 0°) € argmax P(¢, ©% &) subject to Pge (¢;€) = 0.

THEOREM 4. Under the maintained assumptions, there is an open, dense subset

bl

of economies, E C Z, such that, for each & € Z”, every regular interior SSE
allocation, if it exists, is not WCPO.

Proof. See Appendix 4. 1
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Remark 4. Throughout the paper, [ is considered as an exogenous parameters.
As we will see later on, the value of (3 1 gk (g5 ) plays a role in determining the lack

of WCPO of SSE and, most important, the nature of the inefficiency. However, it
is neither necessary, nor sufficient to restore WCPO. In fact, this conditions plays
no role in the proof of Theorem 4.

Remark 5. We are completely agnostic about the (far from trivial) problem of
the existence of WCPO allocations, that is not really germane to the issue under
consideration.

Remark 6. The proof of Theorem 4 holds for each regular interior SSE. We
have formally established existence of this sort of equilibria for a (possibly) small
subset of economies. However, this last theorem does not rest in any substan-
tive sense on the proof of Theorem 2. Its result holds for all the regular inte-
rior SSE. Moreover, its proof rests heavily on differentiability. It is worthwhile to
stress that this property is never at issue here: In the "planner’s problem" what

matters are the derivatives %ﬁfb—:, k = e,ne, obtained by the IFT applied to the

constraint ®ge (¢;¢) = 0, at the values 6,, € G~1(0). While it is possible that
rank Dg® (¢;€) < 2, rankDygPee (¢;&) = 2, always. Therefore, %’ k = e,ne, are
always well-defined, now.

In the literature, three different possible sources of (constrained) inefficiency
have been identified. First, as pointed out in Hosios (1990), when § # |77qk(¢k)|,

SSE are inefficient because agents do not internalize the congestion externality. In
particular, in the basic, one-sector model, when 5 > |77qk(¢k)|, the SSE ¢ is below

its optimal value (hence, the rate of unemployment is above its optimal level).

Secondly, with investments in human capital, there may be an "hold up" effect,
stressed by Acemoglu (1996): Educated workers do not receive the full return on
their investment, because of the noncompetitive wage determination mechanism
and of the irreversible nature of their investment. In his model, this induces under-
investment in education.

A third possible cause of inefficiency may be related to the "composition effect".
Assume that both f* (§) are strictly increasing in 6 and that there is a unique
0* € G1(0). Moreover, assume that only agents with § > 0" invest in education.
Evidently, agent 6* is, simultaneously, the most productive uneducated worker and
the least productive educated one. This is a potential source of inefficiency due to
overinvestment in education, as pointed out in Charlot and Decreuse (2005). In
particular, to move up the threshold value 6" increases the equilibrium pair ¢, and
this can be Pareto improving.

With our notion of WCPO, congestion externalities market by market are neu-
tralized. The other two kinds of sources of inefficiency are potentially active. More-
over, the sign of (6 + Mg ¢k)) may affect the type of inefficiency (over versus un-

dereducation).

Let’s make precise our notions of over and undereducation. As in the proof of
Theorem 4, let’s restrict the planner to choose sets ©¢ given by the union of a finite
collection of intervals [0,,, 0.,+1] - Replace into the planner’s objective function the
pair ¢, implicitly given by the constraint ®ge (¢;¢) = 0, a C* function of the vector
[01,...,6m], &(01,...,0,,) . The modified planner’s optimization problem is, then,

o P*(01,...,01m;8) = P(¢°(0),0" (0);€), (10)
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Also, define x (0) = 1, if 0., € [0, Omi1] C O, x (0) = 2, if O, € [Or—1,0m] C
Qe

DEFINITION 4. A SSE of the economy £ € E exhibits (local) undereducation at
Om € G71(0,,) if and only if (—1)X(9m) % > 0. Tt exhibits (local) overeducation
at O, € G~1(0,,) if and only if (—1)*() % <0.

This formulation will become handy in the sequel. We have overeducation if
(locally) we increase the total net surplus by shrinking the set of agents investing
in education. If 6,, is the lower bound of an interval [0,,,0,,.1] C ©%, this means
that ‘98—12*|9m > 0, if 6,, is an upper bound, it means gé% < 0, i.e., it means
(—1)Xm) 8% <,

The (necgssary) first order conditions of the modified planner’s optimization
problem (10) include

apP* 9P (ap 9¢°  OP 9¢"°

—_— — — _1
0 = Do 95" 90, + 9™ 30m) 0, for each 0,, € G=2(0) N (0, 6}) .

Thus, gG—P* is the sum of two terms, capturing the direct and indirect effects of
changes in 6, on the objective function. By direct computation,

e e T ne 4ne
_yypxom) o OP o e [@@Bm)yuedt (1o e - alOm)) s
e ) T ) |

m

where T (1, 0,,, ¢;€) is the change in total expected (discounted) output due to the
investment in education of agent 6, (net of direct and opportunity costs). This
term is related to the "hold up" problem stressed in Acemoglu (1996), because,
when 8 =1, T (1,0,,, ;&) = T (8,0, ¢;€) = 0. In general, assume that b* (§) = 0.
Then, it is easy to see that T (1,0.,,¢;&) is positive if 7¢ (¢°) is not "too large"
compared to ¢ (¢"°)". The second term is the difference in discounted expected
vacancy costs in the two markets. If it is sufficiently small, and (7€ (¢°) — 7™¢ (¢"¢))
not too large, (—I)X(e) %Pe—m > 0, so that the direct effect induces undereducation.
On the other hand, if (7€ (¢°) — "¢ (¢™)) is positive and sufficiently large, we
may have (—1)*? aape_d" < 0. Bear in mind that the direct effect does not depend
in any way upon the value of B, and it can be different from zero even if the Hosios
condition holds, for each k.

The second, indirect, component is related to the effect of changes in 6, on
the equilibrium values of the market tightness variables, ¢. By direct computation,
given that, at a SSE, ®F (¢;¢) = 0, and rearranging terms, we obtain

(_l)x(é’m) a_i 0¢k _ Yo (@ka) (5+7]qk(¢k)) ( _1)x(9m) 5;&) , each k.
06" %m (1= ) (v+* (¢)) 06

TAt each p such that T (p, 0, ¢;¢) =0,

0491%29776£¢E!fﬁ£0m,! _ T _ (") p " (Om) _y+pm(P°)
or _ v [ Yt+pme($°) +(1-e o (0m)) x YHpmne(9m€) v+p7f"‘"(¢"‘")]
ap p(v+ pme (¢9))
for ¢ (¢°) sufficiently close to (or smaller than) ™€ (¢™¢). Given that T (p = 3,0, ¢; &) = 0, this
implies T (1,0, ¢; &) > 0.

>0
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This term is nil if and only if either Hosios condition holds or ‘690— 0. The
Hosios condition comes back into play because of the change of the pair ¢ induced
by the change in the value of 6, even if our notion of efficiency is constructed to
neutralize the canonical (i.e., given ©%®, each k) Hosios effect. By the IFT, and

direct computation,

99 [0Dec]| ' [0Pe
00, 0¢ 90,
a(fm)  (F7(Om)— be(9 )) Fe(Q%) [ adge\
= (e (1-5) Fre(6°) ( a6° )
er” 1= —a(8,,) (£ (Om)— b”e( m)) Fre(9%) ( oDy )*1 ’
yFmne(pne) u(Lme) done
where FF* (Qoe) Jgea (I #(zkfe(ﬂ))dﬁ. It is easy to check that %kﬁ < 0, each k.
Given that (1—e"" —a(6,,)) <0,
a e
= , o [ (5 (0n) = b (0,0)) — = (2%))
sgn [olo X = stgn (71) ne ne ne Oe
90 B <<f (em) —-b (am)) - F (Q ))

Generally speaking, it is very hard to discriminate between overeducation and un-
dereducation. This is also because, when there are several Om € G71(0), in general,
the SSE is characterized by overeducation (i.e., 89 < 0) at some 6,,, by undere-
ducation at some other 6,,,. However, at least one important point is established:
In a two-sector economy, the Hosios condition is neither necessary, nor sufficient,
to guarantee that SSE allocations are constrained Pareto efficient. This is a sharp
difference with respect to the results one obtains in the basic, one-sector, random
matching model.

