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Abstract

Mobility depends essentially on investment, which often occurs in
environments in which individuals match (school) or will match after
investing (the labor market). Where partners can transfer surplus to
each other only imperfectly (NTU), the pattern of matching will typi-
cally be ine¢cient, providing a possible justi..cation for “associational
redistribution™: a social planner who could enforce a matching out-
come that dizers from the market outcome may raise aggregate social
surplus. We show that this static ine¢ciency due to NTU can be ex-
acerbated in a dynamic environment in which individuals’ productive
types are determined by investments made before they match. In con-
trast to TU models, which always have an e¢cient equilibrium, there
will typically be investment distortions, with high types over-investing
and low types under-investing; this result occurs despite symmetric
information about types. Moreover, if investment itself takes place in
a matching environment (e.g. schools), the exects can be further mag-
ni.ed. We study the timing of associational redistribution policies,
assessing the dicerential ecects of early-stage and later-stage policies
as well as complementarities between them. We discuss implications
of our results for inequality, intergenerational mobility, underclass phe-
nomena, and possible policy remedies such as school integration and
a¢rmative action.

1 Introduction

The allocation on the labor market determines incentives for education ac-
quisition, both in terms of worker assignment and market wages. Distortions
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of the labor market allocation, for instance due to moral hazard problems
both within ..rms and between borrowers and lenders, thus have repercus-
sions for individuals’ decisions on education investment. On the other hand,
qualities of the education investment environment may in turn azect the
labor market allocation through the distribution of educational attainment
present on the labor market. That is, education acquisition and labor mar-
ket are intricately linked, so that emects of market frictions and potential
remedies on one cannot be analyzed without considering the other.

This paper studies a model in which individuals match into ..rms on
the labor market based on their productive types that are determined by
investments made before they match. Within ..rms agents jointly produce
output according to a production function that has increasing dizerences in
agents’ investments. While individuals’ types are publicly observable, ..rm
members face a moral hazard problem that induces dependence of surplus
size and surplus distribution between ..rm member, that is utility is non-
transferable (NTU). This market friction implies segregation in investment is
always the labor market outcome.® Since higher investment by ..rm members
increases potential surplus and thus reduces incentives to shirk, the cost of
the second best contract decreases in ..rm members’ investment levels.

The non-transferability has a twofold ecect on investment incentives:
an exclusion ecect that leads agents with high investment cost to under-
invest and leave the industrial sector, and over-investment by agents with
low investment costs due the decreasing ..xed cost of moral hazard in invest-
ment. Investment choice inequality exceeds initial inequality in investment
cost types between agents who match into industrial ..rms and those who
stay solitary. Among agents in the industrial sector investment inequality
falls short of initial inequality. The between-sector-inequality in investment
choices is exacerbated as the scope for moral hazard grows interpretable as
higher complexity of the industrial task. If investment cost and parental
investment choice correlate this enables persistent investment inequality in
a growth model, possibly ozering a dynamic reason for integrative policies.

Over- and under-investment can also occur in a second best sense as pa-

1 Some evidence for this is provided by Dunne et al. (2004) who ..nd that wage dispersion
between plants exceeds the one within plants for US manufacturing ..rms. lIranzo et al.
(2008) on the other hand ..nd the contrary for a large data set of Italian manufacturing
..rms pointing to mixing into ..rms on the labor market. In contrast to the US wages in
Italy are generally determined by centralized bargaining in each industry sector.
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rameter constellations exist such that aggregate social surplus increases if a
social planner could enforce a matching outcome that entails some mixing.
This provides a possible justi..cation for “associational redistribution™ on
the labor market. Such associational redistribution has to be accompanied
by adequate tax-subsidy schemes to ensure appropriate investment incen-
tives, however, making it an informationally demanding policy.? In contrast
to an incomplete information model of statistical discrimination based on
self-ful..lling prophecies (as for instance Coate and Loury, 1993, Mailath
et al., 2000), associational redistribution on its own does not generally suf-
..Ce to restore eCciency in the present setting since undereducated agents
indeed face high education cost. Likewise, pure tax-subsidy schemes that
condition on investment or ..rm output cannot achieve an increase in aggre-
gate social surplus since under segregation the labor market induces e¢cient
investments conditional on an individual’s match.

If investment itself takes place in a matching environment (e.g. schools)
policies may also involve associational redistribution at the investment stage.?
Assuming there exist peer ezects inducing a positive linear cost externality
we ..nd that a move from schools that are segregated with respect to stu-
dent investment to an integrated schooling system may raise aggregate social
surplus even if segregation on the labor market is e¢cient.* That is, there
exists a justi..cation for school integration on the grounds of raising aggre-
gate social surplus even when both production in ..rms and peer ecects at
the school stage exhibit increasing dicerences.® A similar point arises when
considering the problem of resource allocation among students: we ..nd that
over-proportional spending on weaker students tends to raise aggregate so-

2 A policy retecting associational redistribution on the labor market is a¢rmative ac-
tion, i.e. positive discrimination based on observable characteristics correlated with edu-
cation cost. Empirically, the relationship between a¢rmative action on labor market and
output e€ciency remains inconclusive (see e.g. the survey by Holzer and Neumark, 2000).

®Examples are busing, school desegregation, or relocation such as the moving to op-
portunity program — neither of which seems to have had much of an impact (see Rivkin,
2000, Katz et al., 2001, Sanbonmatsu et al., 2006)

“Note that also teachers may segregate, that is schools in districts populated by
poor and minority households have systematically lower teacher quality as reported by
Hanushek et al. (2004), Boyd et al. (2005) for the US and Bonesrgnning et al. (2005) for
Norway. Hanushek et al. (2005) provide some evidence that teacher quality indeed acects
students’ academic achievement.

>This seems to be particularly interesting given the large variation between countries
documented in the PISA study (OECD, 2007) in the correlation between children’s educa-
tional outcomes and their parents’ socioeconomic status. This is consistent with variation
of early-stage policies across emphasizing or de-emphasizing segregation at school.
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cial surplus.®

Methodologically we employ a one-sided non-transferable utility match-
ing market with a continuum of agents a la Legros and Newman (2007) to
model the labor market. Before entering the labor market agents choose
their investment based on individual investment cost type and anticipat-
ing the labor market outcome. On the labor market matching is either into
coalitions of size one (a basic task giving output linear in investment) or size
two (industrial ..rms where production has investment complementarities).

