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B Abstract

We study the earning structure and the equilibrium
assignment of workers to firms in a model where
workers have social preferences and skills are
perfectly substitutable in production. We allow
firms to offer long-term contracts and for frictions
in the labour market in the form of mobility costs.
For low moving costs between firms, heterogeneous
productivities lead to widespread workplace skill
segregation and the whole market wage dispersion
is explained by between firm differences. In a labor
market with intermediate levels of mobility costs,
segregation is more moderate and wage dispersion
arises both within and across firms. For high levels
of moving costs, the whole wage dispersion is
within the firm and becomes zero when the moving
costs are sufficiently high. We show that long-term
contracts in the presence of social preferences
associate within-firm wage dispersion with novel
internal labor market features such as a dynamic
form of wage compression, gradual promotions and
wage non-monotonicity.

B Key words

Contract theory, mechanism design, envy, social
preferences, gradual promotions, dynamic wage
structure.

B Resumen

Estudiamos la estructura temporal de ganancias y
la asignacién de equilibrio de trabajadores a
empresas en un modelo en el cual los trabajadores
tienen preferencias sociales y su capacidad
productiva es perfectamente sustituible. Las
empresas ofrecen contratos a largo plazo y
permitimos fricciones en el mercado de trabajo en
forma de costes de movilidad. EI modelo ofrece
predicciones especificas sobre la naturaleza de los
flujos de trabajadores, las caracteristicas de la
segregacion por niveles de habilidad entre lugares
de trabajo, y sobre la dispersion salarial dentro de y
entre las empresas. Demostramos que los contratos
a largo plazo, en presencia de preferencias sociales
dentro de las empresas, asocian la dispersién
salarial interna con ciertas caracteristicas de
mercados de trabajo internos novedosas. Por
ejemplo: promociones graduales, aumentos
salariales sin relacién con la productividad y
flexibilidad hacia abajo del salario. Estas tres
caracteristicas dinamicas conducen a una
volatilidad salarial sin relacién con la productividad
dentro de las empresas.

W Palabras clave

Teoria de contratos, disefio de mecanismos, envidia,
preferencias sociales, promociones graduales, es-
tructura dinamica de salarios.
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1. Introduction

THE upward trend in inequality that has taken place in the United States
and other countries since the 70s has generated a renewed interest in
problems associated with earnings inequality. The trend towards allocating
high and low skilled workers into separate firms is perceived as a key
element to understand earnings dispersion.

In this working paper we study phenomena such as workers’ flows,
skill segregation, within and between firm wage dispersion as market
equilibrium outcomes in environments with no skill complementarities in
production. Instead, we assume that preferences of workers depend not
only on their compensation, but also on that of their co-workers. This
assumption is consistent with a wide body of evidence showing that the
preferences of individuals between allocations do not depend only on
their own material well-being. Rather, the actions and material allocations
of other individuals impact directly a person’s utility, and are thus taken
into account when making a decision.

We consider a labor market in which risk-neutral firms compete for
risk-averse workers of heterogeneous quality. The efficiency units of
workers’ labor are perfect substitutes. That is, some workers are more
productive/skilled than others, but workers of different skills are perfectly
substitutable in some fixed proportions. Firms compete by offering
long-term contracts. The firms can commit to the contracts, but the
workers can always accept external offers '. The quality of the workers is
not perfectly observable ex ante but their performance over time slowly
reveals (with some noise) this quality. The workers have social preferences,
that is, their final utility is affected by that of others. But which others?
Most standard models of social preferences focus on two or three person
games between an employer and one or two employees. But in a model of
a market, the range of interpersonal comparisons of utility is an important
consideration. We assume that these comparisons do not span the whole
population, but only individuals who work in the same firm, and have
similar career histories within the firm. For any given worker and period,

1. For example, workers cannot post a bond, which would enforce the commitment to stay in
the current firm.
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we call his reference group the set of individuals over whom his social
preferences’ comparisons take place in that period.

With the structure of our model, and the traditional selfish
preferences, the equilibria would not make a prediction on the
distribution of skill levels by firm or location. Any distribution would be
consistent with equilibrium. Our first result is that in the absence of
frictions and with social preferences, of however small strength, the
equilibrium becomes skill segregated, that is, firms hire only from one skill
pool % The externality driving segregation is different than the one in
models of say, racial segregation. We deal here with a pecuniary
externality, that is, high-skilled types do not separate from low-skill types
because they intrinsically dislike them. They do it, rather, because the
market tends to produce different material payoffs for both.

Real markets are not perfectly frictionless, though. We introduce a
particularly simple form of friction, moving (or hiring and training) costs,
which produces additional implications on labor market outcomes. When
moving costs between firms are low, heterogeneous productivities lead to
widespread workplace skill segregation, and the whole market wage
dispersion is explained by differences between firms. With intermediate
levels of mobility costs, segregation is more moderate and wage dispersion
arises both within and across firms. For high levels of moving costs the
whole wage dispersion is within the firm, and becomes zero when the
moving costs are sufficiently high. We show that within firm wage
dispersion is associated with internal labor market features such as a dynamic
form of wage compression, gradual promotions, and wage
non-monotonicity.

These results arise from an interplay between risk preferences, social
preferences and market competition. We examine these mechanisms
separately.

We first discuss the implications in our model of the combination of
risk preferences with our commitment structure. When there are neither
social preferences nor frictions, the equilibrium labor contracts are as in
Harris and Holmstrom (1982), that is, wage payments are constant over
time for a given observational type (for insurance reasons), and they
change when the observational type changes. The presence of frictions in
the market implies (in the absence of social preferences) that, when
higher types are revealed, their wage changes less than in the absence of
such frictions. Because of these frictions, workers remain employed with
the firm that first hires them.

2. In a sense we can argue that social preferences operate here as a kind of equilibrium-refinement.
The advantage of this way of refining equilibria is that the payoff perturbation is economically
and empirically well-motivated.
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Next, we consider the effect of social preferences and frictions. As
before, the frictions make it costly for workers to move between firms when
their types are revealed. On the other hand, competitive pressure forces
wages to be different for different (perceived) skill types. Thus, if workers
of different types (who receive different wages) stay together, social
preferences generate a loss in utility for some of them. To compensate for
the disutility, the firm can increase the wages of the lower types ®. The
firm can also modify the composition of its workforce by letting some of
the current workers leave and thus achieve a more homogenous (in terms
of perceived skills) workers” pool. The firm now faces a trade-off between
wage compression and skill segregation, and the size of the frictions
determines the optimal solution to this trade-off.

The presence of frictions entices the market participants to find
imaginative ways around them. In a sense, this is one of the lessons of the
literature of contracting under incomplete information. One can exploit
the diverse dimensions of preferences to extract private information by
means of menus of contracts or nonlinear pricing *. This happens as well
in our framework. Let us go back to the issue of the reference group for
interpersonal comparisons. Recall that the reference group is not the
whole set of firm employees, but only those that enjoyed similar
circumstances in the near past. Then, gradual promotions appear as a less
blunt tool than wage compression to lower the effects of social
preferences. Rather than promoting an individual as soon as he is
discovered to be of a high type, we show it is optimal to propose contracts
which give a smaller promotion until his former peers forget him, and then
promote him further later in the future. By doing so, the firm modifies the
intertemporal composition of the reference group of each worker in a way
that reduces the overall cost due to social preferences °. The dynamics of
wages result from the complex interplay of the history of individual
productivities, market competition and intra-firm reference group
structure.

An additional implication of assuming time-dependent reference
groups is that wage schedules may be non-monotonic. When some
individuals’ performances have started to differ only recently from others,

3. Because of competitive pressures, there is no room to decrease wages for the higher types.

4. The standard example for competitive screening (see e.g. Mas-Colell, Green and Whinston,
1995: 460) shows that firms use the differences in cost of effort (about which the firm does
not care directly) to separate the workers of different productivity, and thus minimize the
informational rents they extract.

5. Because of insurance effects for the high type, this gradual promotion is second-best. We
show that the firm balances this inefficiency with the social concerns to choose an optimal
(gradual) promotion path.
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there is some wage compression, raising the salaries of low types. Once the
high types have disappeared from the reference group, the salary of the
low types can fall back to normal.