6. TWO POLAR CASES: ABILITY AND EDUCATION AS COMPLEMENTS
AND SUBSTITUTES

To conclude, we focus the analysis on two polar cases where, at each SSE, there
is a unique 6* € G~!(0). We introduce an additional, simplifying, assumption,

Assumption 4: b (0) = c(f) = 0, each k and 6. Moreover, v® = "¢ and
q° (@) =q"(9).

We start providing some restrictions on the fundamentals of the economy which
give a (partial) characterization of complementarity vs. substitutability.

) da(0 N _ ofme(o
Let’s define n,, (0) = 257 05 ;. (0) = 250 =0 (0) = 25O 0.

LEMMA 3. Under the maintained assumptions,
a. complementarity between ability and education: if n, (6) > 0 and 1. () >
Nne (0), each 0, at each SSE ¢*, there is a unique 6 € G~'(0) and ©° (¢*) =
0(6%) 0]
b. substitutability between ability and education: if nge (0) < 1ne (0), and
Mo (0) is sufficiently small, each 0, at each SSE ¢*, there is a unique 6 € G~ (0)
and ©° (¢) = [0, 0 (¢7)] -

Proof. Appendix 5.
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Remark 7. In the case of complementarity, only the high 6 people invest in
education. In the one of substitutability, only the low 6. A priori, both cases are

7]77ffzﬂ((99)) > 1,
each 0, the comparative advantage in the high skill job is decreasing in 6.

plausible. Obviously, what matters are the comparative advantages. If

6.1. Constrained inefficiency

Let’s first consider the direct effect %, computed at the unique 0* € G=1(0).
Using the simplifying assumptions, the direct effect of a change in 6 on total

surplus is

T (—1)xm) orP  _ (a(G*)W(df)fe 07 | (1—eT —a(0)) 7 (") fr° (9*))

96" - L
<v+7r(¢>e) +( (6 ”ww(we))'

In the case of complementarity, it is always 7 (¢°) > 7 (¢"¢). The first term in
brackets (T (1,6%,¢;&), using the notation introduced above) is negative when
7 (%) > w(¢"°), because, at a SSE, T (p, 6%, ¢;&) = 0 if and only if p = 3, and

%—z < 0 at p > B%. Consider now the second term in brackets. Fix ¢™¢. Under the
maintained assumptions, #7‘;(7) is an increasing function of ¢, unbounded above.
;T(Eﬁ) , f;) sufficiently large, this term is positive and, there-

fore, (—1)X™) 92 < 0. Given the equilibrium conditions, and 7., a sufficient

Hence, for (i.e.
condition to obtain an arbitrarily large ratio % is to have 7. sufficiently large.

Consider now the indirect effect. Under the maintained assumptions, Z%f > 0, each
k. Therefore, if (8 + nqk(¢k)) > 0, each k,

o) P 38" _ oy 701 (07 (5+”q(¢k)) ag*
x(0 90~ T = (-1 Xk: e (,y_|_77(¢k>) 90

because x (6*) = 1. Hence, the inefficiency of the SSE is due to overeducation.
The case of substitutability can be treated in similar way. We have established
the following:

PROPOSITION 3. Assume that, at the SSE, 8 > |14, for each k. Then, given
assumptions (1-4):
a. complementarity: if ng. is sufficiently large, the SSE is characterized by
overeducation;
b. substitutability: if nn. is sufficiently large, the SSE is characterized by un-
dereducation.

Consider again the case of complementarity. A sufficiently large value of (7 (¢°)
— (¢"¢)) (induced by high n;.) is required just because T' > 0 and « (0*) < 1. Tt

8This follows from two observations. First, T (p, 0m, #; &) = 0 if and only if

(y+m(o ))(Z‘H" (¢ ))T(079m7¢§§)

solution, 8 = p. Given that, at p = f, ZLELmBE < 0 if (n¢ (¢°) — 7 (")) < 0, the result
follows.

= 0. This last equation is linear in p, and it has a unique

21



is easy to check that, for 7= 0, a (#*) = 1, and (evidently) ¢ () > 0, the direct
effect of an increase in 0" is always Pareto improving. When 3 > |77q(¢k)|, each k,
in each sector unemployment is above its constrained Pareto optimal level. The
indirect effect of an increase in 0" is a reduction in unemployment in both sectors,
and, therefore, a Pareto improvement. When § < |77q k) |, unemployment is below
its CPO level. Hence, in this case, an increase in 8" may have a positive direct
effect on welfare, but it has always a negative indirect one, so that the sign of the
total effect is undefined.

According to the results reported in Petrongolo and Pissarides (2001, p. 393)
the range of the most plausible values of 7,4+ is (=0.5,—0.3). The value of 5 has
been estimated for several countries. Most of the results suggest that its value is
fairly small (see Yashiv (2003, 2006), Cahuc, Postel-Vinay, and Robin (2006) and
other references quoted therein”). It follows that the case considered in Proposition
3 may not be, empirically, the most relevant one.

6.2. Comparative statics of regular equilibria

By the IFT, Degp = —Dy® (6, ¢; 5)_1 D¢® (0, ¢;€) . Hence, we restrict the analy-
sis to the (generic) subset of regular economies.
It is very convenient to replace the actual SSE map ® (.) with

(I)/ <¢ 5) _ T+ﬁ1:‘;6(¢:;) [0} (¢7 f) _ |: Fe (0: (¢)) _ Ae (¢e726
’ B gne (5€) Fre (07 () — A" (¢™)

Jre () (2 (9)—b°(9))d9 _ rve4Bvene(¢°)

= L (Le(@) (1=B)q°(¢°)
Jone@ @) =0 ())dY ey gyneqne(gne)
I/L(an((zﬁ)) (I_B)qne(¢71,e)
Using the chain rule (and ® (¢;¢) = 0),
foler B -
e = ~Ds® (0,616 De® (6,6:6) = —Do’ (6,6:6)" De®' (0, 65).

The main advantage of this transformation is that, for each k, F* (6" (¢)) depends
upon ¢ only because of the effects of its changes on the value of 8", while, for each
k, Ak(cék) only depends upon ¢*.

By direct computation,

X 1 oF™ 99* _ 9A™  _ 9F° 08

P =1 90 dgne 5¢me 0% dome

Dy (¢;€) " = Tt D.D _9F™ 90" OF° 90*  9A°
¢ 0% 0¢° 00 9¢°  0¢°

Intuitively, the comparative static properties of the economy rest heavily on the
sign of det Dy®’(.), where

_ QA° QA QA" OF° 90" DA OF"C 99°
- a¢e ad)ne a¢ne 89* 8(256 8(256 69* 8¢ne'

det D¢(I>/(.)

The first term is always positive. With complementarity, the second is negative
and the third is positive. Under substitutability, the third term is negative, while
the second is positive.

9Notice, however, that Cahuc, Postel-Vinay, and Robin (2006) reports values of 8™¢ around
0.1, but substantially larger values for 3°. Also, Flinn and Mabli (2008) reports relatively high
values of 3.
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We will only consider the case when the total effect (i.e., inclusive of its impact
on the average ability of the pool of workers) of a change in ¢* on the (ex-ante)

%—gf ‘giz — 2‘2: ) < 0. With comple-

mentarity, (615; . 885); — ‘gﬁ:j ) < 0 implies det Dy ®’(.) > 0. With substitutability,

(4582 — 84°) < 0 implies det D,@/(.) > 0.

Notice that the (different) restrictions we impose (and which deliver us a positive
determinant) are, in both cases, coherent with the other maintained assumptions:

(8;;26 6(1?; — 3‘2:: ) is negative if npne is sufficiently small. Given that u(L™¢) is

actualized profits in sector k is negative, i.e., (

bounded away from zero, one can check that npgn. is an increasing function of 7 fne,
which is required (in the case of complementarity) to be itself small. Substitutability
is characterized, inter alia, by 1 (0) < npne (0). If p(L°) is bounded away from
zero, 1) p. is an increasing function of 7., which is assumed to be (comparatively)
small.

We define the shocks to technologies, direct costs of education, probability of
graduation and matching function as before (see Proposition 1), in terms of a
multiplicative change. Shocks to vacancy costs are defined in the obvious way. For
the functions describing direct costs of education and home productions, we focus
on the case of f-invariant, additive shocks.

PROPOSITION 4. Under the maintained assumptions, if (661702“ aa(f; - ?9;}25) <
d OF™¢

0, and %= > 0, each 0, in the case of complementarity,

QINdE dfe dfre de da db db"C dv do™ dgt dg"

%"g ? + 4+ - - 7 - - - 7
Hp™e

Proof. Appendix 5.