This work is connected to a number of theoretical contributions ana-
lyzing investments prior to assignment markets. Felli and Roberts (2002),
Cole et al. (2001) ..nd near e€cient or e¢cient investments always to be in
the equilibrium set when utility is perfectly transferable. Peters and Siow
(2002) consider investment prior to two-sided matching markets with com-
pletely non-transferable utility, ..nding the resulting allocation to be Pareto-
eCcient. In a similar setting Peters (2006) ..nds over-investment when the
matching pattern is ..xed exogenously to positive assortative. Bidner (2007)
and Hopkins (2005) also ..nd investment distortions in a matching-cum-
investment setting. In contrast to the present framework their ..ndings rely
on asymmetric information, where over-investment is generated by wasteful
signalling. Gall et al. (2006) ..nd in a setup similar to the present model, but
where production has decreasing dicerences, that optimal timing of educa-
tion acquisition, that is before the market or within ..rms, depends on the
degree of market imperfection. More elaborate models on sorting and hu-
man capital acquisition are Bénabou (1996) and Epple and Romano (1998)
who analyze school and neighborhood choice in the presence of peer ezects.

This paper is organized as follows. Section 2 presents the framework
and section 3 derives the labor market equilibrium and investment choices
when there is moral hazard. In Section 4 we examine suitability of a num-
ber of policy instruments with respect to aggregate surplus while section 5
concludes. The more involved proofs can be found in the appendix.

®Resource allocation can be interpreted as the choice between centralization and de-
centralization of school ..nance Hoxby (1996). Card and Payne (2002) ..nd that after
the ongoing decentralized system of school ..nance was declared unconstitutional in many
states of the US the subsequent more equal spending on schools was retected in a more
equal distribution of SAT scores.
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2 Model

2.1 Agents

The economy is populated by a continuum of agents 1 endowed with unit
Lebesgue measure. An agent i 2 | is characterized by education cost type
Wi 2 [u; u]. Assume for now that education cost types are given exogenously
and their distribution F(u) is dicerentiable and has full support. Agents
have the opportunity to invest in education e; at a cost

e .

8|J.i '
that depends negatively on own education cost type. Therefore higher types
are associated with lower cost. Based on education choice agents enter the

labor market and match into ..rms. An agent’s utility is linear in monetary
income from wages.

2.2 Production

A pair of agents (i; j) with educational attainments e; and e; may form an
industrial ..rm and jointly produce output. Production in ..rm (i;j) may
either succeed yielding output y or fail, in which case output is 0. Let

y = Pegy:

The probability of success depends on agents’ ecorts within a ..rm. An
agent may either exert exort or shirk. If both agents exert ecort the success
probability is 1, otherwise it is 0. Exerting ecort causes a disutility of 1.
Agent i’s utility from choosing e;j, exerting ecort in a ..rm and obtaining
wage w; with certainty is

&

uei) =wiili B
Ewoort is not observable. There exists, however, a monitoring technology
that detects, with probability q; whether a worker shirks (q is the same for
both workers and detection of one is independent of the other’s ecort). The

monitoring device comes at a monetary cost ¢cM (A; q) that depends on the
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quality of monitoring q 2 [0;1] and on a parameter A _ 0. Suppose
cM(A;q) = Ag:
Given a choice of g and a wage w an agent has an incentive to exert ecort if

£

wil_(ligw.,w é; 1)

since education choice is sunk. The sum of wages in ..rm (i; j) have to equal
output so that
Wi +Wwj = p?ej i Ag: 2

If A > 0 condition (1) must hold with equality, since otherwise there is scope
for Pareto improving reorganization within the ..rm. Therefore q is given by

g=— - ®)

— minfw;; wjg’
This means the monitoring cost minimizing and output maximizing wage
pro..le splits the surplus, that is w; = w;j. Denote the optimal monitoring
intensity when output is shared equally by g°(y). Using (2) it is given by

P—
sy Y i Y2iBA
Q@) = @
The industrial production technology is interpreted best as relying on coordi-
nation ecorts that are hard to measure. Human capital input determines the
scope of the project, and thus high education translates into high-powered
incentives requiring only a low intensity of monitoring.

Additionally, agents have access to a basic technology that does not re-
quire teamwork. Equally, the basic task may allow costless monitoring of
ecort or output because it requires less sophisticated organization of pro-
duction. Output generated by an agent i employing the basic technology
IS .

— >~
yB(ei) = 7
For simplicity assume ecort cost to be zero in the basic task.
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2.3 Timing

The timing of events in the economy is as follows.

(1) Nature chooses education cost types.
(2) Agents choose education levels.

(3) Labor market opens, ..rms form and choose wages and monitoring
intensity.

(4) Agents choose ezort levels within ..rms.
(5) Monitoring result is realized, wages are paid.

(6) Output is realized.

At the labor market stage there is perfect information on agents’ educa-
tion choices and team composition. Wage contracts can also condition on
the outcome of monitoring and monitoring intensity. That is, competition
is for education levels in labor contracts. Agents enter the labor market
without cash holdings, all payments within ..rms have to be funded by the
project’s output.” When acquiring education agents rationally anticipate
the labor market outcome.

2.4 Equilibrium Concept

De..ne now formally the equilibrium concept for the model economy. Let
F (1) denote the set of all partitions P of the agent apace | into coalitions
of size jPjj - 2 for all P; 2 P. Now it is convenient to introduce the notion
of a labor contract. A labor contract (wj;w;j)(ei; ej) Speci..es success wages
of agents i and j in a ..rm (i; j) with education levels e; and e;. The set of
feasible labor contracts w'(e;; ej) speci..es all wages (wj;w;]) in .rm (i; j)
such that both incentive compatibility (1) and feasibility (2) hold. Likewise
wB (ej) = ej=4 de..nes wage of an agent with e; in a basic ..rm.

De..nition 1 An allocation of education investments e° = (ef)izi, a mea-
sure consistent partition P® 2 F (1), and wages w® = (wj)i2; is called an
equilibrium if

"This assumption ensures that segregation is the labor market outcome. Dropping it
would not change the bene..cial role of associational redistribution at the schooling stage.
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(i) for all i 21 either wi = wB(e;) if fig = P? or (w;w;) 2 w'(ef; €])
if fi;jg = P=.

(i) wi . wB(e]) for all i 2 1 and there does not exist w’ 2 w'(ef; €]) &
(wi; wy) such that ui(ef; wd) > ui(ef; wi) and ui(e]; wj) > ui(e; wy).

(iii) for all i 2 1 there are no w’ 2 w'(el;€}), €] 6 ¢, j & i 2 1, such
that u;(e}; w}) > ui(ef; wy) and uj(ef; w}) > uj(ef; wj) and there is no
e & e such that ui(e); wB (e})) > ui(e]; wf).

(iv) for all i 2 I there is no w' 2 w'(e?;e%), el & ef;e% & €], such that
ui(el; w) > ui(ef; wi) and ui(e}; wi) > ui(es; wy).