As one can readily see, social preferences produce a wide variety of
effects that happen in well-specified circumstances, ranging from
segregation by skill, to wage compression, gradual promotions and
non-monotonic wages. Models with this richness allow for a better
empirical fit with reality (if, as we expect, social preferences of this form
are indeed present). They also suggest that labor and human resource
economics can greatly benefit from incorporating behavioral factors in
their standard set of tools.

Background and related work. We bring together several strands of
the economics literature.

Research on social preferences originated in large measure to give
account of the growing empirical and experimental evidence that human
behavior could not be explained only by the hypothesis of self-interested
material payoff maximization. For instance, contribution to public goods is
higher than would be expected under purely selfish maximization °. More
importantly from our point of view, there are vast amounts of evidence
that people reject lopsided offers in ultimatum bargaining games ’. Several
models have been proposed to account for these observations (Bolton,
1991; Rabin, 1993; Levine, 1998; Bolton and Ockenfels, 1999; Fehr and
Schmidt, 2000a; Charness and Rabin, 2002) and we refer to the excellent
surveys of Sobel (2000) and Fehr and Schmidt (2000b) for a discussion. A
feature that many of the models share is that individuals dislike payoff
inequality. One innovation with respect to this literature is that we think
explicitly about the set of individuals to which the utility comparisons
apply. In our paper, the reference group for comparisons is a product of
the collective employment history. Workers identify less with superiors
than with co-workers at their same level or recently promoted. Akerlof and
Kranton (2000) also relate identity with incentive problems. In their case,
the agents’ identification with a particular group gives them an incentive
to exert effort, in a moral-hazard context. For us, the identification with a
reference group creates disutility for individuals who earn less than the
average in their reference group.

A few papers examine the implications for wages and the labor
market of social preferences. Frank (1982) in his seminal paper showed

6. See Ledyard’s (1995) survey on public goods in the Handbook of Experimental Economics.

7. See Giith, Schmittberger and Schwarze (1982) and also Roth’s (1995) survey on bargaining
in the Handbook of Experimental Economics.
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that workers need not be paid their marginal productivity if people had
preferences such that they cared sufficiently strongly (and in a
heterogeneous way) about relative payoffs, liking to be better paid than
others, and disliking to be paid worse. The more productive people would
be paid less than their marginal productivity as they got the “pleasure” of
earning more than their colleagues. Similarly, the less productive people
would be paid more than their marginal productivity so as to be
compensated for the “suffering” of earning an inferior wage ®. In our
paper we add a dynamic dimension to the contracting problem. This
allows us to discuss issues such as promotions, worker flows and the
evolution of wages, which widens the span of testable implications.
Besides, this is probably the first model to characterize long-term contracts
in the presence of social preferences in a competitive labor market.

There is also evidence that firms workforces are more homogenous
than simple “random matching” would suggest. People of different skill
levels sort themselves into different firms. For instance, Kramarz, Lollivier
and Pelé (1996) find that specialization °. increased massively in France
between 1986 and 1992 '. Davis and Haltinwanger (1991) note that the
continuous rise in wage inequality in the U.S. is imputable in part to ability
sorting of workers across firms. Brown and Medoft (1991) investigate
explanations for wage-size differentials, and find evidence in support only
for explanations based on sorting by worker skill. Theoretical explanations
for this evidence usually resort to the introduction of some form of
complementarities between individuals of the same skill levels ''. We
depart from this by not postulating any form of production
complementarities between worker’s types. The externality that arises
between workers is of a pecuniary nature. It arises because market
outcomes favor more productive workers, and individuals are averse to

8. Frank (1985) discusses many practical implications of this basic framework, such as the puz-
zling omnipresence of minimum wages, safety regulations, forced savings for retirement and
other labor market regulations. These can be explained with his model as a way to compensate
for the externality that is generated by the social preferences. Other working papers which
deal with contracting problems and social preferences are Fehr, Klein and Schmidt (2001),
Fershtman, Hvide and Weiss (2003) and Rey-Biel (2002).

9. They compute a measure of specialization for different professional categories as proposed
by Kremer and Maskin (1996).

10. “Blue collar unskilled workers are more and more separated from other types of workers,
and therefore, tend to work together in the same firms. This is true for each of the six categories
of skills. The number even doubled for clerks”, Kramarz et al. (1996), p. 375.

11. Good examples of these explanations are de Bartolomé (1990), Bénabou (1993), Kremer
and Maskin (1996) and Saint-Paul (2001). The theoretical papers of Legros and Newman
(2002, 2004) identify the minimal conditions for such positive sorting.
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inequalities in their own reference group . Besides, our model suggests
that the time-series evidence on skill segregation can be related to changes
in labor market regulations (and organizational features) that affect
mobility costs.

Bewley (1999) offers direct evidence for the kind of externality we
postulate. Some 78% of the businesspeople whom he asked about internal
equity, say that it is important for internal harmony and morale (Bewley,
1999: table 6.5.). Morale meant “cooperativeness, happiness or tolerance
of unpleasantness, and zest for the job” (Bewley, 1999: 42). Section 6.5 in
Bewley (1999) has a number of revealing quotes from managers about the
disruptive effects of lack of equity on the job . He also shows that an
important consequence of internal inequity in firms is turnover (Bewley,
1999: table 6.5), just as our model would predict.

We also predict that social preferences lead to wage compression. By
this, we mean the differences in wages between workers of different
perceived skills is lower with than without social preferences '*. The
evidence given in the literature for wage compression is often indirect.
The ratio between, say, the lowest 10th percentile and the highest 90th
percentile of the wage distribution has undergone dramatic variation over
time, and is quite different between countries, in a way that is hard to
justify from purely technological reasons . The study of Cannon, Fallick,
Lettau and Saks (2001), which directly compares wages and productivity,
shows that wage compression may arise, as in our model, “from the value
workers place on relative pay” (p. 3). On the other hand, Hibbs and
Locking (2000) show that within plant and within industry wage leveling
adversely affected productive efficiency in Sweden. This contradicts an
explanation of wage compression as the result of firms trying to enhance
the morale of workers, thus achieving higher productivity, as in Akerlof
and Yellen (1990), but it is still consistent with our approach.

Section 2 describes the dynamic labor market model. Section 3
presents the recursive formulation of the problem and states the

12. There are other models of segregation which rely on group externalities. Seminal works in
this area are Becker (1957) and Schelling (1971). Contrary to our paper, in that literature the
individuals have an intrinsic like or dislike of workers in their or other groups. In our case, the
spillover is related only to the market outcome. High and low types would live happily together
if wages were equal.

13. From “Internal equity is very important,” to “Inequity causes disharmony” and even “Un-
fairness can cause upheaval within an organization and lead to disfunctional activities.”

14. Another model predicting wage compression in the presence of mobility costs is Acemoglu
and Pischke (1999). They show that wage compression is a necessary condition for firms’
investment in general training. Acemoglu (1999) relates wage compression to search frictions.

15. Classic references in this context are Katz and Murphy (1992) or Goldin and Margo (1992).

10
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equivalence with the market game in section 2. All results are gathered in
section 4. Appendix 1 describes the recursive formulation in its most
general form, and establishes the equivalence between the market game in
section 2 and the simplified recursive formulation in section 3. The proofs
of the results stated in section 4 are in appendix 2. Appendix 3 contains an
exhaustive analysis of the value function of our model.

11



2. Model

TIME is discrete and indexed byt=1,..,T < oc.

Firms. There is a finite set M; of risk-neutral firms who enter the
market and post an offer at any period. For simplicity, and w.L.o.g. ', we
assume that the M;s are disjoint, so that M* = U%_, Mj is the set of firms
that had the chance to make an offer at some date prior to ¢.

Firms that are active in the market collect profits at the end of each
period. Firms discount at zero interest rate.

Workers and timing. Workers are risk averse and live for " periods.
There is a continuum of workers in [0, 1] of two different types,
g(ood) workers and b(ad) workers. Workers g produce one unit of output
per period with i.i.d. probability p (and zero otherwise), while workers of
type b have no chance of producing good outcomes (their production is
always zero). We denote by A € (0, 1) the number of workers of type g in

the population. Information about workers’ types is imperfect but
symmetric, as in Harris and Holmstrom (1982).