The additional restriction % > 0 is certainly satisfied (in the case of comple-
mentarity) if « (6) is sufficiently close to 1, each 6.

The results above can be easily interpreted in terms of the Charlotte-Decreuse’s
composition effect. Changes in the exogenous parameters making, coeteris paribus,
the market for uneducated workers more attractive (i.e., df™ > 0, dc > 0,da <
0, dv™® < 0) always increase both ¢“ and ¢"°. This is because they attract (compar-
atively) higher ability individuals to this market, improving the expected product
in both sectors. On the other hand, consider for instance, a positive shock to the
technology in the educated labor market. The highest ability workers (among the
ones who did not previously invest in education) are now attracted to this market.
This immediately reduces ¢"¢. Moreover, their productivity is lower than the one
of the other educated workers, and this reduces the expected product in the market
for educated workers (hence, the equilibrium level of ¢°). Therefore, the positive
effect on ¢° of the shock is partly (or completely) counterbalanced by the (negative)
composition effect.

The case of substitutability can be discussed in a similar way.

PROPOSITION 5. Under the maintained assumptions, under substitutability, if
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OF° 09" _ 9A°
(80* 26° aTaﬁ) <0,

aalg\df dfe df"c de da db® db™¢ dv® dv™® dq¢ dq"°

% 2+t - -+ 1 T - 4 7 -
[oloxie
T S

Proof. Appendix 5.

7. CONCLUSION

We have provided a fairly exhaustive, theoretical analysis of a two-sector econ-
omy where heterogeneous agents invest optimally in education, providing a gener-
alization of the canonical Roy (1951) model to random matching environments.

From a generic viewpoint, the model is well-defined (i.e., there is a SSE under
some restrictions on the - exogenous - length of the education process). Interior
SSE, when they exist, have well-defined properties in terms of (lack of) efficiency.
Given the technique of proof adopted, these properties are robust to many possible
extensions of the model. More stylized (but still fairly general) versions of the
model allow for (reasonably) sharp comparative static properties of SSE, and for a
partial characterization of inefficiency in terms of overeducation or undereducation.
The nexus between comparative statics properties and the nature of inefficiency
makes the model potentially testable.

A key feature of the model is the role of the composition effect. The parametric
set-up of Charlot and Decreuse (2005) allows them to obtain sharper conclusions,
that do not necessarily hold for our more general class of economies. However, their
essential message is confirmed. In a model with frictions, education allows agents
to self-select themselves in one of the labor markets'?. Generically, this has relevant
consequences, which are ruled out by assumption in economies where investments
in education translate into an increase in the number of efficiency units of the labor
endowments.

An essential ingredient of our model is the assumption that matching is at ran-
dom. With directed search, the inefficiency results may not survive. The extension
of our analysis to economies with directed search is still an open issue. As it is,
this paper could also be seen as a contribution to the literature on hybrid models
of matching, i.e., models characterized by partially directed search.

8. APPENDICES

8.1. Appendix 1: Transversality

Several of the proofs are applications of the transversality theorem. We repro-
duce here the key mathematical results that we are going to exploit.

Let N and M be smooth manifolds of dimension n and m, respectively, and
with 0 € M C R™. A smooth function ¥ : N — M is transverse to 0, ¥ 0 if,
whenever z € N satisfies ¥(z) = 0, rankD, ¥ = m. Clearly, if n < m, ¥ th 0 means
that there is no solution to ¥(z) = 0, i.e., that ¥=1(0) = 0. If m = n, it means
that ¥=1(0) is a discrete set.

10 An extension of the model to the N-sectors case would be far from trivial.
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Let’s now assume that n = k 4+ m and let N = N x N,,,, with y € N,,, and
z € Ng. Ni and N, are smooth manifolds of dimension k and m, respectively,
where only Nj may have a boundary.

Transversality Theorem (TT). Let ¥ (z,y) M0 € M C R™. Then, except
for a null subset N}, C Ny, if W~=1(0) C Ny, x N}, then ¥, th 0 for each x € Nj.
Moreover, for each compact subset Nkc C Ny, if ¥71(0) C N,f X N, the associated
set N is an open, dense subset of Ny,.

Obviously, = is not a finite dimensional space. However, we will always use local
perturbations which are polynomial, i.e., finite dimensional. To go from our results
to results referred to = is a purely technical, and straightforward, matter.

We will exploit the transversality Theorem in several different context. There-
fore, we outline here the general procedure we are going to adopt. To apply T'T,
we exploit (arbitrarily small) perturbations of the vector v and of the functions
(f,b,c). We start with a given function, say f* (6), and introduce a polynomial
perturbation, setting

\%
fF0;d) = 5 (0)+ > dver,
v=0

where d € D C RY, some small open neighborhood of 0. Using the theorem,
and some additional properties, we show that a required property holds for all the
vectors d € D*, some open, dense subset of D. This is what we exactly mean saying
that a property holds "generically in f* (#)" or "modulo a perturbation of f* (6)".
To use polynomial (hence, finite dimensional) perturbations is convenient, and it
does not imply any essential loss of generality with respect to openness and density
of the set of functions we restrict ourselves to.

Finally, we can also perturb in different directions the same function: Pick, for
instance, 01,605, with 81 # 62. Choose two open neighborhoods of radius ¢, V. (61)
and V. (A1), such that clVac (01) N clVae (62) # 0. Choose two "bump" functions
(with nonnegative values) v, (6) and v, (6), taking the value 1 on the set V; (61)
(Vz (62)) and the value 0 at 6 ¢ clVa. (61) (clVac (62)). Functions with these proper-
ties exist (see, Hirsch (1976, p. 41-43)). Define the perturbed function f* (6;d) =
S (0)+4by (0) dy+1by (0) do. Evidently, on, say, Vz (01) , 2504 — 1 ang 2004 _ g
at 0 ¢ clVa. (01) . In a similar way, and using polynomials in d; and ds, we can ar-
bitrarily (and independently) perturb the derivatives of any order of the functions.

8.2. Appendix 2: Comparative statics of the aggregate demand for
education

Proof of Lemma 1. We start showing that, given T, for an open, dense set
of economies Z' C E, at each ¢ € F ¢, a compact subset of R?Hr, G~1(0) contains a
finite number of isolated points.

First, by contradiction, we show that Z’ is a dense set. Otherwise, there is some
open neighborhood V' (£°) C =\ E'. Without loss of generality, assume that f¢ is a
smooth, compact manifold contained in Ri . Define the system of equations

G (0,9:€)
fite]
v (07 ¢; g) = 6(296' = 07

002
6£G
003
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U [0, 00] % F ¢ xV(£°) — RY. Define c(0; d) = c(0)+Y";_ d;¢7, for d = (do, ..., d3)
in some open set D C R*, such that 0 € D, and ¢(6;d) > 0, for each 6 € [0,,0}] .
Pick D sufficiently small, so that the economies obtained with a d—perturbation of
& liein V(¢°) C E\ 2.

It is easy to check that Dy¥ (0, ¢;€) is a full rank matrix. Hence, ¥ rh 0, and by
the transversality theorem, there is a full measure subset D’ C D such that ¥4 M 0,
for each d € D'. Given that ¥4 maps a subset of R? into R*, ¥;' (0) = (D Therefore

at each 0 € G;* (0), elther%#o or, 1f%—0 elther#;éOo 663 #0 or
both. It follows that G 1(0) does not contain any degenerate local extrema and,
therefore, that it is a discrete set. Hence, by compactness, G;;' (0) N [0y, 0] is a
finite set. The contradiction establishes that Z’ is dense. Continuity of ¥ (6, ¢; &)
and compactness of the actual domain of interest, [0¢, 5] X F ¢, immediately imply
that 2’ is open, too. This establishes the claim.

Restrict the analysis to 2’ C Z. For £ € 2/, consider a given pair (¢*,£*) and the
(finite) collection of points 0, € G~1(0). By labelling these values appropriately,
we can write

M M’ M
0% =" [0 Omi]+ D> O and p(0%) =" p([fm,0mi1]).
m=1 m=M+1 m=1

= (IFT from now
on), (locally) there is a C! function 6,, (¢;€) such that G (0., (¢;€),;€) = 0
and p ([0 (;6),0ma1 (0;6)]) = |0ma1 (9;€) — O (¢;€) | is clearly a continuous

function, and there is nothing else to show.