This postulates that in equilibrium payows are feasible, the labor market
outcome is a stable match with respect to the chosen education investments,
that education investments are individually optimal given the labor market
outcome, and ..nally that a pairwise deviation in education investments
is not pro..table for both agents. The latter ensures that the equilibrium
investments are unique, since it is well known that in models with ex-ante
investments, coordination failure may lead to multiple equilibria in which
only individual deviations are allowed (e.g. Cole et al., 2001, Mailath et al.,
2004, Nosaka, 2007).8

2.5 Benchmark A=0

In a frictionless world monitoring is costless, that is A = 0. In this case
g = 1 and joint surplus in a ..rm (i; ) is given by

2
oy Poe o, &
Wu(eisey) = eieleIS_LlliIS_lej'

Optimal education choices in a ..rm (i;j) satisfy e; = Zpis:“ujl:“ and gj =

Zp?:“pil:“. That is, joint surplus depends on education cost types p; and y:

p__
Y(uis W) = Hiky 1 2

8 Alternatively, one can interpret our analysis as focusing only on the "best" equilib-
ria. As we shallshow, there is still a potential bene..cial role for policy, unlike in the
corresponding transferable utility case.
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Since ppi—uj has increasing dicerences in its arguments segregation max-
imizes aggregate surplus. The industrial technology yields higher surplus
than the basic task if |; j 2 > pj=4. Hence, in the benchmark allocation
agents with p; - 8=3 =: [\’ use the basic technology, and agents with p; > fi"
match into homogenous industrial ..rms.® Optimal education choice is

w0
eo N — i [
) 2u; if > ﬁo

The decentralized labor market reaches the benchmark allocation since when
A = 0 utility can be transferred perfectly. Indeed, once education choices are
sunk, the labor market is segregated because the total surplus is supermod-
ular in educational attainments. Anticipating segregation, an agent with
educatin cost p maximizes e=2 j 1 j e2=(8y) and therefore chooses e(i) = 2u
obtaining a utility of p=2 j 1 in ..rms. Alternatively, the agent could in-
vest in order to choose the basic task and in this case invest e to maximize
e=4 j e?=(8y), or e = y giving utility of u=8. An agent’s optimal decision in
the decentralized economy is therefore ..rst-best.

3 The Economy with Moral Hazard

Suppose for the rest of this paper that the economy suzers from frictions,
that is A > 0. To solve for the equilibrium allocation we proceed back-
wards in time and start with the labor market matching based educational
attainment.

3.1 Labor Market Matching

On the labor market agents match into ..rms based on their education choices
ej, or are employed in the basic task. Since higher education implies less need
for costly monitoring one might expect possible gains from trade between
high and low education types that lead to heterogeneous ..rms. The following
proposition asserts that this is not the case.

®Note that the cutor (I depends on the matching pattern. Increasing dicerences implies,
however, that any matching pattern other than segregation in education cost type can be
reorganized into segregation yielding a strict increase in aggregate surplus.
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Proposition 1 Agents in the industrial sector segregate in educational at-
tainment for all A _ 0.

Proof: Suppose agents i and j with educational attainments e; & ej match in
equilibrium and share the output according to wages w; and w;. Let e; > ¢;
without loss of generality. Wages w; and wj must be incentive compatible
and individually rational. Denote the cost minimizing detection probability
at wages w; and w;j by q(w;i; w;j) given by equation (3).

Both i and j must ..nd their wages pro..table compared to their segre-
gation payoss, that is

Pee i A¢(eisen Paie i A(esiey)
- 5 and wj . 5 :

Wi (5)
Since the lower wage determines q we have that g°(ej;ei) < q(wi;w;) -
q°(ej; j)- Note that pﬁ i Ag(wi;wj) - q(TZWJ) since q°(ej; €j) is de..ned
as the minimal incentive compatible detection probability in a (ej; ;) ..rm.
Incentive compatibility in the (i;j) ..rm requires wj _ 1=q(wij;w;j), so that

Py i Agwiiwj).
Wj . .
2
Aggregate payowms in a (i;j) ..rm must be feasible, w; + w; = p?e,— i
Aq(Wi;Wj). Using the ..rst part of (5) we have that

Pee i A(eie)
> :

Peiey i Agwi;wp) i wj .
Combined with (6) this yields

Pe + Poe  Agwiswy) i Ag°(eisen) -0
2 - 2 ’

0> P

a contradiction. Hence, matches of agents that are heterogeneous in educa-
tional attainments cannot occur in equilibrium. o

Intuitively, although gains from trade may exist they cannot be realized
due to the non-transferability. Agents choosing low education would have
to compensate agents with high education. This requires low pro..t shares
for the low education agents in mixed ..rms, which ozsets the e¢ciency
gains from possibly lower monitoring intensity. In some cases, incentive

10
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compatibility of the low type cannot be satisi..ed while paying the high type
his opportunity cost.

3.2 Education Choice

When choosing educational attainment agents correctly anticipate the labor
market outcome. Since there is segregation for industrial ..rms output is
shared equally and monitoring intensity is q°(y) with y = e where e is the
education level common to both agents. In a rational expectation equilib-
rium an agent i’s expected payo= from education choice e is

@ = T E AR e

4 8|J.i

if i expects to be matched into the industrial sector. If the agent anticipates
participating in the basic activity, his expected utility is instead p;=8. The
necessary ..rst order condition is

e e2 {8A Wi
Checking the second derivative reveals that the necessary condition is su¢-
cient as well and (7) implicitly de..nes the optimal education choice e(y;) in

an industrial ..rm. Note that

St P> 8
e e2 j8A € ®)

and therefore e(;) > 2u; = e°(l;).

Lemma 1 There exists a unique ﬁA such that agents with ; - ﬁA are em-
. . . NA . . .
ployed in the basic task, and agents with p; >[I match into industrial ..rms.

This means when A > 0 education choice is given by

) A
Hi if i - {1

Apiy — ,
« ) e() if i >0": e(u) de.ned by (7):

©

The following proposition compares the laissez faire market allocation with
the benchmark allocation.

Proposition 2 Properties of the market equilibrium allocation:

11
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Figure 1: Investment Incentives

(1) Participation in the industrial sector is lower in the market than in
. 0 _AA
the benchmark allocation, i <{I'.

(i) Agents with p; 2 [i;"] under-invest in education compared to the
benchmark allocation, eA(pi) < e%(y;), while agents with p; > ﬁA over-
invest, eA(li) > e%(ui).

(iii) Absolute over-investment eA(y;) j €(ui) decreases in i for pj > ﬁA

Figure 1 captures the intuition of our results. It depicts individual mar-
ginal cost and marginal product of education. The dashed lines represent
marginal cost ﬁ'Li of education cost types ﬁo and ﬁA. The dotted lines show
marginal product of education in the industrial sector when A = 0 (upper
line) and in the basic sector (lower line). The solid line gives the marginal
product of education on the labor market when A > 0. Ate =" 8A it tends
to in..nity and as e grows out of bounds the marginal product approaches
its benchmark value 1=2.