In each period ¢ the timing of payment is as follows. The worker
decides wether to stay in the firm or accept an outside offer. If the worker
decides to stay in the firm, he receives the wage from his employer . He
then produces (thereby possibly revealing his type). This new information
is then used at the beginning of the next period by the entrant firms (the
market) to make job offers and by the old firm to pay ¢ + 1 wages taking
into account the labor market pressure.

Worker assignment. At each period ¢, the mapping
ft :10,1] — MU {0} keeps track of the assignment of workers to firms.
The case f;(i) = 0 corresponds to worker ¢ being unemployed.

Whenever a worker changes firm he pays a fixed mobility cost & > 0.
This can be interpreted as a moving or hiring cost.

16. Indeed, we assume that firms’ offers commit them for future periods.

17. We will see that, for insurance purposes, the worker may, in fact, receive (severance)
payments from earlier employers as well.

12
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Outputs and types. Firms learn about the workers’ types by
observing production outcomes of each period.

Consider some worker i € [0, 1]. Let i = 1 if worker i generates a
positive output at ¢ (thus revealing he is of type g), and y! = 0, otherwise.
We set yi) = 0.

The quality of the worker is a crucial state variable of this problem.
Let ¢! be the belief that a worker i is of good type at beginning of period ¢.
By Bayes’ rule, next period’s quality value is qéﬂ =1lify! =1and

g (1—p)
G(1-p+(1-q)

G = (2.1)

if y¢ = 0, with initial condition ¢} = X for all '8,

Contracts and contract offers. A long term contract specifies a
sequence of non-negative payments contingent on observed history which
includes worker-firm assignments, production and types. There is full
commitment from the part of the firm on the terms of the contract.

Lethi = {(yi_y, ¢\, fs (i)} _, be the agent i’s individual history at
the beginning of period ¢, after period ¢t employer has been chosen. Let H
be the set of all conceivable histories. For all s > ¢, denote by H (h¢; s) the
set of histories starting from node h; (including node h;) until period s. In
our model, individuals are identified with their histories. Let
(he\ft) = (ht—1,Yt—1, ¢) be a shorter notation for history h; without
specifying the worker-firm assignment at period ¢.

Definition 1 A feasible contract offer W} (hi\ f;) in period t by firm j € M is a

T :
collection {wg} of mappings wi : H (hy; s) x [0,1] — IRy such that, for all
s=t

i €[0,1] and hs € H (hy;s), wgz (hs) is the wage paid zn period s >t to worker

i. Moreover, we assume that if hi = hi , then wil() = wg’i,(-),for alls > t.

Notice that we assume that firms cannot post contracts offers that
depend on the identity of the worker per se, but we allow them to depend
on each past worker’s employment history. From now one, and to simplify
notation, we thus omit the worker index in the payment schedules.

At each period, all firms simultaneously post feasible contracts,
taking as given previous offers.

18. This stochastic structure of types implies that ¢ = 1 is an absorbing state. This way we
simplify the nature of contracts but the intuition carries over with a richer stochastic structure.

13
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Then, workers simultaneously decide whether to accept any new
contract, to remain with the current employer at the previously agreed
contract, or to go unemployed.

At each period ¢ there will be old contract in place as well. When
j € M, for some s < t, then W} (h¢\ f;) simply denotes the continuation of
the contract W after node h;. Unemployment corresponds to an offer

that pays zero under any present or future contingency. Let
; jreMtU{0}
W= {Wtjt ()} be the whole set of contract offers.
t=1,..T

Workers’ strategies. Worker-firm assignments are determined by
workers’ decisions in any period. We represent the choice of worker 7 by a
sequence of functions F} (-) of the form F} : H (hi\ f;) — M* U {0}.
Denote by F? = {Flt2 ()}?:1 a complete sequence of such functions, which
completely describes worker i’s choice.

These functions are essential in generating individual histories.
Consider such a sequence. Then, according to this sequence, at period 1,
worker i goes to firm f; (i) = F} (0, ) and the resulting individual history
is hi = {0} U (0, \, f1 (i) . Then, production y} takes place, and firms
update their beliefs to ¢} at the beginning of period 2. The firm
assignment f5 (i) of worker ¢ in period 2 is determined by the mapping
F} ( %\fg) = Fi ( RS qé), and so on until period T'. Notice that since
the unemployment offer is always in place, each worker’s decision function
F} (-) is well defined at each node.

Denote by F = {F’ (-)}
sequences.

i€[0,1] the whole set of workers’ assignment

Workers’ (social) preferences. Notice that the set of contract offers
W generate ftotal wage schedules wy (-) : H — IR defined a follows:

wy (he) = Y w] (hy). (2.2)

jeMt

Let w = {w; (-)}._, be a set of total wage functions.

In addition to the utility they obtain from their own wage — their
material payoffs — workers also experience (dis)utility from the material
payoffs of firm mates in their reference group. More precisely, if we let
wy (ht) be the worker wage at node hy, his instantaneous utility at period ¢

19. Recall that, by assumption, h(i) =0, y(i) = 0,and q"i = ) for all worker 3.

14
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is:
u(w (ht)) = A (W (he) — wi (b))

where w; (ht) is the maximum of h;’s firm mates’ wages in his reference
group and A(-) is the function expressing the aversion to inequity.

We assume that A(+) is zero-valued for z < 0, non-decreasing for
x > 0, continuously differentiable with A’(0) = 0, and convex. For
instance, A(z) = amax {z,0}”, with p > 1 and a > 0. Under these
conditions, 7 experiences a disutility if and only if /;’s co-workers highest
wage is higher than his own *. The material payoff is described by a strictly
concave and differentiable utility u.

We assume that the reference group of worker h; at period ¢
corresponds to the set of h;’s co-workers of same type than h; at period
t — 1. In other words, the reference group is not the whole set of firm
employees, but only those that enjoyed similar circumstances in the near
past ',

Denote by R; (ht) the reference group of worker h; at t. We have

Ry (he) = {hy € f () : q—y = @1 and f] = f;} (2.3)

where ¢;_1 is the quality of worker h; in period ¢t — 1 and f; and f; are the
period ¢t employer of worker h; and hj respectively (that is, the last entries
in h; and h}). Then, if R, (h:) has positive mass we have

wi (he) = sup  wy (hy) (2.4)
hi€R¢(ht)

which defines a max wage schedule relevant for social preferences. We
assume that w; (h) = wy (ht) each time Ry (h) has zero mass (including,
obviously, the case when Ry (ht) = ht).

In equilibrium, rational agents compute the max wage function
wy () using contract offers VW and allocation rules F. Let w = {w;, (ht)}z;l
be the set of such max wage functions.

Given a w and a W, by choosing a set of assignment decision rules F

20. Technically, this is an extreme version of difference aversion models such as Bolton and
Ockenfels (2000) and Fehr and Schmidt (2000a). There are other models of social preferences
were agents care about the actions of others (reciprocity). See, for example, Levine (1998) and
Charness and Rabin (2002).

21. More generally, we could have assumed that the reference group of worker ¢ at period ¢ is
equal to the set of i’s co-workers of same type than ¢ at periods t — 1 to t —r (for some fixed r),
with possibly different weight for each group. This extension would considerably enlarge the
state space, but all our results will hold with this more general specification as well.
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workers assign a lifetime utility value to each node h;\ f; in the usual way:

Tt
Us (h\fe, Fsw, W) = B | > w(wein(hein)) = A (@ (hein) = wilhein)) | e
n=0

(2.5)
Notice that the expectation operator is always well defined since F
specifies history h; which follows node h;\ f:, even for nodes which are non
consistent with F. When the other arguments are unambiguously defined
we will denote by Uy (ht) a function which associates lifetime a utility value
to each node h; € H. Let U = {0}, ()}?:1 be a set of such functions.

Definition 2 (Equilibrium). An equilibrium outcome is a tuple VW, F, U, w, W]
with the following properties:

1) Profit maximization: VV is such that, given the assignment F, and VV
. g gn
\{W{ (he\f1)}, each new firm j € M; maximizes its expected profits at
Wi (he\ fe);

(7i) Optimal assignment: F is such that each worker i maximizes his lifetime
utility (2.5) at F* taking as given w and W ;

(731) Rational Expectations: W and W are computed from W, F using (2.2), and
(2.3) and (2.4), respectively.