If 6896; = 0, by construction of Z’, 6, is either an inflexion point or a (locally
unique) extremum of G (0, ¢";£*). Assume that it is an inflexion point and that
G (0,9%;¢") is increasing in 6 at 6,,. Pick any sequence {(¢";&")} 2, (¢";€") —
(¢*;€") . First, we show that, for n large enough, there is a sequence {6}, . such
that 8" — 6, and G (6", ¢"; &™) = 0. Given that 6,, is an inflexion point, without

loss of generality, assume that the function G (0, ¢™;£") is increasing in 6, at 0,,

Pick an open interval <Q , 5) , with 0, € (Q , 5) , and sufficiently small, so that
G(0,¢";¢") < 0for each § € <9,0m> ,and G (0,¢";6%) > 0, for each 6 € (Hm, 9) )

By continuity of G(0, ¢; &), for n large, G(é, ¢";€") > 0> G(0,9":€") and, there-

fore, by the intermediate value theorem, there is 6™ such that G (0", ¢"; &™) =
Clearly, it must be unique, because, for n sufficiently large, G (0,¢";£") is in-

creasing in 6 on the interval (97 0 | . Hence, for some € > 0, there is a function

0 (¢; &) such that G (0 ($;€),0;€) = 0 for each (¢;€) € V. (¢";¢"). Continuity

of 0 (¢;£) can be established taking a vanishing sequence of intervals Q ,5

is also clear that, if G (0, d";€") > G (0, d*;€"), 0(¢™;€") < O, ie., that
sign (0 (¢";€") — 0m) = —sign (G (0m, ¢";€") — G (Om, ¢"5€7)) .

Finally, consider the case of local extrema, which are (at most) a finite col-
lection of isolated points. Pick a sufficiently small open ball V (6,,) (such that

0 = Vz(0) N G71(0)) and any sequence {(¢";&")} o, (¢™:€") — (¢":€7).

Assume, for instance, that 6,, is a local minimum of G (0,,,¢";¢"). Define as
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I(¢™;€") = conv (V Om)NG ¢1n eny(0 )) , the interval obtained from the boundary

points given by V; (6,,) N G(_¢>" £n) ( ). ET(¢™: &™) =0, set p(L(¢";€"))=0.1t1is
straightforward to check that, for n large, V. (0,,)NG ( ¢1n £n) ( ) contains at most two
points, and that p (I (¢™;€™)) — 0 as (¢™;€") — (¢™; &™) . Moreover, observe that
I(¢"; &™) =0, whenever G (01, 0"; &™) > G (O, 0™ 5*) , while I (¢™;£") is non triv-
ial whenever G (0, 0™;€") < G (0, ¢"™;€™). Hence, p (I (¢™;€")) > 0 if and only if

191 (G (0,67:") = G O :)) > 0. Given that o (1 (9.6) €% (67567)) =

0, for <9, 9) small enough,

s o201 () - o201 (03))
= —5ign (G (Om,¢";€") — G (Om, ¢";€))

A similar argument can be used for local maxima. |

Proof of Proposition 1. Consider the set ©% (¢;€).
If, at an interval [0, (6;€) , 0t (¢; f)] C 0% (¢:€), 5= # 0 and 5% #0,

we can apply the IFT and 60’" = ,_r By definition (given that 6,, ((;5; €) is

the lower bound of the 1nterval), 89 > 0 while 8 < 0 at the upper bound.
Hence’ SZgTL 8“([ m(¢7£(‘)37§7n+1(¢7£)]

for Ou([Om (¢?§8)76]:m+1 (

) = szgn EV1dently7 the same argument holds

SO Taking into conslderatlon the facts established in the proof

of Lemma 1, essentially the same argument applies when some 0, (¢;¢) is an in-
flexion point or an isolated local extremum: The sign of the change of the measure
of the set ©% (¢; &) at 0, is always equal to the sign of the relevant derivative %

(or aTbk) Then, the Lemma immediately follows by direct computation of aa? and
g

8.3. Appendix 3: Existence of SSE and of interior SSE

Here, and in the next Appendices, it is convenient to replace ® (¢, T; &) with

Mq)e (¢, T;€) Fe (¢, T;€) — A¢ (9% €)
, ) _ B ) — S )
e = ( e o) g 5,71 g) | ( P (9,T5€) — A" (67%:€) )

fme)(f ($)—b°(@)dd pe TEBTE(6°)

p(Le>(9)) (1-B)q°(¢°)
anea(¢>(an("9) b (9))dd __ ne r+Bn"(¢"¢)
WL () U TR (67)

Clearly, ® (¢,T;¢) = 0 if and only if @' (¢,T;¢) = 0. This transformation is
convenient because, for each k, F¥(¢,T;¢) depends on ¢ only trough its effect on
0°(¢), while A* ((bk; €) only depends on #*. Bear in mind that ©F are at their steady
state values.
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8.8.1. Ezistence of SSE
Proof of Theorem 1. In the proof, (T;¢) is fixed. Hence, omitted from the
notation. Let

{14469 = min (7 @)1 9) }.

1
k — —
o= 3

_k

5 = 2o = (7 0) - ¥ ) }.

By Ass. 1, ming (f* () — b"(9)) > 0, for each k. By compactness of [f;,0;] and
continuity of (f,b), there is § € maxy (f* (6) — b* ()) . For each k, the function
AF(F) is easily seen to be continuous and strictly increasing. Moreover, given

that A*(¢") = % (W +5¢6) ,and Ass. 2, A*(R, ) =R, . Hence, (¢k,;5 )
exists and is unique, for each k. Evidently, if a SSE ¢ exists, it must be ¢* €
_k
nt H[qﬁk , ¢ ], a compact, convex, non-empty subset of Ri 4
L

Consider a modified economy where, for each 6, there is an interval (1 + §) of
agents of ability 6. Assume that, for each 6, a measure § of individuals always
invest in education, while the remaining individuals choose to invest or not as in
the actual economy. Let QF be the counterpart of the set L* in this modified
economy. Restrict the analysis to the set of economies Z' such that u(L°(¢)) is
a continuous function (see Lemma 1). Given £ € Z/| at each ¢, and taking into
account (2) above, at a SSE, L (¢) is either empty or

M’ M
L(¢) =5 0€0| || WimOimia] | Oim|, cachi<e a(h).
m=1 m=M'+1

We have already shown (see the proof of Lemma 1) that each non trivial interval
is locally a continuous correspondence of ¢. Let () = 0. Evidently,

Jor iy 5 @) =4 @) TSN [P o (9) (£ (9) — b (0)) d

K@ = (9 (9) - 2 (9 (9)
L gy @ ) () — b (0)) v
(0 (9))
L S Sy (0) (£ (9) — b7 (8)) dv
(97 (9)) '

0 foh a(9)dy
For each 6 > 0, u(02°(¢)) > 77" —5— > 0. Hence, the first two terms

of F§ (¢) are continuous functions of ¢. The second term (by definition and the
assumption (f¢ (¢) — b (0)) > 0, for each ) is bounded away from zero.

Consider the last term. Pick any ¢*. For each isolated point 6,,, m > M’ let
V (6,) be any open ball such that V (6,,) N G;(0) = 0,,. Pick any & > 0. For
each sequence {¢"}),, ¢" — ¢, for n large enough, u(V (6:,) N Gl (0)) < &,
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i.e., along any such a sequence, p(V (6,,) N Gd}} (0)) is either 0, or vanishing. This
immediately implies that F§(¢) is a continuous function of ¢.

Given that p (Q"¢ (¢)) > 6171; 96;" (1 -« (¥))dy > 0, a similar argument shows
that F© (¢) is also a continuous function.

Pick § > 0. Let ¢ (Fs) be the solution to A*(¢") = F¢. Given (T3;€), strict
monotonicity of A* ((ﬁk), for each k, implies that a solution exists, is unique and is
described by a continuous function, call it ¢ (Fs). Given that FF(¢) is continuous,

k

each k, ¢ (Fs (¢)) maps H[qﬁk,c; ] continuously into itself. Hence, by Brower’s fixed

k
point theorem, there is ¢° such that ¢° = ¢ (Fs (¢?)).