The market friction induced by the moral hazard problem in ..rms azects
the marginal product of education in industrial production. For very low
education choices monitoring cost makes industrial production unpro..table

12



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

thus decreasing incentives to acquire education. For intermediate educa-
tion choices acquiring more education lowers monitoring cost thus boosting
education investments. As output gets large monitoring becomes less impor-
tant and education incentives given by the marginal product of education
approach the ..rst best benchmark.

3.3 Positive Analysis

First we are interested in whether the labor market equilibrium ampli..es
type inequality. That is, is the distribution of education choices more un-
equal than the education cost type distribution? This may have a large
range of implications for a dynamic economy where this generation’s educa-
tional attainments is at least instrumental in determining their oospring’s
cost of education (see e.g. the survey by Heckman, 2008, who argues that
evidence points to positive correlation of parental attainment and their oo-
spring’s educational cost type). Indeed we ..nd an ampli..cation ecect of the
labor market.

Proposition 3 (Inequality) There is an inter-sectoral education gap as
agents with ; 2 [u; "] choose eAu;) - " and agents with y; 2 [f}; §] choose
eA(uy) > 20" > eAqu).
Within the industrial sector inequality is decreasing: 8;j; un 2 [ﬁ; m

pn _ €A(n).

i =02 T A y)

Proof: The ..rst part is immediate from (9). To show the second part note
that for p; ﬁA by the ..rst order condition (7)

Ary. Aryy. A A
e(HJ):1+p e (k) 1+ p €n)  _ €7(kn),
Hj eA(Hj)? i 8A eA(un)? i 8A  Pn
since n > |Yj. o

That is, inequality across sectors is ampli..ed, but within the industrial
sector inequality decreases as agents with lower education cost type catch up.
Trivially, within the basic sector inequality remains constant as eA(pi) = |
for all y; < uﬂ". This may point to a dynamic reason for associational
redistribution using negative matching at the schooling stage.

13
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Next we characterize types of industry we would expect to be most heav-
ily acected by the moral hazard problem.

Proposition 4 (Technology) Suppose monitoring becomes more costly,
that is A increases to A0 > A. Then eA(n) < eA'(u) for p . ﬁAO and
eA(u) . A’ (n) for p < p , that is given A’ investments increase for agents
who match into industrial ..rms and decrease for agents choosmg the basic
task. Participation in the industrial sector decreases, p < pA

Proof: Note ..rst that eA(pi) = ; using the basic technology for p; - ﬁA
independently of A. Consider now an agent i with education cost ji; > ﬁA(A),
where we make explicit in this proof the dependence of the education level on
A. Since the function (e+ €2 j 8A)=2j 1 j e2=(8y) is supermodular in e; A,
Topkis’ theorem implies that in an equilibrium allocation, the educational
choice eA(u;; A) is increasing in A. The cutor value ﬁA(A) is de..ned by

eAu; A) + p@“(u;/&)2 i 8A A A
4 1 8u

H
=14+ =
81

By the envelope theorem, the left hand side is decreasing in A. It follows
that ﬁA(A) is increasing in A. This proves the statement since eA(1;)(A) =

Hi < e(y;) for p; < u and thus an mcrease in A to A” implies a strict decrease
in eA(y;) for all i 2 1 with p << u . o

As the cost of monitoring increases, avoiding monitoring by increasing
education becomes more pro..table and thus returns to education in indus-
trial ..rms increase. Since the cost of monitoring increases nevertheless,
previously indicerent individuals must now prefer the basic task and there-
fore participation in the industrial sector decreases. That is, technologies
that require inputs that are hard to measure (e.g. human capital intensive
technologies that mainly require coordination ecort) will suser most from
the contracting friction. If A can be amected by policy such as contract-
ing law, for instance, this may provide an ecective instrument to improve
welfare.

3.4 EcCciency

Let us now determine the allocation that maximizes aggregate output when
A > 0. Note ..rst that within ..rms the cost of monitoring is minimized

14
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if surplus is split equally and g = g°(y). Since education investments are
endogenous, start by deriving e€cient investments conditional on abilities
Wi and y; of matched agents i and jwho split the surplus. The optimization
problem in the ..rm is

o p?ej+ peiej i 8A . ei2 ) ej2 ) (10)
eiej 2 1oy ! 8uj
First order conditions yield
ef = “=’_ei2: (11)
Mi
De..ning the cost ratio as - := ppjzpi, we have that
g
.e2 _
i e
1+ g——— = —p=: (12)
62 j8A M -

Denote the solution to this equation by e”(;; ;).

Proposition 5 (i) The labor market induces e@cient investments condi-
tional on the match obtained on the labor market, eA(pi) = e”(Ui; Mi)-
(i) There exists p© such that if y; - p© negative assortative matching
of agents with ; > pM and education e®(y;), into ..rms maximizes output.
(iii) Let y; < p€ for all i 2 1 and de..ne p™? by F (ume?) = %(1+F(ﬁA)).
Then agents with 1; > P over-invest and agents with i < p; < pmed
under-invest on the labor market.

Proposition 5 states that the labor market is doing quite well at setting
incentives conditional on segregation into homogenous ..rms. This matching
pattern might not maximize aggregate output, however. If the education
cost type space is su€ciently compressed monitoring cost savings in hetero-
geneous ..rms are su€ciently large and negative assortative matching in the
industrial sector maximizes aggregate output.

4 Policy

This section examines the exects of potential labor market policies that aim
to improve on the laissez faire outcome.

15
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4.1 Tax-subsidy Schemes on the Labor Market

First we note that relying on tax schemes alone cannot improve output, since
the labor market induces e€cient investments conditional on the matching.
De..ne a tax-subsidy scheme by monetary transfers to agents or ..rms that
may condition on educational achievement t®(e;) or on the output in ..rm
tY(y). Since laissez faire education choices were e€cient conditional on the
match the tax-subsidy scheme may be expected to achieve relatively little
in this setting. This intuition is con..rmed by the following proposition.

Proposition 6 Tax-subsidy schemes that condition only on output or edu-
cation cannot increase aggregate surplus.

To prove this proposition we use a simple revealed preference argument.
Absent externalities across agent types all that any tax-subsidy scheme can
achieve is to induce education choices that have not been chosen by the
agents under laissez faire. It cannot, however, change the matching based
on agents’ types . Since education choices on the market were constrained
e¢cient based on types y; the conclusion follows.°

4.2 Education Cost Formation

A redistribution of education cost types while pursuing a laissez faire policy
on the labor market could, however, increase aggregate output. The reason
for this is that the marginal ezect of education cost on surplus depends on
education cost type as stated in the following lemma.