The optimal assignment strategies F can be constructed backward as
follows. Recall that fr_; (7) is the firm that employed worker ¢ at period
T — 1. Let b7\ fr be a last period node before firms make offers. At each
such node, the worker decides to remain inside the firm or to leave by
joining a competitor. Formally, worker i solves:

max  pUr (hr—1,q7, fr—1) + (1 = p) UF (hr\ fr)
pe{0,1}

where p =1 (resp. p = 0) stands for staying in (resp. leaving) the current
firm. The expression U}" (h7\ fr) corresponds to the best market offer,
that is:

Ur' (hr\fr) = sup Ur (hr-1, qr, j)

J#fr-1(i),jeM*U{0}

At equilibrium, fr (i) = fr—; (7) if and only if p* = 1. Otherwise, the
identity fr (i) of the new employer coincides with any of the best market
offers available *.

22. Ties are broken randomly.
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3. Optimal
Contracts: A
Recursive
Formulation

IN this section we show that the equilibrium allocation can be
characterized recursively. This is so because firms’ full commitment and
the possibility of paying severance payments make the equilibrium
constrained efficient.

For this purpose, we begin by formulating a recursive constrained
optimization problem. First, we define the optimization problem for the
last period. This is of course required because our setting has a finite time
horizon. Besides, the last period formulation allows us to discuss with
detail the constraints of the problem. Then, we present the general
recursive expression. Finally, we show that the equilibrium of our game
coincides with the solution of this optimization problem.

We first introduce some useful notations.

Good workers. Consider some worker ¢ that is known to be good at
the beginning of time ¢ (that is, ¢{ = 1). Then, from period ¢ + 1 on, the
reference group of worker 7 includes only workers’ of good type. That is,
for s > t + 1, only workers j with ¢} = 1 are in his reference group, and he
is only in the reference group of such workers. Because of this and given
our definitions of social preferences, there are no externalities across these
workers and any other any more. Thus standard arguments imply that
market competition and worker’s risk aversion produce for all s > ¢
equilibrium wages for these workers that are equal across periods and
production realizations (for insurance reasons), and across workers.

Workers of yet unknown type. Consider a firm f designing the
contingent payments to be effective at the end of period t. Workers that
were not working in f in the previous period do not belong to the
reference group for workers already in f att — 1 and vice versa. Thus, their
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contracts can be treated separately from the point of view of firm f.
Similarly, as we argued before, workers i with ¢!_; = 1 can be treated
separately as well.

Thus we only need to focus on the characteristics of contracts for
workers with ¢{_; # 1, and who were employed in firm f att — 1. We
denote by wy; (respectively, w,;) the wage of such a worker when y} = 1
(respectively, yi = 0). It follows from our definition that these payments
are independent of the identity ¢ of the worker and that of his employer f.

The recursive formulation: last period. Whenever no confusion is
possible, and to simplify notations, we use letters without time subscripts to
denote choice variables.

We consider first the firms’s problem in the last period (at date
T —1). Let g be the average quality of the current pool of workers within
the same reference group (agents who had the same past history till the last
period and enrolled in the same firm). Denote by 7 the profits the firm
makes out of this group. If we denote by Vr (7, q) the ex-ante (before
production of the previous period realizes) utility of a worker who belongs
to this poll. We have:

Vr(m, q) = max pqu(wg) + (1 = gp) [u(ws) — pA(w(q))]

Way, 7w9 P

subject to

o)
m
—
=
—_
—
SRS

]

=ity

w(q) = wg — wy [a]

u(wy) — pA(w(q)) > u(pqu — k) [u]

u(wg) > u(p — k) 9]

pq (p — wg) + (1 = pq) (Pqu — wu) — (1 — p) min{pg,1 —pgtk > 7  [n]

We comment on this optimization problem.

Equation [g] is the Bayes’ rule (2.1) for the average quality of the
workers of still unknown type.

Equation [a] computes the difference between the wage w,, of
workers of unknown type in the firm and the workers of good type. This
difference is the source of the social preferences disutility (thus, cost for
the firm).

Equations [u] and [g] are the participation constraints of,
respectively, workers of type u and g. The left-hand side is simply the utility
of accepting the proposed contract. The right-hand side is the utility
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derived from the market wage. This market wage results from the
zero-profit condition for the highest bidding entrant. More precisely, we
know that workers of type u generate on average pg, this period. The zero
profit condition for these workers is then:

where w;; is the market wage. However, since these workers must pay the
moving cost k we can assume that this cost is transferred to the firm. Thus,
firms’ profits are equal to k£ and workers’ net earnings are
w;, — k = pq, — k. Similarly, the market wage of type g workers is such that
p — wy = 0, and net earnings are wy — k = p — k. Notice that since g, < 1
the right hand side of [g] will always be larger than the right hand side of
[u]. This is why good workers will never be affected by social preferences.
We now explain the constraint [p]. In our context, firms offer
long-term contracts and face competition by entrants. Thus, a firm who
keeps workers of the same type together faces a cost due to workers’ social
concerns. On the other hand, firms are somewhat shielded from
competition (thus pay slightly lower wages) because of the moving costs
that a competitor needs to pay in order to steal new workers. Hence,
keeping workers in the firm is a matter of choice, and the probability of
keeping the worker p models this choice. The main trade-off here is
between the cost (higher wages) generated by social concerns and the
benefit (lower wages) arising from the hiring cost. In principle, a firm
might want to let go either the good types, or the unknown types, or both,
depending on the circumstances *.

We show in the appendices that the firm always fires the workers
from the smaller-sized pool (either the good or those of yet unknown
type), and thus one can formulate the problem with only one p, that keeps
track of whether somebody is fired at all.

Equation [7] guarantees that, with the proposed wage contract, the
firm can secure expected profits at least equal to 7.

The recursive formulation: the general case. Let V;(, q) be the
ex-ante utility of a worker who belong to a reference group of average
quality g, when the employer is expecting to make an ex-ante level of
profits equal to m when there are T' — t > 0 periods before the end.

23. For example, the cost due to social concerns varies with workforce composition. By taking
different decisions as to which type of workers leave, one can modify the workforce composition
and, thus, change this cost.
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Obviously, V7 = 0, in general we have:

(1 = pq) [u(wu) — pA(w(q)) + Vi1 (T, qu)] }

Vi(m,q) = = max { +pq [u(wg) + Vigr(mg, 1)]

Wy, Wg, Py Tu,Tg

subject to

pef01}p ]

w= ity

w(q) =wg—wy  [d]

u(wu) - PA(@(Q)) + ‘/t+1<771u QU) > Vtm(kv QU) [u]
w(wg) + Vigr(mg, 1) 2 V" (k, 1) [g]

pq(p — wg + 7g) + (1 = pq) (Pqu — Wy + 7))
—(1—-p)min{pg, 1 —pgtk>m  [r

where

m _ u(w) + Vit1(m, q)
Vi (k’Q)_I{lu%rX{s.t. pg—w+m—k>0

is the maximal utility obtainable in the market by a pool of workers of
quality g. Hence, for good workers (¢ = 1) we have:

m _ u(w) + Viga(m, 1)
W(k’l)_r?u%rx{s.t. pg—wH+nm—k>0 [’

It is easy to see that the problem for good workers is fully stationary. In this
case the market contract consists of a constant wage wy, = p — ﬁ
Indeed, when g = 1, there is no further heterogeneity in the pool, and
hence Vi(m,1) = V/™(m, 1) for all w, t. Then, V;(m,1) is a strictly concave
and differentiable function (see appendix 3), with

0 oy 7
I

which leads to the expression for the wage.

The equivalence result. The following result guarantees that we
can solve for an equilibrium of the game in section 2 by characterizing the
solution to the optimization problem defined above. Besides, existence of
the equilibrium is guaranteed.
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Proposition 1 (recursive equivalence).

An equilibrium of the game described in section 2 always exists. Let the policy
Junctions O(0,A) = {we, T, Tap, W, P}, oy, p and the value functions
V(0,\) ={V;, V/"},_1 1 be a solution to the maximization problem described in
section 3 when m = 0 and q1 = A. Then, in any undominated equilibrium

W, F,U,w, W| of the game the wage offers, firm-worker assignments and payoffs
of all workers (except for at most a measure zero set of them) are given by O(0, \)

and V(0, \).