Consider a sequence {6"} >, , with 6" > 0, each n and ¢" — 0 and the associ-

k
n Y -
ated sequence of fixed points {¢5 } - H[qﬁk, ¢ ]. Compactness of this set im-
n=1 _
k

k
oo _
plies that {(]55”} contains a convergent subsequence with limit ¢* € I | [¢k, o ]
n=1 _

k
If ¢ (¢") # 0, it is easy to check that ¢* is a SSE of the actual economy. Other-
wise, ¢* is still a SSE, because (up to a renormalization) {Fjs (¢°")} | provides us
with the sequence required by the definition of equilibrium, when we cannot apply
Bayes’ rule. |

8.8.2. Euistence of interior SSE

Proof of Lemma 2. Consider the artificial economy with fixed set ©% = Q0.
The two labor markets are then independent and, evidently, in each one there is a
unique SSE ¢*. We just need to show that, for T' small enough, this is a SSE of the
actual economy, i.e., that G (6, ¢*,T) > 0, for each 0. By assumption, F*¢ (¢**,T) >
Fre (¢"°",T), while v¢ = v™ and ¢° (¢) = "¢ (¢) . Therefore, ¢°* > ¢"*, because
% > 0, for each k.

Consider eq. (8). Under Assumption 1, if ¢° = ¢"°, the term in square brackets

is positive. By direct computation, for each 6, gfe =8 7"((1:[‘3?(;2;;3” 82;?:’ > 0,

because (f€ (0) — b° (6)) > 0, each 0, and %ﬁ,ﬂ) > 0. By assumption, « (0) > 0, for
each 6. Hence, the first term of G (6, ¢*,T) is strictly positive for each 6. For T = 0,
the second term is nil. Therefore, by continuity, for T small enough, G (8, ¢™;T) > 0
for each 6, and ¢* is a SSE. Evidently, for T large enough, G(6, ¢*;T) < 0 for each
6. Hence, the set of values of T' € R, 4 such that the given pair ¢* is a SSE (and
©¢(¢*,T) = ©) is bounded above. Given that G (6, ¢™;T) is continuous in T, there
is

T* =max {T € (0,00) |¢* is a SSE at T and ©°° (¢*) = O},
and ¢* is a SSE if and only if T' < T*. [

Given an economy § € E, let ¢ be the SSE for ©° = O, and T be the maximum
value of T" such that ¢, is a SSE of the economy. By Assumption 3, T exists.

We split the proof of the Theorem into several steps. First, we show that, for a
generic set of economies, at the associated T (as defined in Lemma 2) G~1 (0) is a
discrete set. The proof is slightly different from the one of Lemma 1, also because
T is an additional variable, now. In the second step, we fix the pair (¢€, Te) of a
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given £&. We show that there is an economy ¢’ (arbitrarily close to €) and some
T¢r > Tg such that ¢, is an interior SSE of the new economy. The third step is to
show that rank Dy ® (¢, Te/; ¢') = 2. The Theorem then follows by the IFT.

Fact 1. For an open, dense subset ' C 2, G~ (0) is a discrete set at (¢, T¢),
for each £ € &'.

Proof of Fact 1.

Fix ©¢ = 0. Consider the map V¥ : [0, 8}] x R?H_ x 2 — R5, defined by

(0, 9;T.¢)

G(0,¢;T,¢)

v (9a ¢; Tv f) = 9G(8,9:T.6) )

00
9°G(0,4:T.€)
07
and replace the function ¢(#) with

c(;d) = c(0) + dS + d50 + d56°,
where d € D, a sufficiently small, open subset of R?, with 0 € D. Assume that ¥ 0.
Then, by T'T, except for a null subset of 2, ¥, M 0. Given that W : [0, 0,] xRY, —
RS, this implies that \I/gl (0) = 0, i.e., that, whenever <I>’£ (0,6;T) = 0, at each 6
€ Gg_1 (0), % # 0, for at least one n € {1,2}. This means that each
0 € Ggl (0) is neither a degenerate local extremum, nor an inflexion point. To
show that W rh 0, consider D, ¥ (0, ¢;T,&) =

v° v"e df ds 5
r4fm(4°)
BT 0 0 0
0 “Tae@ 0 0 0 ,
0 0 (1—e?) (1-eT)o (1—eT)0?
0 0 0 (1—eT) 2(1-eT)0
i 0 0 0 0 2(1—eT)

which is obviously of full rank 5. Hence, by T'T, except for a null subset of D, D',
U, M 0. Restricting the analysis to ¢ € F¢, and T lying in any compact subset of
R, we obtain that D\ D' is open and dense. Going from polynomial perturbations
to the set =, we have established that, for an open, dense subset of Z,G~1 (0) is a
discrete set at each (¢¢, T¢).

Pick an economy ¢ € Z'. Let ¢, the associate SSE at T¢. Evidently, for ¢ > 0
sufficiently small,

. B 8G(0,0, Te:€
a) if 9, € G=1(0), %be(el,eﬁ-e) > 0;

G (0,¢¢,Te;€)

b) if eh S G_l(o)u 50 |9€(9h78,9h) < 0;

. _ 0G (0,6, Tes¢ 0G (0,6, Te:c
¢) if0 e GTH(0)N(0e, 0n), %be(@’—a,@’) < Oand Mbe(ege%a) >

o0
. /. ..
0, i.e., 8" is a local minimum.

= =

Fact 2. Under assumptions 1-3, there is a dense subset = =’ such that,
for each £ € 2", there is an interior SSE ¢ (T'), for some T. Moreover, at such a
SSE, Wbm # 0, at each 6, € G71(0).
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Proof of Fact 2. Take £ € 2. Fix ¢¢ and pick any 7' > T¢. Remember that
the function G (9, G, T f) is strictly decreasing in T. Therefore,

0% (¢, T56) = {6 € ©°G (0, ¢¢,T;€) > 0}

is a proper subset of ©°, and, by continuity, nonempty, for each T sufficiently close

to Te, T > Te. Moreover, for T' > T¢ and sufficiently close to T¢, #G(:blgT;E) 0) <

Q#G@}E’ng) (0) (so that G@}E’T@(O) is a discrete set), and % # 0, for each
6 € G71(0). Also, we can pick T such that G (9@, (jbé,T;f) #0and G (Hh, be, T §) *
0. Finally, observe that (a — c) above imply that the correspondence ©¢(¢,, T’ §)
is continuous in T along sequences {I™}, T™ > T¢ each n (notice that, when
at (¢§,T§), G~1(0) contains an interval, we lose this property). Evidently the
properties just established hold for each £ in some open, dense set 2 C Z’: at each
T > T, T close enough to T, @0€(¢£, T;¢) # ©° and @Oe(céé, T; &) # (. Evidently,
the given ¢, is a SSE at T, and it is not necessarily a SSE at T' > T¢.

We now perturb the parameter v so that, in the new economy ¢’ ¢¢ is a SSE
at some T' > Te. Given that G(0,¢,T;¢) does not depend upon v, changes in
this parameter have no effect on the set @O€(¢€,T; ). Tt is easy to check that
F* ((;55, T;€) is a continuous function of (T7; &) (given that u(Lk(gbg, T;¢)) is locally
bounded away from zero). Hence, for T — Tg, @’ (qﬁE,T;f) — 0. Given that
AF ((bg, T, §) # 0 (and is T—invariant), given any € > 0, for T sufficiently close to

T there is v' € Be(v) such that ®'(¢, T e\ v') =0. [ |

Proof of Theorem 2. Pick £ € E7, and T¢ such that, at the associated interior
SSE, 2G0LMTE) |, £ 0, at each 6,, € G=1(0) N (02,01) , G (00,6 (T), T;€)) # 0
and G (0, ¢ (T),T;€)) # 0. Then, Dy ®(.) exists and is continuous. Hence, by the
IFT, there is a collection of C* functions, 6,, (¢,T;¢) locally describing the set
G~1(0), i.e., the boundary points of the set L¢ (¢, T;&). Therefore, ®(¢,T;&) is
CL.

All we need to conclude is to show that these properties imply that there is also
a dense subset Z° C = such Dy®(¢, T;€) has full rank at an interior SSE.

Pick any economy ¢ in the dense set Z” constructed in Fact 2. Let ¢ be the
associated interior SSE at T".