Lemma 2 In a labor market equilibrium it holds for all p; > ﬁA that

. Af11:)2 2Ui (Ui
@ui(ui) _ e™(wi) >}andw<02

@ui 82 2 ou?

Proof: The ..rst part follows from the envelope theorem and the fact that
eA(ui) > 2y by Proposition 2 for y; > ﬁA Let e(yj) denote the solution to
individual 1’s ..rst order condition (7) in the industrial sector. The second

10This reasoning depends on the absence of matching externalities across types. In
the present setting this is ensured since there is always segregation in the labor market
equilibrium. In the appendix we provide an example showing that if a tax scheme may
alter the equilibrium matching pattern it also may increase surplus.
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derivative of individual i’s utility is given by

02ui(ui) _ e(ui) H@e(lli) . e(Hi)'IT

T T [T T

By the implicit function theorem

T;
Be(u) _ e@? " (i)’ L
@i 15 (e(ui)? i 8A)*2
By the ..rst order condition (7)
o) _ g4 o 8D .
Hi e(ui)? i 8A
Since indeed
e(Hi) e(ui)’® .
1+ p—~, <1+ ——;
e(ui)? i 8A (e(ui)? i 8A)*
as e(yj) > pe(pi)2 i 8A the second statement in the lemma follows. o

The essence of Lemma 2 is depicted in Figure 2. Individual surplus in
the basice sector is linear in y while individual surplus in a an industrial
..rm, which equals average surplus in a ..rm due to segregation, is concave
in g. Note that for y; < ﬁA the basic technology and otherwise for y; > pﬂ".
Surplus from the optimal education and technology choice u(eA(pi)) IS given

by the upper contour of the two functions.

Note that marginal surplus has a discontinuity at ﬁA and the optimization
problem of the social planner may not be well-de..ned. Therefore, to develop
our main argument, consider ..rst a change in education cost type p by a
discrete amount €. The associated change in aggregate surplus is

Ui i + ) i Uit + ¢));
which is if i < 1 < + ¢
AA

B et @+ o) i uiehd)
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[%2]
o]
° Surplus in industrial firm
@
Surplus in basic firm
0 é‘IM Education Cost Type

Figure 2: Individual surplus depending on own education cost ;.

with ¢ = y; + ¢ j . Suppose that i > {* > 4. Note that Lemma 2
implies there exists y; < ﬁA and ¢ > ﬁA i M such that

Ut (i + €)) + uE (i i ¢)) > ue(w)) + ue*(W);

That is, aggregate surplus increases if education cost types can be redistrib-
uted from the highest type to a type su€ciently low as to prefer working
in the basic sector. In the following we propose two examples of education
formation that entail the possibility that a social planner may intuence the
education cost type distribution. Suppose for this that agents are char-
acterized by genetic types ®; 2 [®;®] and that agent i’s education cost
Hi = T(®;; x) is a function of own type ®; and a policy variable x. Suppose
® is distributed according to a dizerentiable distribution function G(®) that
has full support. This is consistent with the assumption on F ().

4.2.1 Resource Allocation

Suppose ..rst that education cost type y; is determined by

P

f(®i;Xi) = ®i + " X;:
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X; Is best interpreted as the spending of resources on agent i which has a
decreasing marginal ezcect on i’s education cost type, for instance spending
per school. Suppose that spending resources is distortion-free in the sense
that it is associated with constant marginal social cost °. Since agents
segregate in education achievement on the labor market there are matching
externalities and it su€ces to consider the point-wise optimization problem.

maxu(e*(®: + %) i °xi (13)

Solving the optimization problem for an optimal policy X; it turns out that
the optimal spending of resources should favor agents that have intermediate
to low types ®;.

Proposition 7 There exists ® < p such that (%x is strictly decreasmg in
@ for all ® > ® and (i) & + x¢ =" + Pz, P2 >0, for all @ 2 [&; ().

Proof: Due to the discontinuity at ﬁA we need to distinguish between several
A "
cases. Suppose ..rst ®; _ ﬁ . Then xj de..ned by the ..rst order condition

QuEr @ + x5 P,

= 2°
@ui

solves problem (13) for ®;. De..ne % as the solution x; associated to ®; = ﬁA.

Turn now to ®; < ﬁA, with eA(ui) = {i and u(yi) = EL. Suppose ..rst
that Px; - ﬁA i ® and denote ¢ = @; + Px; j ﬁA. Then optimization
reduces to choosing ¢. Usmg the above result optimally ¢ = % and
p_? = ﬁA+ Ri®;. If xi < u i ®; on the other hand, optimal investment
X; must satisfy the ..rst order condition

Ps_ 1.
16

The regime px_f +® _ [ obtains if

P ®i 2 1

o

8 > 162° ' 1p2°2°

uet@ + PRy i o@ + PR e

Since u +pk ®; = 160 the left hand side of the above inequality strictly in-
creases in ®;. This implies immediately the existence of ® such that optimal
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resource spending is x° = (" + Pa i @)2for® - @ - (" and Xt = (1°)°

for ®; < ®. o

Note that depending on social cost © and the distribution of ® there
may be types ® - ®; < ® such that optimal resource spending is lowest for
these types. This means acquisition of su¢cient education for the industrial
sector is prohibitively costly.

4.2.2 School Choice

Education cost yj may also be acected by an agent’s environment when
acquring education, for instance by peer ecects at school. Suppose that ed-
ucation is acquired in schools of size 2. Education cost types are a function
of own type and the match’s type, y; = f(®;;®;) if i and j match into the
same school. Let f(®;;®;) increase in both its arguments. Assume that
agents do not have access to funds and cannot contract on future income at
the schooling stage. That is, the matching market for schools has strictly
non-transferable utility which implies segregation in ® since an agent’s equi-
librium payor increases in f(®;;®;) which in turn increases in ®;.

To provide a benchmark assume that the peer ecect is linear:

T(®;®) = .0 +(1i.)®;

where _ 2 (0;1) is a positive constant, so that g = ®; under laissez faire.
A linear peer erect implies a convenient independence of e€cient educa-
tion cost formation and the matching pattern in schools. Consider now
the impact of associational redistribution, that is implementing a matching
function 1(®). We have the following result.