At this equilibrium, the ex-ante utility of a worker belonging to a
reference group of average quality ¢ is E [Uy (hy) | hi—1] = Vi(7, q).
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4. Optimal
Contracts: The
Results

4.1. The case without social preferences

We aim to understand the effect of social preferences on the allocation of
workers to firms and on the wage profiles. For this purpose we first
describe the predictions of our model in the absence of social concerns,
that is, when A = 0. In this case, the model extends Harris and Holmstrom
(1982) (HH hereafter) to a setting with mobility costs, & > 0. The case
when k = 0 is a discrete support of human capital levels version of HH.

Proposition 2 (no social preferences). Assume that there are no social concerns
(A=0). Then:

(i) when k =0, the firm-worker assignment is indeterminate;

(73) when k > 0, no worker ever leaves his initial employer, that is, p, = 1 for all
t;

i11) forallk > 0, the wage schedule is downward rigid, that is, W, 411 > Wyt
g gt Jt+ ;
forallt and z, 2" € {g,u};

(1v) wages are stationary for a given type, that is, w, 1 = w4 for allt and
z € {g,u}.

For very large levels of £, the market pressure is so low that the firm
can fully insure the workers and pay them their expected productivity each
period, i.e. w; (ht) = Ap for each equilibrium history h;. For more
moderate levels of moving costs (including £ = 0) the model generates
monotone (downward rigid) wages. In period 1 each worker is paid less
than his expected productivity and the wage remains constant until the
worker is revealed to be good. When the worker’s type is revealed, he will
be approached by an external firm, and his wage within the original firm
must increase to match the market offer. His wage remains constant from
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that period onwards. Notice that when £ > 0, there are neither quits nor
layoffs, and when k = 0, worker flows are indeterminate.

4.2. 'The case with social preferences and without
mobility costs

From now on we will consider the case that there are social preferences,
that is, A(x) strictly increasing when = > 0. When k = 0, we have a full
segregation result, i.e. there will be no workers’ heterogeneity within the
same firm, and all wage dispersion is between firms.

Proposition 3 (skill segregation). Ifk = 0, then p; = 0, for allt, that is, firms
hire from only one skill pool. Hence wage dispersion within the firm is zero, but
overall wage dispersion is maximal and identical to the case without social
preferences described in proposition 2 (with k = 0).

In the absence of mobility costs, segregating the workforce saves on
the pecuniary externality created by competitive pressures and the
presence of social concerns within firms. In other models which produce
segregation, this is driven by a direct externality over others’ attributes **.
Agents, say, have preferences over the types of others. Here, preferences
are only indirectly affected by the types of others, as the primary
externality is induced by economic outcomes (which are, in turn, shaped
by differences in type productivity and competitive pressures).

A corollary of this result is that worker compensation in this
framework has the same structure as in HH. The good type, which has
completely revealed his type, receives his expected productivity. For the
other type, compensation are downward rigid and trade off the insurance
concern of the risk-averse agents with the competitive pressure. Insurance
creates a tendency to have constant wages. But since workers are free to
move between firms, the good types necessarily have to be compensated
when they reveal their type. The key difference with respect to HH is that
here some workers actually leave the firm, i.e. this model produces worker
flows. In addition, notice that social preferences imply that in this extreme
case all the observed wage dispersion is between firms. Within the same
firm all workers receive the same wage. Finally notice that if those who
leave are not the good types, they might be entitled to a compensation that
is higher than their expected productivity. Since the new firm does not pay

24. Seminal works in this area are Becker (1957) and Schelling (1971).
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a wage in excess of expected productivity, the difference is made up by the
former employer, in the form of severance payments ».

Notice that also in the case with social preferences for very large
levels of k, the market pressure is so low that the firm can fully insure the
workers and pay them their expected productivity each period, i.e.
wi(he) = Ap.

4.3. The general case

We now consider the general case with both social concerns and mobility
costs. That is we assume that A(z) is strictly increasing when z > 0, and
that £ > 0. With respect to the previous case (where k£ = 0), the
introduction of frictions in the form of mobility costs creates a trade-off
between the gains in efficiency stemming from lower inequality when
workers are free to move between firms and the loss created by the hiring
cost associated with these moves. The wage structure will subsume this
source of inefficiencies in three different ways, which we analyze in turn.

First, through lower intra-firm wage dispersion. When the cost of
mobility is not too small there is heterogeneity in the perceived skills
within firms, which induces differential wages because of competitive
pressures. Because of social preferences workers of yet unknown type
suffer a loss in utility. To compensate them (thus avoiding quits to the
competitors), the firm pays them a higher wage than that they would
receive in the absence of social concerns **. We call this effect, wage
compression. Thus, social concerns add a new source of wage compression
in addition to the one already derived from insurance.

More formally,

Proposition 4 (wage compression). Assume that at two successive dates with
piy1 =1, we have 0 < w(q) < W(qi41), then wyy < Wy 1. In particular,
when social concerns are not active in the current period but are active next period,
the next period wage for workers of yet unknown type is larger than their wage in the
current period.

25. The presence of severance payments allows the firm to pay smaller wages during the em-
ployment period. In this way, one can reinterpret this payment (and the lower wages in the
past) as an optimal unemployment insurance scheme (see Hopenhayn and Nicolini, 1997 and
Pavoni, 2004).

26. The higher wage for the unknown type reduces the wage differential that creates social
concern. In particular w,, increases even when the constraint [u] is slack.
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The second observational implication of frictions in our model is
that the reaction (in term of wage increases) to new positive information
about workers will be more gradual than one would expect from pure
market forces. We have assumed that the reference group within which
social concerns are active is composed by co-workers who recently were in
similar circumstances. An immediate reaction of wages to productivity
followed by a flat wage scheme is optimal from the point of view of
intertemporal smoothing of the worker whose good type has just been
revealed. This one-step wage increase is, on the other hand, costly from
the point of view of social concerns. It would be preferable to do a more
gradual increase, taking advantage of the fact that any wage increase,
however small, would separate the lucky worker from the reference group
of the less fortunate ones. This creates the scope for reducing the cost of
inequality by making the transitions more gradual.

We call this gradual promotions. This is a qualitatively new feature of
the wage dynamics, where firms exploit an endogenous dimension of the
worker’s preferences, the reference group, which they manipulate through
the reaction of wage patterns to output realizations.

Notice that —as proposition 2 (¢v) shows— this feature of the wage
profile is generated in our model by social preferences, i.e. it is not present
in the model when A = 0.

Proposition 5 (gradual promotions). Ifw(q;) > 0, and p, = 1 then

Wy 41 > Wq.t, for a worker revealed to be good at timet (that is, for workeri such
thaty’ = 0, for all s < t, and y; = 1). In other words, when the wage of the
workers of the good type is meant to increase because the participation constraint is
binding and social concerns are active in the current period, the wage for workers of
the good type increases gradually towards their (known) productivity.

A final observation regarding the dynamic pattern of wages is that
they do not need to be monotone, unlike in HH, where wages are
downward rigid. We find that wages can decrease after an expansive phase,
because the reference group for wage comparison changes during this
phase, and so do the social concerns that condition the wages that are
paid. We call this wage non-monotonicity.

Proposition 6 (wage non-monotonicity). Consider three successive dates with
pr = 1, and both w(qi—1) < w(qt) and W(qep1) < w(qe). Then, if constraint [u]
is not binding at period t + 1, both wy, 11 < Wyt and Wy 141 < Wy . In
particular, if social concerns are not active in periodst — 1 and t + 1 but are active
in period t, the wage increases betweent — 1 and t and then decreases in period

t+ 1.
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Notice again that this result is not present in the model with no
social concerns, and that this is a characteristic of the first three periods of
a relationship ¥

27. After the third period, the wage of the unknown type decreases as long as k > 0 because of
the finite time-horizon effect.
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5. Final Remarks

'THIS working paper provides a new dynamic competitive equilibrium
model of the labor market. The presence of social concerns and mobility
costs has both cross section and time series implications for the market
allocations of workers to firms, for within and between firm wage
dispersion, and for the internal wage structure of the firm.