The strategy of the proof is the following: First, we show that (locally) arbitrary
changes in the pair (v¢,v™¢), call them d, = (d¢,d!®), can be compensated by
appropriate changes in the production functions, call them dy = (d} (dy) , d}¢ (dy)),
so that ¢” is still a SSE in the new economy at 7"”. Next, we show that we can pick
a d, arbitrarily small and such that, in the new economy, ¢ , arbitrarily close to £”,

o

det Dy®g, (¢, T";€ ) # 0 at ¢”. By definition of density, this implies that there is a

=

dense subset 2° C = suchothat, for each .fo € =°, there is an interior SSE at some
Teo with det Dy (o, Teos€ ) # 0. By iterated application of IFT, there is an open

ball V(£”) such that, for each &’ € V(¢”), there is an open ball V(T¢r) such that, at
each T € V(T¢), the economy ¢ has an interior SSE with non-zero determinant.
This proves the theorem.

To conclude the proof, we need to construct an economy & * with the stated prop-
erties, for each £ € Z”. We start defining the (finite dimensional) parameterization
of the production functions.
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Pick 6" such that G(0", ¢¢, T¢; §) > 0, and, as above, pick some open ball VZ(6")
such that, for each 8 € clVa.(0"), G(8, ¢¢, Tg; ) > 0, and a smooth bump function
1 () . For each k, define f* (0;d) = f (0) + () d’JE. By continuity, for e sufficiently
small, this perturbation has no effect on the sets Le(qﬁg,Tg;f) and L”e(¢§,T£;§).
On the other hand, its effect on the value of ®(¢¢,T¢;¢) is

Sy (0 @(O10(9)dD

‘e Vo (0%) "N/ FATITE Je
Apee ] _ ez N——
Af@ ne fV25(9*>(1—a(9))1/)(19)d19dn€
u(L7°) f

Evidently,
AR ]| A
Av@/ne _— A’!‘Lﬁ(¢ﬂ6 dne

Hence, to preserve the equilibrium, it must be
A°(¢° )M(ﬁL ) s ds
e e ve o\ & v
{df(dv)}: f()()l/)()

7 () oo (o) -t &

Let’s define

P’ (((bv 5)7 dfv dv)

() — A°() + Ap0eds — Ay 'eds
Fne(.) _ Ane(.) + Af(bne/d?e _ AU(P nedge

O(¢;€) + A (dy, dy) -

By direct computation,

A e/ 3H(Le ) 16 BAS de A pe/ 2B ) 8N(Le)
D¢A (dfv dv) =—- A gie/ 8;4( U"E?QS A (I)ne]/c 1 BA dne
f /U'Vlf' a¢ne

and, substituting into it the vector dy (dv) ,

(M%L_z LaAe)de A(9%) Ou(L) e
D A(d (d ) d ): _ u(Le)ve 09 ve 0¢° v vep(Le) o¢ne

¢ FACv)s Co) = A"C(¢7°) op(L"?) dne A"(Y") QL") | 1 QA" dne
(Lne‘)vne 8(256 M(Lne)vne 8¢ne pne 8¢ne
F(o* B (¢

where %‘22 = ﬁ 7 )8¢kq ((¢k)2 ( ))%k > 0, for each k. Given the results above,
without any loss of generahty7 ;é 0, at each 6,, € G71(0). Then, by direct
computation,

m+1

L) — T Z/

while

w(L™(é (1—2/’n+1d19>+e 7TZ:/MH (1—a(9))dy.

Hence, using the function x (0,,) , such that x (8,,) = 1 if ,, is the lower bound of
an interval [0y, 0,,+1] C ©%, x (0,,) = 2 otherwise,

O (L(P)) _ Z 1XOm) e
0" 2
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and

(L) sy T x(0m) 9
By =e 7 mz_l(l el —a (b)) (1) 9"

Then, it is easy to check that
Op (L(¢)) O (L™(9)) _ Op (L(9)) Op (L™(9))

a¢e ad)ne ad)ne a¢e
k k
Moreover, 8#(61,5@) > 0, Bugik(/tﬁ)) < 0. Hence, taking into account the results
above,
veu™e OA® 9A™  JA® A" (¢"°) O (L™¢) OA™ Ou (Le) A (¢°)
——det DgA (. ey ne+_e € ne € > 0.
dode PR ) = 5 o Y or iy 00t 0F™ a07 m(le)

We conclude showing that, for an appropriate choice of d,,, this implies that

det Dp® ((¢;€),dy,dy,) # 0.

Indeed, consider any matrix

a—aldf; b—bldg

B =
c—cad)® e—ed)

with det B = (ae —be) + (begy — aey) d© + (cby — eaq) dS + (areq — byey) dSdie. As-
sume that (ae—bc) = 0 (otherwise there is nothing to show) and that (aje; — bicy) #
0. If (be; — aey) = (cby — eaq) = 0, there is nothing else to show. Otherwise, pick

any dS such that [(bc; — aey) + (are; —bicr) dS] # 0 (this can be done because
(are1 — bic1) #0). Then, det B # 0 whenever

— (b1 — eay) dS

dre .
v ?é (bC1 — ael) + (CL1€1 - blcl) d‘z

Using the notation introduced above, det Dy A (df(d,), d) # 0 means (a1eq — bici) #
0. Then, we just pick a pair (d<,d?¢) satisfying the last two inequalities (so that

det D@ ((¢;€),ds,d,) # 0) and sufficiently small, so that the economy ¢ so ob-
tained is sufficiently close to the original economy &. |

8.8.3.  Generic reqularity of SSE
Proof of Theorem 3. Evidently, Z¢ # 0.

Assume that =777 is not dense in Zp, then we can find an open (relative to
Er) set V (§°) C Ep\EY. We start showing that there is a residual (hence, dense)
subset of V' (£°) C =577,

Fix N € N. Pick any collection of N distinct elements of (6, 60)) with rational
coordinates, O = {01, ...0,,...,0n} . Define

€ = min {mir} dist (0, 0,,) ,mindist (6,,60;) ,min (6,, 94)} .
Evidently, € > 0, and cleTs 0n) N cle_; (0,y) = 0, for each pair 6, 0,, and 6y,

On ¢ clVag (0,), for each n. Consider all the possible partitions of the collection
fn into two (possibly empty) sets, call them P; € b. Evidently, the cardinality
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of P is finite for each N. Pick a partition P; = {P;Pf} €b,, P, €b. Without
any loss of generality assume that (modulo a relabelling) P! = {61,...,0nr} and
01 < ... < Ongr If #P7 is even, define:

a. @061 (P:): [gg,eﬂU[oQ,@g]U....U[QNR,H}L],

b. ©0e2 (PST) = [91, 92] @] [93, 94] U....U [QNRfl, gNR] .

If it is odd, define:

C. ©Ue3 ( ST) = [04,91] U [92793] U....U [9]\[371,9]\73} R

d. O (Pr) = [01,02) U [03,04] U.... U [ONR,0h] -

Use ¢, ¢ = 1,...,4, to refer to the indexes above. Redefine the map ®¢ (0, 90;6)
o 0 (0,01, = (EERIG O e (646) ) o each € Rede
fine ®"¢' (0, ¢; PT, ¢, €) in asimilar way. Set 0 = [01,...,0ng) and 0° = [Ongra1, ..., On] .
Define the maps,

@ b P g = (0", ¢: PL. ()
(DE(Ha¢7P57Ca§)_|:G(9n7¢7pg‘,<—7§) fOI'nGP::|,

F (0%, ¢; P, C,€)
\I/(Q,QS,P;,Q-,&): Genv(va;anf) fOI‘?’LEPSO ,

(
0G(0,9;P7 ¢,
PCOHPLCE |, for g € PO

and

- ¥ (0%, ¢; Py, ¢,
®FY (0, ¢; P, (€)= [ G((Hy,;;PS’”,C%f&)) ] , for y=1,h.
Notice that (6',¢') is an interior SSE if and only if ®F (9“/, ¢ P, g,g) — 0 and
the associated set ©%¢ (P7) coincides a.e. with the actual set ©%¢ (¢'). An im-
portant difference with respect to the map P’ (0, ¢;&) considered above is that
d' (6, ¢;€) may fail to be C* (because g—g may not exist at some § € G~ (0)), while
V22 (9’7¢'; P, Q,f) is always C'. Also notice that

OF Ve (61) X ... x clVz (Ong) X Feo x V (£°) — R*TVE,

U clVe (01) X ... x clVs (On) X Feo x V (£°) — R¥FPN-NE

and
OFY Ve (61) X ... X clVz (OnR) X Feo x V (£°) — R*NE for cach y.