Proposition 8 Let ® > ﬁA > ®. Then there exists a matching function
1(®) such that 1(®) = ®y with ® < ﬁA and (®) is decreasing in its argu-
ment for all ® _ ®p, so that

z z

u(e (@ M@ > u(eA(F (@i @)))di:
I |

i2 i2

Proof: Let ®;;®; 2 [ﬁA;®] and suppose that ®; & ®;. Then f(y;; i) +
T 15) = 2F(Wi; ;) since F(:) is linear. Moreover, using Lemma 2 this
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implies that
2u(er(F(@i; ®)))) > uE(F(®;; @) + uE (F(®;;®))):  (14)

Let 2> 0 and choose ®; = ﬁA i 2. Then we can de..ne = implicitly by
A ) 3 ) 3 A -7
uE (@ i D +uE@i)=2u ¢ Lia)@® i) +al ja2

t is indeed well-de..ned and exists since a single crossing property holds in
that above expression strictly increases in t by the implicit function theorem
and Lemma 2. Moreover, + > 0 for 2 > 0 suCciently close to 0 by (14).
Moreover, invoking the implicit function theorem again and using Lemma 2
yields
+

% <
Combining these facts means that there always exists 2 > 0 and +(?) > 0
such that letting any ®; 2 [ﬁA i 2;ﬁA] match with any ®; 2 [® j (2);®]
improves aggregate surplus:

0: (15)

uEet (@@ + (1 i a)@;)) > au(e’(@)) + (1 i AuE"(@))):

. A —
This must also be true for all ®, 2 [ﬁ iU i £(®)] as argued above. To
construct a negative assortative matching that increases point-wise surplus
we need that

c®) i@ i2=06(®) i G® i @)

(15) and full support of G(®) ensure that there exists a tuple (2, £(?)), 2,+ >0
to satisfy above equality. Let ® = ﬁA i 2 Since a negative assortative
matching of all agents in [®y;®] achieves a point-wise increase of surplus,
aggregate surplus must increase as well since the labor segregates in educa-
tion e;. Since f(:) is linear any matching of agents ® 2 [®; ®y] achieves the
same surplus. This proves the statement. o

Intuitively, we show that for each 2 neighborhood to the left of ® = ﬁA
there exists a + neighborhood to the left of ® so that any matching between
these two neighborhoods increases surplus compared to school segregation.
Since + decreases in 2 we choose 2 small enough such that negative assorta-
tive matching between all agents with ®; > ®, = ﬁA i 2 strictly increases
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aggregate surplus. This means, of course, that switching from school seg-
regation to school integration induces some agents to switch from the basic
sector to the industrial sector. The following corollary provides a condition
such that aggregate surplus increases if the entire economy integrates at
school level and ends up in the industrial sector.

Corollary 1 Let p < pm. Negative assortative matching at the schooling

stage for the entire economy increases aggregate surplus if | is sudciently

. . A . .
close to ﬁA or the measure of agents in the basic sector, G(ﬁ ), is succiently
small.

The ..rst condition is straightforward and the second one follows from
. . A .
the fact that heterogenous matching among agents with ®; > ﬁ strictly
increases surplus.

4.3 Associational Redistribution on the Labor Market

Finally, turn back to the labor market and treat the matching pattern as
a policy variable. We propose a policy that reaches a second best alloca-
tion when segregation is not the output-maximizing matching pattern. Let
m(e;) denote a matching function that assigns an agent with educational
attainment e; to an agent with m(e;). If u is su¢ciently small, negative as-
sortative maximizes output by Proposition 5. By part (i) of Proposition 5 we
also know that laissez faire matching provides constrained e¢cient invest-
ment incentives through competition and wages. Any policy that azects
the matching pattern needs to ensure that investment incentives remain
adequate. Consider therefore transfers t(ej) that condition on individual
educational attainment e;.

Given a matching function m(e;) and a transfer schedule t(e;), an agent
I’'s optimization problem in the industrial sector becomes

Pame)+ et it @

T
X 4 i lig, ~e:

Assuming t(e;) is dicerentiable the ..rst order condition is

@m(e )

pm(ei)+ npe—i Bm(er) , M) teiget | ote) _ &,
>

& 8 m(e) O 8 Ceim(e) i 8A @e; (16)
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Since F () has full support and is dicerentiable m(e;) is dicerentiable. De-
note the constrained eccient investment that is given by the solution to

problem (10) by ej(e;). It is de..ned implicitly by the ..rst order condition:
P

& & _ €iey).

p——+p = : 17

ei(ej) ei(ej)ej i 8A Hi ()

Note that ej(ej) may be locally decreasing in y; if pi < p°, that is if negative
assortative matching is indeed eCcient. Suppose this is not the case, for
instance because F () is symmetric on [p u] implying @m(e) = jl. Then
a transfer scheme can be computed that induces agents to choose education
investments that satisfy (17) given a matching function m(e;).

Proposition 9 Let p be sudciently small and F (i) symmetric on [ﬁA;H].
The eccient allocation can be implemented by a matching function m(e;)
with % = j1 for g e“(uﬂ";u"") and m(ej) = ej otherwise, and a
monetary payment t(e;) such that

Bt _ m(ei) i e.@rgé‘f)

@e; 8" eim(e;) eim(er) i 8A

y(ei; €j);

for e; _ e“(um;u—M).

Proof: It is straightforward that given the assumption on @t( ') conditions

(16) and (17) coincide. Since @m(e ) = j1 the induced choice e (e,) is strictly
increasing in yj. Symmetry of F(p) implies then that m(e;) induces negative
assortative matching for all e; _ e“(pﬂ’I ;p—"") which is e@cient when p is small
enough. Monotonicity of ej(ej) in i implies that agents with pj < ﬁA choose
ei = Wi and work in the basic task. Note that decreasing dicerences of
u(e®(ui; 1j)) only apply to pi; 1 . ﬁA since g < ﬁA obtain constant payoc
U(Hn) = Hh=8 > u(e” (in; Hn))- a

This means aC¢rmative action on the labor market not only requires a
lot of information, but also provision of incentives for constrained e¢cient
education choice incurs a positive cost.

4.4 Interaction of early and later stage policies

Ewrectiveness of associational redistribution at school stage might depend on
the policy choice at the labor market stage and vice versa. Since general
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treatment of possible interactions proves to be a complex problem we present
here a simple example where policies may be complements or substitutes.
Assume the distribution of types ® is discrete, that is measure 1=2 of the
population has type ®, and the remainder ®; > ®.

Let us ..rst assume that associational redistribution are free of distor-
tions both at the school and the labor market stage. That is, let redistrib-
ution at the labor market stage follow a version of the scheme described in
Proposition 9 and suppose that peer ecects are linear. Then associational
redistribution at school is independent of labor market policy in the sense
that it is bene..cial both when the is redistribution on the labor market and
when there is not.