First, social preferences generate workplace skill segregation, whose
extent decreases with mobility costs. This prediction is consistent with the
widening of inter-firm wage variance observed in the last decade (see
Kramarz, Lollivier, and Pelé, 1996 for France; Kremer and Maskin, 1996
for the U.S.). Second, social preferences and mobility costs reduce within
firms’ wage variance (documented empirically by Goldin and Margo, 1992;
or Katz and Murphy, 1992). Third, individual wage changes at the firm
level are serially correlated, consistently with the findings of Baker, Gibbs
and Holmstrom (1994). Fourth, unlike in Harris and Holmstréom (1982),
wages can decrease within the firm in our model. These decreases are
correlated with reorganizations and/or absence of promotions.

The model, thus, generates a broad range of implications. Lessons
drawn initially from the experimental laboratory, once incorporated into
standard models of organizations and markets, provide new quantitative
and qualitative predictions which enrich our view of how the labor market
operates.
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Appendix 1. Proof of Proposition 1

THE aim of this section is to establish the equivalence between the
original equilibrium problem with social preferences and workers
assignment decisions (the game of section 2) and the recursive
formulation in section 3. We will then prove some properties of the
associated value function in appendix 3.

Proof of proposition 1 (recursive equivalence):

The existence of an equilibrium [W, F, U, w, W] is established
constructively.

First, at period ¢ = 1, undominated contract offers must be such that
payments from firm j are zero for each history h; such that j ¢ f1([0,1]).
Hence, we can assume that only one firm makes non-zero payments at
each hj. Then, standard arguments imply that U; (k) = V{"(0, A), that s,
worker payoffs at the beginning of the game correspond to the market
threat. Indeed, if a contract offer W;(0, A) accepted in equilibrium by
some worker did not solve the following problem:

m _ u(w) + Va(m, A)
Vit(0,4) = g { s.t. pA—w+7 >0 (ALL)

then, either the offering firm would not make non-negative profits (the
budget constraint above would not be satisfied) *, or the offer would not
maximize the worker’s utility, or both. In all cases this would generate a
contradiction for the following reasons. First, the fact that an equilibrium
offer cannot generate negative profits ex-ante is immediate from the
definition of equilibrium *. Second, if the offer W were not utility
maximizing, there would exist another offer with positive profits delivering

28. Notice that 7 reppresents the expected profits of the firm regardless of the details of the
future offers.

29. Profits can be computed as follows. Given the specified equilibrium, let

i 1, if hy is such that f (7)) = j
j _ t t
03 (he) = { 0, otherwise

Then, firm j’s expected profits (the density) from worker ¢ at history h; are given by the fol-
lowing expression:

o+

T—t
m () = E [Z (5Z(ht+s)y§+s - w§+s,i(ht+s)) \ ht}
s=0
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a higher utility to all workers; some competitor would make this offer and
attract these workers.

Consider now a history h; and consider the set of workers ¢ for which
i # 1. We denote by Pyt (resp. pg ) the symmetric equilibrium decision
of all workers i such that y; = 0 (resp. y; = 1). For all workers 7 such that
¢ =1, p, = 1is an optimal choice.

Let now consider the ex-ante utility Va(7, \) and in general V; (¢, 7),
t > 2. We now show that V; (¢, 7) = E [Uy (ht) | ht—1] solves the following
optimization problem:

Vilg,m)= max  pg{p,[u(wg) + Vig1 (mg, D] + (1= p,) Vi (k — 54, 1)}

W,Wz,S5z,045,T =

+ (1= qp) {pu [ulwa) = pgA (@(q)) + Virr (Tus qu)] + (1= pu) V" (B = $u,qu) }
(Problem 1)

subject to
p. €{0,1},z=u,g  [p]
qQu = % [q]
wlg) =wg —wy  [0]
Pu [U(WU) - ,OgA (G(Q)) + Vit (7Tu7 Qu) - V" (ka QU)] >0 [u]
pg [u(wg) + Vg (mg, 1) = V" (K, )] 20 [g]

and the budget constraint:

pq [Py (p—wy +74) + (1= py) (—5g)]
+ (1 =pg) [py (PGu — wu + mu) + (1 = py,) (—8u)] > 7. [7]

Given a solution to this optimization problem, we construct an equilibrium
W, F,U,w,w|.

Consider a history h; such that ¢; = 1 for some worker ¢ (good type).
Worker i’s ex-post utility is U (ht) = u(wg) + Vi1 (74, 1) when p, , = 1, and
thus f;(i) = fi-1(9). Itis U (ht) = V;™ (k — s4,1) when p,, = 0, and thus
ft(i) # fi—1(i). Ex-post utilities for workers with ¢; # 1 are defined
similarly. The equilibrium payments w; (h¢) corresponds to wy (resp. wy)
if in h; we have ¢; = 1 (resp. ¢; # 1) regardless of the specific firm entry f;.
And the profits values are the expected profits of firm f; at node h;
regardless of the details of the other firms’ offers.

Clearly, when p, = 1, z = u, g the constraints [u] and [¢g] must be
satisfied by the equilibrium value of utility U (h;), since the worker
maximizes at each such node. The market values V;"* satisfies (Al.1) for
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the same reasons given in the initial period. Notice, indeed, that when
p. = 1, firms other than f; make zero payments at equilibrium.

Notice first that if the worker were never to leave after ¢ (that is,
Pg.s = Pu,s = 1 forall s > ¢, then the payments will always be made by only
one firm and the equivalence between Problem 1 and the equilibrium
follows from standard arguments in the recursive contracts literature *.

Let’s consider now the case where the worker changes firm at ¢ for
the first time, say p, ; = 0 (the case p,; = 0 is similar). Since p,, =1, by
the monotonicity of V;™ in its first argument we have s, = 0. Hence,
lifetime utility of type g workers solves the recursive problem by the
argument made above for market and period 1 values.

Consider now the problem related to w,, 7, and s,, when p, = 0.
We must show that the total wage w; (h:) received in equilibrium by a
worker 4 with history hy = hy_1 U (0, gy, f¢) can include some payment
w] (ht) from firm j even though f;(i) # j. We further show that the
unidimensional choice of s, suffices to fully describe such payment.

Notice that firms do not care about the timing of payments. In
particular, s,, may correspond to a lump sum payment or to a stream of
payments during multiple periods. However, since firms take as given
existing offers when making new ones, these new offers must complete
optimally the pre-existing payments in equilibrium. This implies that if
V™ (k, qu) defines the maximal utility the agent can get from a market
offer, then V;™ (k — sy, ¢,) must be the lifetime utility the worker can get
given that firm f;_; pays s, in expected terms, independently of the form
of such payments. In equilibrium s, must hence be optimally chosen. If
the stream of payments were not chosen to solve Problem 1, at the
moment when firm f;_; made the offer it would be the possible to offer a
better contract to the agent. This alternative contract would typically
deliver more insurance to the worker.

Notice that a solution to the recursive problem exists since all
objective functions are continuous and wage payments can be bounded
below by 0 and above by 1. Profits can be bounded above by T" and below
by —T', so as to have a compact choice set. We now use the optimal policy
to construct an equilibrium of the game and to show simultaneously
existence and the equivalence result.

The functions wy (+) , W (+) , and Uy (+) can be derived directly from
the recursive formulation. By construction, the profit values derived by the

30. The problem is then a simple extension of Thomas and Worral (1988). See also Ljungqvist
and Sargent (2000).

31. We will see that p; , = p,, ; = 0 is never optimal as long as k > 0..
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policies are nonnegative ex-ante. We now need to specify W, F. The
proposed equilibrium starts with all workers equally distributed among M
firms. If at some date ¢ for some type z we have p, , = 0 then assume that
all leaving workers get distributed equally among new firms M; and so on.
This equilibrium assignment can be generated by a V¥ where all firms in a
given period offer exactly the same contract, which specifies zero payments
for all nodes emanating from an initial node with f; # j, and the
appropriate distribution of policies F so as to have an equal distribution
among firms. Finally, we complement the recursive policies by setting
payments to zero at all node not reached in equilibrium. It is then easy to
see that such offers constitute an equilibrium.

We now show that this problem actually takes the form of the
recursive formulation in section 3 by showing that through the severance
payments firms internalize the wage losses (due to the moving cost k) of
the worker in case of a transition between firms. They hence operate as
planners, solving a constrained efficient allocation problem.