Given (P7, (), assume that, for each y, ®*¥ 0, and that both ® h 0, and ¥ 0.
Given that the dimension of the (compact) domains of @f Y()), @f (), and W¢ ()

are smaller than the dimensions of their range, there is an open, dense subset of
V (£°) such that @gy M 0, @g M 0, and W¢ h 0. This means that \Ilgl (0) = 0,
and @fyfl(O) = (), while either @fgfl (0) = 0 or Dge )@Y (.) has full rank at
each (6%,¢) € @ffl (0) . We postpone the proof that the maps defined above are
actually transversal to 0. For the time being, just assume so.

Repeat the procedure for each y and for every P; €P;. Iterate the procedure
for each possible collection Oy = {61, ...,0n} with the properties discussed above.
Finally, repeat it for each N € N. This procedure gives us a countable collection
of open, dense subsets of V' (£°). Take the intersection of all these subsets and of
the set = (i.e., the set of economies such that, given T, G~! (0) contains a finite
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number of isolated points), whose existence has been established in the proof of
Lemma 1. Define as V' (£°) the non-empty, residual (hence, dense) set so obtained.

Pick ¢ € V' (£°), and any interior SSE of ¢, (6 = G~ (0) N (6¢,04) , ¢) . Given
that ¢ € 2/, G=1(0) N (0, 0y) is a finite set, with, say, N elements. Partition the
set G=1(0) N (0,05, into two vectors (Hal,ﬁb/) , such that %b:gn =0

if and only if 0,, € 0.
We now show that, by construction, (9’, ¢/) € V. (01) x ... xclVz (On) X F ¢o,

for some vector 6, with N rational coordinates and some (P7*,(*). Indeed, let

¢ = min {mil} dist (9;“ 9;,) ,min dist (9;, Gh) , min (On, 92)} > 0.

Pick any sequence of N elements with rational coordinates {6” = (67, ..., 0% ) ooy

such that ¢ — ¢ (which exists, by definition of R). Let {€”},, be the associated
sequence of values of € (as constructed above). Evidently, e¥ — ¢’. Given that any

neighborhood V., (9/> contains a vector with rational coordinates, for v sufficiently
2
large,
(9’,¢') € Ve (01) % .. x Ve (O) X F eo.

Hence, for some (P, (), ®F (0“/,925/; Pr.c, 5/) = 0. By construction and T'T, given
¢ € V' (€°), this implies that rankDge »®F (6, ¢; Pr*,(*,&') = (2+ NR) at
(0“,¢") . Transversality also implies that ¥ (0/ @' Pre (T, §) = 0 has no solutions,

so that 0% = 0. Finally, given that ®F¥ (0“/,¢/;P;*,(*,§) = 0 has no solution,

G (0y,0;€) # 0, for y = £, h. Hence, the Thm. holds at each interior SE of such a
¢', and, therefore, all the interior SSE of & are regular, i.e., & is a regular economy.
In turn, regularity of SSE implies that there is some small open neighborhood of
economies V' (5’) such that, for each £ € V ({') , regular SSE are also described
by the same collection of smooth functions. Continuity implies that, for V (f’)
sufficiently small, each £ € V/ (E') has only regular SSE (otherwise, we could con-
struct a sequence of non regular equilibria converging to a regular SSE of ¢'. This
is impossible). This establishes the Thm. for an open, dense subset of Z.

We still have to establish the key fact, i.e., that the maps defined above are
actually transversal to 0. As we have done several times already, we compute
derivatives with respect to vacancy costs, v, and the function ¢ (). Define

N
c(0,d%) = c(0) + Y @y (0n) (d5, + d5,0) + 0 (00) dig + 0, (01 diy,
n=1

where the bump functions ¢,, (6,,) are positive only on the non-intersecting neigh-
borhoods Vs (6,,). Then, for each given (PI*, (")

S

de dgy donNr
D,® () 0 0 0
u _ Ty L.
Dio.ay®” (0%, ;) = 0 (1-e7) 0 ,
0 : ' :
0 0 (1—eTT)

35



D(v,d)\IJ (97 ¢7 5) =

I dv donpy1 don diN Rt T din 1
D(Uyd)fbf 0 0 0 0 e 0
0 (1—eT) 0 (1—eT)o :
(1—eT) 0 o (1—eh)o |
0 (1—eT) 0
L0 0 0 0 0 o (1-eT)
and
dv dg,
D(v,d)(I)Ey (93 ®; g) = D(v,d)q)sE 0 , for y=1¢h.
0 (1—eT)
Given that rankD,®’ (0%, ¢; PI*, (", &) = 2, all the matrices above have full rank.
Hence, all the maps are transversal to 0. |

8.4. Appendix 4: Proof of Theorem 3

Proof of Theorem 4. In this Appendix, to avoid possible misunderstandings,
we will denote Q0¢, Q¢ etc. the sets chosen by the planner. Also, we are still
replacing ®qoe (¢;€) and @ (¢; &) with $go. (¢;€) and @' (¢;¢), defining now the
maps F* (Q’w‘) in the obvious way.

Consider the set 2" of the economies such that every regular interior SSE alloca-
tion, if it exists, is not WCPO. As above, we proceed by contradiction showing first
that = is dense in Z. Assume that there is some open set V (£°) C Z\Z . With-
out loss of generality (in view of Thm. 3), we can assume that each £ € V (£°)
is a regular economy with SSE described by a collection of smooth functions

(¢1 &), ., N (5)) Consider the SSE described by ¢' (€) . Regularity also implies

that, for each £ € V (£°), the correspondence G~! (0) evaluated at (¢1 (€),€) is de-
scribed by a finite collection of smooth functions (01 (¢1 (£) ,f) s O01 (¢1 (€) ,f)) .
Moreover, at each SSE G(6y, ¢' (€),€) # 0 and G (6, " (€),€) # 0.

To avoid unnecessary problems, it is convenient to restrict further the optimiza-
tion problem of the planner, by requiring that

1. the set 92°¢ has the same structure of the set ©°® associated with the SSE,

2. the interior boundary points {61,...,0)} lie in some small non-intersecting
open neighborhoods of the SSE boundary points.

For instance, if ©°* = [0, 5] U (057, 0,) U " [05,,0%,,1] , the (modified) plan-
ner’s optimization problem is

(01,....,0m,9) € argmax P(01,...,0ui,¢) subjectto Pgqoe (¢;&) =0 (11)
0y, —e < 0, <80, +e¢, for each m.
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Evidently, (11) may not have a solution (because the constraint is not compact).
However, if the SSE is WCPO, the SSE vector (67, ...,03,,¢") is also a solution
to the stated optimization problem. Our approach is to show that the necessary
FOCs of (11) are typically violated at a SSE. This immediately implies that the
SSE is not a solution to (11) and, a fortiori, that it is not WCPO.

The FOCs for an interior solution to the Lagrange problem (11), maxA (01, ..., 01, ¢,0) ,
are given by

0P 0e (658
%:(%k 6’“%-0 each k,
1. 6‘99/\ = - 5kM =0, each m,

111. 85 = <I>'QOE (¢;6) =0,
where (6%, 5’”) € R3 is the vector of Lagrange multipliers.
The complete system of equations defining a SSE is given by

a.  ®($£) =0,

b. G (O, ¢;€) =0, each m.

We now show that, for a generic set of parameters &, if (64, ...,0n7,®) solves
(a — b), there is no strictly positive vector of Lagrange multipliers such that it also
solves (i — i11).

Define the transformation ¥ (6, ¢,0;¢) : RI‘LFH x V (£°) — R2M+4 | given by

BA

U (0,0,0;§) = o0 foe gch?m
G (Om. ¢:€), eachm

Evidently, a WCPO allocation must satisfy W (6, ¢, §; £°) = 0. Indeed, the first three
blocks of (M + 4) equations are the FOCs a WCPO allocation must satisfy. The
last M equations must be satisfied for (01, ...,01) to be the set of (local) threshold
values at the SSE. Assume that W (0, ¢,0;&°) M 0. Then, for each £ in some dense
subset of V' (£°), W¢ th 0, which implies that \I/gl(O) = (). Hence, our proof reduces
to show that W (0, ¢,d;£°) h 0. By direct computation, D(s.¢) V¥ (0, $,0;£) contains
the following submatrix

r do° dome dve dv™® dc dp T
. x 0 0 0
a@ne/e
0 5 q;Zfl 3@9/ * 0 0
0 0o L 0 0 :
aone.
0 0 0 oa 0 0
92A 92A
* * * * 90ddc 300dp
aGM aGM
. 0 0 0 0 ddc odp |

where "*" denotes (possibly) non-zero coefficients, while the first row reports the

variable we are differentiating with respect to. The meaning of (dd, dv) is clear. The

. . . oL, e
associated columns are linearly independent because (‘;” <0 and 2 “0 < 0, each

k. The last two variables denote derivatives with respect to parameters affecting
the functions (c(6), f¥(6),b% (9)). Pick a collection of M open balls of radius e
centered on 6, Vz (0,,) , such that Vaoe (0,,) N Voo (0nr) # B, for each pair 6, and
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O . Also, pick a collection of smooth bump functions v,,, (8), such that ¢, (6) =1
for 0 € V. (0,,), ¢, (0) =0 for 6 € Va, (6,,) . Define

c(0;de) = c(0) + >, (0) de,,

m

fe(0;dy) +Zw dy,.,

and

be(0;d,) = b(0 +Zw dy .