The case without labor market policy is described. Suppose now we have
negative assortative matching on the labor market that is at least e¢cient
constrained on matches, that is investments obey conditions (11) and (12).
Consider now moving from segregation at school to integration causing g
to become P = po +2 and pj = yy § 2. Total utility in a ..rm with types Lo
and 1 is given by

p p :
oy _  €o(HosHa)er(po; H1) +  eo(Hos Ha)er(Ho; M) i 8A
V(i) = > i 2

_eo(Hoi H1)? _ ex(do; M1)?,
' 8w ! 8y

where e;(:) and ep(:) are implied by (11) and (12). Taking the total dicer-
ential yields

@v(Ho; M1)
@uo

@V(UO;Ul)q;u _ Lleo(Ho;Hl)2 _ el(uo;ul)zﬂz_

(s —+ = ,
o gy, M 8 ' &

where we used the envelope theorem. From the optimality of investments
conditional on the match (11) we know that ep(lo; H1) = e1(lo; H1) H1=Ho
and therefore

vl |
eo(Ho; M1)? : e1(o; H)®
85 815

>0, 2>0

That is, for any tuple (lo; 1) a marginal increase of o and an equal decrease
of yp increase aggregate utility of agents in ..rms (i;j) with y; = Ho and

Hj = Ha.
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Note that the reverse, namely that ecectiveness of associational redis-
tribution on the labor market is independent of policy at the school stage,
does not hold in general. The reason is that the optimal matching pattern,
for instance negative assortive or segregation, depends on the distribution
of education cost ;. This may be altered by a move to school integration
thus altering the distribution in second order statistical sense. In the Ap-
pendix we provide a numerical example of an economy where associational
redistribution on the labor market is only increasing output if there is no
associational redistribution at school. Moreover, the numerical example al-
lows us to deduce the magnitude of welfare gains. It appears that ecects of
policy at the school stage are higher by an order of magnitude than those
of labor market policy.

5 Conclusion

We have presented a model of a labor market that suzers from informational
frictions, that is moral hazard in production within ..rm. This market fric-
tion introduces a setup cost that decreases in project size. It prevents low
types from entering the industrial labor market. The labor market, how-
ever, is doing quite well at pricing educational investments conditional on
an individual’s match. Therefore transfer schemes that condition on pro..t
or education cannot improve welfare. Sometimes welfare might be improved
by combining a transfer scheme with associational redistribution, that is a
policy that sets the matching pattern or aCrmative action, on the labor
market. Informational requirements to implement such policies are quite
demanding, since the matching policy has to be accompanied by the correct
transfer scheme to ..ne-tune incentives.

A policy that is less hard to implement may involve a redistribution of
education cost types. This can increase aggregate surplus since within the
industrial sector surplus is concave in education cost. A redistribution of
education cost types may be achieved for instance by over-proportionally
spending resources on the education of low education cost types or, in case
there are peer ecects at school, by associational redistribution of individuals
across schools to increase heterogeneity at any given school. That is, acr-
mative action seems to be ewcective at an early stage in the form of school
integration if at all contrary to Fryer and Loury (2005).
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Indeed the PISA studies (OECD, 2001, 2004, 2007) ..nd that the depen-
dence of children’s educational outcomes on their parents’ socioeconomic
status strongly varies between countries. Moreover, the strength of this
relationship seems to be heavily infuenced by variation of educational out-
comes between schools. This suggests that the extent of school segregation
conditional on parental socioeconomic status, which is a policy variable, has
a signi..cant emect. Germany and Belgium, for instance, are among the coun-
tries with the highest correlation between educational outcomes and parental
socioeconomic status which is largely driven by variation between schools.
This means there is ample room for policy interventions in these countries in
order to decrease the dependence between children’s and parents’ education.
If parental socioeconomic status can be interpreted as a proxy for individual
education cost type ®;, a move towards school integration in these countries
is associated to sizable gains in output.

A  Appendix

Example: A tax scheme increases aggregate output

Let there be two possible education cost types, p;j 2 fL;Hg, and four
education levels e; 2 fep;e1;es;e3g. Denote the measure of L agents by
1 2 (0; 1=2] and the measure of H agents by 1 j .1! An L agent may invest
in g at zero cost, in e; at cost 1 + 2=4, investing in e, or e3 is not feasible
(say because of in..nite cost). An H agent may invest in eg, €1, or e, at zero
cost, investing e; = e3 comes at cost 1. Agents may form pairs to jointly
produce output at zero production cost. Resulting joint payogs are given in
Table 1.

€0 €1 (5} e3
€o 0 1 2 3
e 1 2 4 4+2
e 2 4 4+2 | 5
e3 3 4+2 | 5 6+

Table 1: Joint payozs depending on education choice

Assume that 0 <2 <+ < 1 and 22 > +. When remaining solitary an
agent’s payo= is 0 independently of education choice. Suppose a very simple

8-+42=2
8+52=2"

Yscarcity of L agents facilitates exposition, the necessary condition is 1 -
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form of non-transferability in that output is shared equally and agents are
liquidity constrained. That is, starting at equal sharing agents may only
transfer up to b units of surplus within ..rms. Let2=2 <b < 1.

In a market allocation there will be segregation on the matching market
due to the non-transferability. To see this note that an agent of type e; can
always obtain a minimum payo= by matching with another e; agent and
splitting the surplus. These segregation payoss are given by 0 for eg, 1 for
e, 2+ 2=2 for ey, and 3 + +=2 for e3. Since an agent can transfer at most
b < 1 within a ..rm, heterogeneous ..rms cannot emerge on the market.

Since 1 +2=4 > 1 L agents cannot choose e; & eg in equilibrium. Sim-
ilarly, since £ > 2 and therefore 1 + +=2 > 1 + 2=2 type H agents ..nd it
optimal to choose e;j = e3. That is, the competitive market allocation has
measure 1=2 of (ep;ep) ..rms and measure (1 j 1)=2 of (es;e3) ..rms. Total
surplusis (1 § 1)(3+2%=2 j 1).

Now suppose there is a tax t(e) conditional on education choice. Let
t(eg) = 0, t(e1) = j2=2, t(e2) = 0, and t(e3) = 2=2. Note that the tax is
subject to the non-transferability in that jt(e)j < b for all education choices.
Consider ..rst H types. Since 2+2=2 > 3 ++=2 j 2=2 j 1 when facing the
tax H types choose e;. Since 2 +2=2 > 2 j 2=2 + 2=2 the subsidy does not
induce them to choose e;.

As 1+2=2 j (1+2=4) > 0 the subsidy ensures that L types now choose
e;. Since 2+2=2<2+band 2 j b > 1 there exists a distribution of surplus
in (e1;e2) ..rms such that there cannot be positive measure of both (e1;e1)
and (ez;e2) ..rms in the economy since at least agents of one education
level would be better o= in the heterogeneous ..rm. Hence, the market
allocation under the tax scheme is given by all L agents choosing e; and
all H agents choosing e,. There is measure * of (e1;ez) ..rms while the
remainder of ..rms is homogenous. Aggregate surplus in the economy is now
1451 ;312)+(1=2 i 1)(4+%2) >0 §1)@B++=2j1)since* - 1=2.