Severance payments in the two-period case. We consider first the
case where T' = 2. The equilibrium contract must maximize the agent’s
equilibrium utility:

max _ u(w) + pq [pyu(wg) + (1= p,) u(p — k + sg)]

W,Wz,Sz,p?

+ (1= qp) {pu [u(wa) — pyA (@(q))] + (1 = p) [ (Pgu = + su)]}

where the social concerns element is multiplied by p, since when p;, = 0
they disappear as the pool inside the same firm is homogeneous. The
constraints are

pZE{O,l},z:u,g [p]
__a-p)
W= gy 19
w(q) =wg —wy 0]
[u(wy) — A(W(q)) — u(pgu — k) py, >0 [u]
pg [u(wg) —u(p — k)] >0 9]

Notice that the participation constraint must be satisfied only when p, =1
and that in this case the right hand side is such that there are no payments
in the (of-the equilibrium) case the worker left.

The budget constraint is:

pg—w+pq [py (p—wy) + (1= pgy) (—s4)]
(1 —19) [Py (Pqu — wu) + (1 = py,) (—5u)]
> 7
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where it is taken into account that if p, = 0 the firm must pay a severance
payment. Denote by ¢ the associated multiplier.
Now assume for example that p, = 0. The optimal severance
payment s, solves
/
u (pqu =k +5,) = br

The first order condition for w is
u (w*) = ¢,

Hence we have that s;, = w* — (pg, — k) . Similarly, when p, = 0 we have
that s; = w* — (p — k). Typically, (p — k) > w* hence s would be a tax but
the limited commitment of the worker will imply that s = 0.

Notice that when pg < 1 — pq for example, the two period problem

can be written as follows

Vi(m,q) = o x| u(w) + pgu(wy) + (1 — gp) [u(wy) — pA (w(q))]
subject to
pe {0,1}  [o]
w= ity 1
w(q) =wg —wu o]
u(wu) - (w(Q>) Z u(pQU - k) [u]
u(wg) > u(p — k) [g]
pq (p —wy) + (1 —pq) (pqu — wu) — (L = p)pgk > 7 [n]

where p = p,,.

Severance payments in the general case. We now consider the
general case. Our aim is to show that Problem 1 is equivalent to the
following Problem 2:

Vi(m,q) = max

Wz, TzL,

{ (1= pq) [u(wu) = pypuA (@(q)) + Vi1 (Tu, qu)]
+pg [u(wy) + Vit (mg, 1)]
(Problem 2)
subject to
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]

Qu q(131($?87q) [q]

w(q) = Wy — Wy, [a]

u(wy) — pupgA(w(Q)) + Vi1 (Tu, qu) > Vi (K, qu) [ /}

u
u(wg) + Vig(mg, 1) = Vi"(k, 1) lg'
pq[p—wg+mg— (1—p,) k] +

(1 —pq) [pgu — Wy + 70 — (1= p,) k] >

where

V%nft(ka q) = max

w,m

{ w(w) + Vi1 (m, q) }

s.t. pg—w+mT—k=0
Proposition 7 Let w*, w}, 7%, pi be the solution to Problem 2. Then (i) w},
solve Problem 1 whenever p;; =1 for z = u, g. (it) If p;, = O then the solution to
Problem 1 is obtained by setling —s,, = pq, — wy, + 7y, — k and

(w, Wy, ™) = (W, wy, 7)) - (i) If py = O then sy = 0 and

(w, wg, my) = (w*,w;,W;).

Notice that we haven’t contemplated the case where both
py = pg = 0. This is so because, as we will show below, this situation never
arises at equilibrium.

Proof. (i) is straightforward. To show (ii) notice that once
—Sy = Pqu — Wy, + m,, — k the budget constraint in Problem 1 coincides
with that of Problem 2. Moreover, the objective function both for w and
wy and 7y are identical in the two problems, and the remaining constraints
coincide as well. As a consequence, each solution for those variables of the
first problem must also be a solution of the second problem. It remains to
be shown that the so defined s, is optimal for Problem 1. We are going to
show that it satisfies the first order conditions. Notice that the first order
conditions for s, and w in Problem 1 are

9 m oy
a—WVt (k — sy, qu) = v/ (w).

where from its definition V™ (k — s,,) solves
u(wy) + Vir1(mu, qu)

Vtm(k_sanu) :glzirx s.1. PQu — Wy + Ty >k — 8y
e = pqu — W, + .
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Notice that by construction, the problem above coincides with that faces in
Problem 2 when we have chosen w};, 7. Hence its solution w,,, 7, must in
particular be such that w, = w;, and 7, = 7,,. By the envelope theorem
%V}m (k — Su,qu) = v (wy) and from the first order conditions in
Problem 2 we have v’ (w*) = ' (w}) hence we are done.

Given the expression for V," above, it is straightforward to see that
the objective functions of Problem 1 and Problem 2 are identical. We now
show that the budget constraints are also identical. By construction, this is
trivially true for the budget constraint [7] and [7']. First, when p, = 1, then
[z] and [2'] are identical, for z € {u, g}. Second, suppose that p, = 0. In
Problem 1, the constraint [z] disappears. In Problem 2, the participation
constraints [2'] are trivially satisfied. Indeed, for all z € {u, g}, we have:

u(wz) + Vigr(mz,2) = V" (k = s2,42) 2 Vi (k, ¢z),

where the last inequality derives from monotonicity of V;" and the fact
that s, > 0.

The p decision. To get to the final formulation of the main text we
need the following lemma.

Lemma 1. Ifk > 0, in the optimal contract, (p,,, p,) # (0,0).

Proof. Notice that from the objective function and the participation
constraints when p, = 0 then p,,,, = 1 is weakly optimal. But then from
the budget constraint setting p,, = 1 is strictly optimal as long as k£ > 0.

Lemma 2. Ifin the optimal contract p,, + pg =1, then ifpg < 1 — pq then
(pu7pg) = (170)7 lqu >1 —Dpq then (puvpg) = (O) 1)

Proof. We saw above that when p,, + p, = 1 the only difference for
the optimal choice is made by the budget constraint. Hence the result
comes immediately since when pg < 1 — pq the good type are the less
numerous.

These results lead to the expression in the main text.
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Appendix 2. Proofs of Remaining Propositions

ALL proofs that follow will be based on the recursive formulation of the
problem and the differentiability of the value function. The equivalence
between the sequential problem and its recursive form it has been shown
above. The properties of the associated value function V; are formally
shown in appendix 3.

Proof of proposition 2 (no social preferences). (:)-(it) Are
straightforward. (iii)-(iv) Are the key results in HH, whose proof fully
applies here. Here is the formal proof. In the absence of social concerns,
the problem can be written as follows:

Vi(mq) = =~ max (1 —pg) [u(wa) + Viga (T, u)]+pg [u(wg) + Viga (g, 1)]

wuvwgvpvﬂ'uvﬂ-g

subject to

pe{0,1} [
_ __q(-p)
Qu = q0—p)+(1—q [q]
u(wy) + Vi1 (Tu, qu) > V" (K, qu) [u]
u(wg) + Viga(mg, 1) = V" (k, ; (9]

pa(p — wg +7g) + (1 — pq) (pgu — wy + wu)
— (1= p)min{pg,(1 —pg)}k>7m  [n]

(i) It is clear from constraint [7] that as long as k£ > 0, p = 1. (ii)) When

k = 0, and again from [r], any retention decision p € {0, 1} is optimal. As a
result, the market assignment of workers to firms is indeterminate. (%)
Now take the first order conditions and use the envelope condition to get

0
— 2V (n,
W for z=wu,g (A2.1)

u'(w,) = — (72,92) =

o,

where ¢, is the Lagrange multiplier associated to constraint [z]. Since
@, > 0 wages are weakly increasing as stated in the first part of (iii). To see
the second part of the statement, notice that the right hand side in [u]

38



SOCIAL PREFERENCES, SKILL SEGREGATION AND WAGE DYNAMICS

decreases with ¢. Hence ¢,,;, = 0 for all ¢ and the result follows from the
first order conditions. That is, a constant wage (as required by insurance
motives) also solves the participation constraint. (7v) When in (A2.1)

qbg > 0, we might have an increase in wage. However, once the type is
revealed the problem for these workers becomes stationary.