Bear in mind that these perturbations have no direct effect on the functions F*(.),
each k. Let GM(.) = [G(61,.),....G (0u,.)]. Clearly, Ds.GM = (1—€7)[1],
where [I] is the M x M identity matrix. Given that

or xwm)T{ . <M —eT - %)]
S = (-1 e T (1,0, 0;8) P ((be) + (1 e” e} (Gm)) v+ e (d)’ne)
Z(sk 8(b90e ¢ f)
we have
. (_1))((91) . 0
ei’yT (1 — €’YT) .
{E)Qadc] 0 L (_I)X(QM)

Given that [g. ¢(6)df does not directly affect the first four rows of Wy, (¢,4;€),
the structure of column dc follows immediately. Consider now the last column. By
direct computation,

e « (01) P 0
Dy, GM = pr(¢°) —~ . . :
v+ B (¢°) 0 i)
Given that GFZEZ’“’“) = 8A;(1(jk) =0, 65;30 = 8;2;26 = 0. Given that
oA ve= T < . . ore ( Lo . e) e)
o T ew? U ) —0b°(0) — o~ — do
a¢e (fy_‘_ﬂ.e (¢€))2 \/@Dea( ) (f ( ) ( )) a¢e + (b 8¢e 0 T (¢ ) v

5 0o (6:6)
0¢°

8562—3/\% = 0, by construction. Evidently,aqﬁi%gdw = 0, because % does not depend
upon (f¢,b° ¢). Finally, by direct computation,
. (—1)X(91)a 6,) --- 0
[2h ) ern) 2 . | |
000d ~v+ 7 (¢ : B :
ks () 0 co (=X (B,)
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Given the structure of D5 ¢V (0, 6,0;&), to prove that W M 0, it suffices to show
that the bottom right 2M x 2M matrix has full rank. Divide the first M columns
by (1 —¢e"), column (M + 1) by o (61) , column (M + 2) by a (62) . Finally, divide
its first row by e~ 77 (=1)X(91) | the second row by e~77(—=1)X(?2) and so on (up to
row M). The matrix is now reduced to

m(¢°)—y
e ]
m(¢°)—v
r e

Given that 8 < 1, this matrix has obviously full rank 2M. Hence, ¥ rh 0 and,
therefore, by T'T, there is a dense subset D! C D such that \Ilgl(()) = (). Given that
Te (0,¢,0) : RYFY — R2M+4 ] for each economy in this dense set, ¥ (6,¢,5) = 0
has no solution. Regularity of the SSE immediately implies that D' is also open.
Given that the number of equilibria of £ € V (£°) is finite, we can iterate the
same procedure, obtaining a finite collection of open, dense subsets of D, call them
D', ...,DY. Their intersection is also an open, dense subset of D. Hence, all the
regular SSE of economies in this set are not WCPO. This contradicts our initial
claim and, therefore, =7 is dense. Regularity of SSE immediately implies that =”
is also open. |

8.5. Appendix 5: Two special cases
Proof of Lemma 4. By direct computation,

oG _ Oa rw@)ﬁfe(e) ﬂ(¢"e)6f"e(0)]

96— 00 | r+pm(ef) rtpm(d™)
m(¢°) B 9f°(6)

r+ pr(¢°) 00

Multiplying by # and rearranging, we get

oG m(¢)Bf(0)  m (™) B (6)
0% - na(a)a()|:r+ﬂﬂ_(¢e) 7"+ﬂ77(¢ne) :|+

7 (¢°) Bf°(0) .
e (0) [a(e)w +(1—-eT—al()

m(6")8_9f™(0)

+(1_6TT_a(9>)T+/BW(¢n€> 90

+a (0)

m(¢") B () nyne (6)
r+ B (9") e (0)

If ., (0) > 0 the first term is positive. When nﬁf:((:)) =
brackets is G (6, ¢) and it must be nil at each § € G (0). Hence, this term is

-, ne (0 .
positive as long as ane((e)) < 1. Therefore, under the assumptions of case a, % >0

1, the second term in square

at each § € G~ (0) . This establishes the first claim. The second is similarly proved.
]

Proof of Proposition /. Remember that the maintained assumptions are
9G

det Dg@' (.) > 0 and 615—; > 0. In the case of complementarity, 57 > 0 at
6 € G71(0). Hence, by applying the IFT to the map G (6, $;€), at 6° € G~1(0),
807 99 90* 90T 90T Q0* 99 90T 20T  90F 99"
9gF  Dgme  Ofc 9fne D¢ da  0bc  Db"e  duF  Ome  Omne
- + - F 4+ - - + 0 + -

In the sequel, we just present the explicit values of the vectors V¢¢, as computed
applying the IFT to the map ® (¢;¢).
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v£¢€ v£¢n€
Fe( )[OF"e 20* _aA”e]_ DA™ HFE §o* _QE"C 90% pe( ) 2A° OF"C 90
AV )| 790 Do Gore D6 D6* OfC 0% DC )T 54% “o90*_Of°
! —det Dy® —det Dy®
_OA™C 9F° 96* _ 9F° 96* Fme() [aFe 26* 78A6]Fne( )78A8 AF™C 96*
V ne opme 96* ofne 96* oomnc N 860* 9¢°¢ Era N dpc 80* ofmne
f — det D77,<I> —det D(gfb
__DAMTC gFe po* __DAC 9FMC po*
V dpMEe 50*  Idc 9¢c 90* dc
c —det Dy® —dot Dy ®
_QA™C 9F° 90* _OA° OF™C 96*
v 9TC 90* oa 9% 90 da
o —det Dy® —dot Dy ®
_[31-“”5 20* _aA"e]_aA"E OFC 96* OF"C 90* 9A° 9F"C 90*
Ve 90%__0¢TC _ gone DPTE HOF DbE 90%__0¢° _ 04° _90*_ 0be
be —det Dy —det D, ®
FC 90* _QA™C 9FC 90* _[2E® 20* —g4c]_gac aFne 20*
Vine 90% DoTC __9TC 90 dbne 96% 0¢C __9° 54 _00*_obne
bre —det D@ —det Dg®
—[ofne oor. _ganc] r+Bm(9°) aFme po* r+Bm(4"°)
\V4 00*% 9¢mc  9¢me | (1—-B)q(¢®) 90* 9¢¢ (1-B)q(¢™®)
ve —det Dy® —det Dy
are _pg* rtBm(e™ _[aFe 26 _HAe] r+Bn ("¢
\Y 06% 2™ (T—Fa(@"°) 00 0¢7 9¢-1(1-F)a(e™?)
vme —det Dy @ —det Dy @
7[6F"“ 20 __ 9Ame ] QA° _9A™C 9F° 80 QF™C 90 9A™C 9AC JF"C 9o
V. 90 DGMC _ THTC | 5qT _ 0TC 96F Dq° 907 D4C Dq°_ 94T _08F Dq°
q —dot Dy ® —det Dy, ®
OF® _980 9A™C 9A™C 9F° _86 7[61?5 26 _ 9A° ] QANC  9AC 9FMC 96
Vo 507 DT 9qTE — GHTE ‘567 Hane 507 DHT — 99T | 547 — 59T “06F Bane
q —det Dy® —det Dy ®
|
Proof of Proposition 5. Now, we have
26" 20~ 00 00* 90* 90* 90* ol 90* ol 00*
ope 0™  Ofe  Ofne dc da obe  o9bne  Gvk 9me  Onne
+ - + - 4+ 4+ 4+ - 0 - 4+
The result follows immediately. |
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