There are several points worth mentioning here. First, although the tax
schedule appeared to raise positive net revenue given the laissez faire out-
come, in the market allocation net revenue from the tax/subsidy scheme
is strictly negative. Second, private returns to education highly depend on
the market outcome. Third, this generates a matching externality of educa-
tion investment which implies there is scope in government intervention in
form of an education subsidy in this example. That is, labor market policy
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has to consider ecects on investment incentives and the ensuing changes in
the composition of the labor force which may easily dominate direct labor
market ecects.

Example: A case where ecectiveness of labor market policy
depends on school integration

Assume the model’s parameters as follows: pg = 12:6 and p; = 14:8 and
both have measure 1=2, and A = 99. At these parameters all agents go to
the industrial sector even under segregation, and ﬁc = 13:6735, that is the
su¢cient condition in Proposition 5 does not hold. Suppose integration at
the schooling stage leads to modi..ed education cost types g +2 and 1 j 2.
Table 2 gives the sum of agents’ utilities in ..rm (u; 1°) depending on 2. The

(Mo; Mo) | (Ma;H1) | (Kos K1) | Dimerence ¢
0 1:6122 | 5:3887 | 3:5006 | §3:1349% j 4
0:5 | 2:5266 | 4:5812 | 3:5539 | +6:1877ej5
1 | 3:4047 | 3:7468 | 3:5757 | +3:4804ej6

Table 2: Aggregate payoss depending on policy

last column gives the dicerence of aggregate payoas between segregation
and integration on the labor market, € = v(lo; Ho) + V(H1; H1) § 2V(Ho; H1)-
The gains in output by school integration are sizable, for 2 = 0:5 aggregate
output increases by 1:53 % and for 2 =1 by 2:15 % compared to the laissez
faire labor market allocation.

B Proofs

B.1 Proof of Lemma 1

An industrial ..rm is preferred to the basic task if

e(i) + z(ui)2 i8A . eg:l.i)z Jh. (18)

Using the envelope theorem the slope of the LHS of the above condition is

e(pi)? -

1
8u? 2’
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the slope of the RHS of (18) is 1=8 < 1=2. Hence, there exists at most one
Wi 2 [W; u] such that (18) holds with equality. That is, de..ne ﬁA implicitly
by (18) holdinlg with equality and by maxfpﬂ; Ug in case (18) is positive
for yj = maxt" 2A;ug.

B.2 Proof of Proposition 2

Let us show ..rst that indeed fi° < f*. Recall that {° = 8=3. Using (7) an
interior cutoa f) is de..ned by

e(li) e(Mi)? _ Hi
AR g : B — 19
a ' a s (19)
At pi = [° = 8=3 we have
2eiei @<o 8e 2 R:

9

That is, for y; = ﬁo there does not exist e such that the industrial technology
is preferred to the basic task. Since (19) increases in J we have that indeed
0% < (. As for (ii), over- and under-investment follow trivially from (8)
and (9). To prove (iii) we need to show that the derivative of the dicerence
eA(pi) i e”(ui) with respect to y; is negative for y; _ ﬁA:

o) _,

@ui

Using the implicit function theorem on the ..rst order condition (7) this is

L1, e
2uf  eAm)?  (A(i)? i BA)F?

Using the identity (7) this becomes

LE@+ AW IR _ 1 )
P N AT VR T M I Ty e

That is

) AR B < ) § ah+ p )
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This condition holds if 4A < eA(pi)z, which is the case for y; > ﬁA.

B.3 Proof of Proposition 5

(1) is obvious since (12) coincides with (7) when p; = ;.
Turn now to (i) and start by applying the envelope theorem to the
solution of problem (10). The derivative of a match’s value function

Y= ma prej+peiej i 8A . e2  ef
V(Hi; 1) = ei;ejx > i2ig i By
with respect to y; is given by
v b)) _ €
@ui 8yt

The cross partial derivative of the value function is then

@2v(ui; ) _ e Oei
Oui@p; T

Applying the implicit function theorem to (12) we ..nd that

9
%<O, - & 164 -€?
Ou;

- > 1
P 2 -
-e2 j 8A "6 1 8A

Solving this expression for -€? yields
f < o2 < a(PE 4 1A
BA < -ef <4( 5+ 1)A:

De..ne

Pz

) )
Pp= PP

5+1+ ' 5;1

i

H

This means EAS“)Z < 4(p§ + 1)A for all yj < p°. With (i) this implies
e”(Mi; Mi)? < 4(C 5+ 1)A for all i < p° and since using the implicit function
theorem we know that e”(:) increases in both arguments it follows that
e%(Mi; j)? < 4( 5+ 1A for all pi;pj < K. Hence, if Wi < 1, %i“@ij?—) and
v has decreasing dicerences in its arguments. Statement (ii) follows.

To show (iii) apply the implicit function theorem to (12) to verify that
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the derivative of e; with respect to - exists and is negative. Under the
assumption e¢cient matching must be negative assortive as shown above.
Since - = 1 in segregation and - < 1 for yM < pj < p™9) and - > 1
otherwise the statement follows.

B.4 Proof of Proposition 6

Start with t¥(y). Recall that outputy in a..rm (g;; &) is given by y(ej; ej) =
w By Proposition 1 the industrial sector segregates, only ..rms
(ej; ej) emerge and agents split the surplus in ..rms. Consider a tax on pro...ts

of t¥Y(y). Agent i’s optimization problem in the industrial sector is

V) ., . e .
meziixT ili B
Assume that the maximization problem is well de..ned (otherwise the state-
ment follows trivially). Let et(y;) denote the solution of this problem. Since
segregation in education e; obtains on the labor market independently of t¥,
it suCces to calculate the change in aggregate surplus of each agent type
Ui separately. Aggregate surplus of two y; agents including the tax-subsidy
revenue is
Yy — Y ty,. et(“i)z - tr \\ - Y te.
s(P) = vyE )i a1 2+y(Ee () 1 Yy ()
V1
- 5 y(e'(wi)) . 1+ e (ui
T

But by Proposition 5 market equilibrium investments eA(ui) are condition-
ally ec¢cient and therefore

KAy Ivall
S(tY) <2 y(e Z(Lll)) i1 e iﬁ:) :

for all tY(y) & id. The case of a tax-subsidy scheme conditioning on educa-
tion is treated in a similar way. Given an education tax-subsidy scheme té,
agent i’s optimization problem for the industrial sector is
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Let e'(y;) denote the solution to this problem. Aggregate surplus of the two
agents in the ..rm is then
il

S(tf) =2 w ili ;—"“ +t(e) i 2t(e):

Hence,

Mo A vl

for all t®(e;) & id again.
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