Proof of proposition 3 (skill segregation). When k = 0 the
participation constraint [g] is always binding (otherwise the firm could not
make zero ex-ante profits) hence setting p, = 1 will induce social concerns.
Setting p, = 0 increases the objective function and relaxes constraint [u].

Proof of proposition 4 (wage compression). In appendix 3 we
show that, despite the fact that the function is not always differentiable or
concave, we can without loss of generality restrict attention to
differentiable points. We can hence apply the (local-differentiable)
Kuhn-Tucker theorem to show existence and non-negativity of the
multipliers .

We will focus on interior contracts. The necessary conditions for an

interior optimum are (recall that %}Zt)) =—A (w(q))) :
W (wa) + oA (@) = o and (422
7 1 + qbu,t
¢7‘r,t _ 0

1560, —  Ome : A2.3
1+ ¢y Oy 141 1 (Tut1s Quierr)  ( )

From the next period envelope condition we also get

0

_87‘/%—&—1(71'11,75—%1’ Qut+1) = Pri41 (A2.4)
Tu,t+1

Now since w(gi+1) > 0 and p; . = 1. Then, (A2.2)-(A2.3) att+ 1 and
(A2.4) imply:

0
87I-u,t+1

= U (wyy) + peA (W(q))

[Ul(wu,tﬂ) + A (@(Qtﬂ))] (1 + ¢u,t+1) ‘/t+1(77u,t+1a C]u,t+1)

32. For the technical reader, notice that we are assuming that the Kuhn-Tucker constraint qual-
ifications are satisfied. A sufficient condition for the constraint qualifications is Slater condition
for the existence of a strict interior feasible contract.
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Comparing the conditions in two successive periods we have

[0 (wa,e41) + A (0(ge41))] (14 Pupr1)

0
= - V (Qu,t+1, 7Tu,t+1)
aﬂ'u,tJrl

= u'(wyy) + peA (W(ge))

Since w(q:) < W(qu,t+1), by convexity
A (@) > A (@(@)) ) Guger >0, and p, < 1imply that
W (wy,t41) < ¥ (wy,t). The result hence follows from the concavity of w.

Proof of proposition 5 (gradual promotions). The first order
conditions in each period for w, and w4, when p, = 1 are (recall that

OA (@) — A7 (g5(qy))

Owg, ¢t

W) (14 0y) = A (8(a) = 6, .
T Omgin1 Vt-i—l(ﬂ'g,t-i-ly 1) (1 + ng’t) = Qbfr,t '
and the envelope condition next period after a good realization:
0
) Virr(mg41,1) = Prpr1 (A2.6)
Tg,t+1

Equation (A2.5) implies that:

LD
B 1 +¢g,tA (w(qt)) B

' (w) ;) Vit1(mg+1,1)

- O g,t41
Next, notice that when the type is revealed there is no social concerns
since there will be no heterogeneity on the workers. So (A2.5) att + 1 after
a good realization, and (A2.6) imply that:

0
u/(w;7t+1) = “on tHVi—i-l(Wg,t—irlvl)
g7
1
— / 0 . A/ ~
)~ g A e

and the result follows since when w(g;) > 0 then A’ (w(q:)) > 0.

Proof of proposition 6 (wage non-monotonicity). The fact that
Wy t—1 < Wyt follow from the proposition on wage compression. We show
that wy, 141 < wy,¢. The first order conditions for workers of unknown type
(A2.2)-(A2.3) at periods ¢ imply that:
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0

() + A (5(a) =
Tu,t+1

Vi1 (Tut+1, Qut+1)

The next period envelope condition for an interior contract is:

0
8"Tu,t-i—l

U (Wu,t11) + P A (W(qes1)) = Vit1 (Tut4+15 Quyt+1)

Hence
u/(wu,tﬂ) + Pt+1A/ (w(qe41)) = u/(wu,t) + A (w(q))

and the result follows again from p, ,; < 1, since w(q;) < w(gs4+1), the
convexity of A and the concavity of u.
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Appendix 3. Properties of Vy_,

The conditional value functions. For any period ¢, consider a
sequence of history-dependent dummy variables
Py = {prin(hiin) | he}EZL, where hyys is such that gi4s # 1 for the agent
under consideration (notice that when ¢ = 1 we can w.l.o.g. assume
ps (hs) = 1). Notice that p; is hence a deterministic vector of length T" — t.
Denote by Y, the set of all possible p, and by V;(, ¢, p;) the solution to
the general recursive problem in section 3 when the workers’ decisions
correspond to p,. It solves

V;f(ﬂ-a Q7pt)
= max (1-pg) [u(wa) — pA(@(q) + Vi1 (Tus qus 1)) +

Wy, Wg , Ty, T g

pq [u(wg) + Vig1(mg, 1)]
subject to [q], [u], [g] and [r], where p;,; € X1 is the continuation of p;.
Lemma 3. V(7, q, p;) is concave and differentiable in 7 for anyt, q and p;.

Proof. By backward induction on the Bellman operator defining V}
starting from Vi1 (7, ¢, py) = 0 it can be shown that the conditional
function V; is concave and continuously differentiable in 7 for all
t,q, p;y € XYi. With

4 A(@(e))

0 oy
—th(ﬁ,q, py) = u'(wy) — pdTut

This is so since both u () and —A (-) are concave and differentiable, by the
usual Benveniste and Scheinkman (1979) perturbation argument, each
conditional value function V; is differentiable at any interior point (see
also Stokey, Lucas and Prescott (1989); Theorem 4.10).

The upper envelope. We now describe the value function V; as the
upper envelope of the conditional functions V;(7, ¢; p;) we just defined.

Lemma 4. The upper envelope function

‘/t(ﬂ-aQ) = prneajrxt W(Trvq’ pt) (A?)l)
t
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always admits both right and left derivatives that satisfy:
Vit (m,q) 2 V7 (m,q)

Moreover, this upper envelope is almost everywhere differentiable and, whenever the
derivative exists, we have:

0 0 .
%‘/t (W,q) = %VZ (777Q7pt (ﬂ-?(Z))

Sfor all pf (m,q) maximizers of (A3.1).

Proof. Notice that we can apply directly the Daskin (1967) extended
envelope theorem to this problem. The key assumptions of the theorem
are that (i) a%‘/t(ﬂ', ¢; p;) must be continuous jointly in (7, p;) for all ¢; and
that (ii) the set Y is compact for all ¢. This is indeed the case since for any
given p, (%V}, is continuous in 7, and (since T < o0) the set Y is a finite
set for all ¢. For a restatement of the theorem, and simple proof, see
Lemma 11 in Pavoni (2004).

Lemma 5. In equilibrium, 7 will always be chosen so that Vi (1, q) is
differentiable.

Proof. We know from the previous Lemma that
V" (7,q) >V, (m,q). If we can show that V" (7, q) <V, (,q), then
V" (m,q) =V, (7, q), and the result follows.

For interior contracts we can distinguish two cases. We restrict to
p = 1 (the case p = 0 follows mutatis mutandis). Notice that by
monotonicity the budget constraint [r] is always satisfied with equality.

Case 1: No participation constraint is binding. In this case, social
concerns are not active, and the firm in period ¢ maximizes

pq [u(wg) + Vigr (7g, )] + (1 = pg) [u (wu) + Vi1 (Tus Gu)]

such that

pq (p— wg +7g) + (1 —pg) (Pqu — wy + 7)) =7

When incentive compatibility constraints are not binding, first-order
conditions imply that p — w, = TLft and wy, = w,. With these expressions,
and using the budget constraint, we compute 7, as a function of m,. The
problem thus becomes a free maximization program over the unique
variable 7. At the optimum, the right derivative of the objective function

is smaller than the left derivative.
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Case 2: Only the good-type workers participation constraint is
binding. We solve for wy as a function of 74 from [g]. Then, using the
budget constraint we are left with two choice variables, 7, and 7. The
optimization program boils down to maximizing

pqv;fm (ka 1) + (1 - pQ) [u (fl (T‘-gaﬂ-u)) - pA (f2 (7Tg>7ru)) + Vis1 (7Tu7Qu)]

The gradient must show a similar inequality and we are again done since
both f1 and f are differentiable since they are composite functions of
differentiable functions.
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