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Chapter 1

Introduction

In this thesis the reader will find three chapters that analyse two topics
related to the Theory of Contracts. The two chapters following the intro-
duction, “Investing in Avoiding the Hold-up Problem” and “Contracting
Externalities and Multiple Equilibria in Sectors: Theory and Evidence”, ap-
ply incomplete contracts theory to study the role that outside opportunities
play in investment decisions. The third chapter, “Interaction among Agents
with Moral Hazard and Adverse Selection” applies the complete contract ap-
proach, with a principal who faces two agents who have private information
on the distribution of outcomes related to specific organisational structures
and who are willing to exert the minimum degree of effort.

Economic relations, may these be between workers and employers, con-
sumers and producers, borrowers and lenders, have been studied extensively
through the Theory of Contracts. The outcomes of these relations are de-
termined by the characteristics of the agents involved, such as their initial
knowledge and skills, their talent and ability to learn and the levels of effort
they are willing to exert. The outcomes are also determined by the type
of good/service they are producing, e.g. whether it is a good that is tai-
lored specifically to only one buyer or it can be made available to a wider
market. The production technology also has a bearing as it may require
learning and/or a given level of effort from the agents. Another factor is the
wider economic environment in which the relations operate. The economic
environment affects outside opportunities for the agents: whether they are
able to find competition for the services they offer, or conversely to access
vacancies in other companies, or to fill vacancies in their own companies

7



8 CHAPTER 1. INTRODUCTION

with the adequate candidates. The economic environment influences how
much agents are willing to invest in the economic relation they are involved
in. The outside opportunities offered by the environment have an impact
on the bargaining power of the agents inside the firm and the ability of the
agents to hold-up their business partners and seek better deals elsewhere.
We believe that the incomplete contracts theory is a valid approach to anal-
yse relationships where agents are not able to commit to future actions and
payments. This is especially the case in labour relations, where contract
renegotiations occur often. Workers have the possibility of holding up their
employers. Their threat of strikes is credible, and through them they induce
negotiations which may change the initial contracts. Employers often change
the terms of the initial contract when for example want to offer a permanent
position to a temporary worker, or make adjustments to salary increases or
bonuses promised at the beginning of the year.

1.1 Investing in Avoiding the Hold-up Prob-

lem

In chapter two we investigate the incentive effects of actively investing in
improving outside opportunities. More specifically we investigate employers
looking for alternative workers. We focus on two agents who sign an incom-
plete contract. One of them, the employer, invests in outside opportunities.
This investment leads to two conflicting effects. On the one hand, the more
the employer invests in searching new alternatives the more she avoids the
hold-up problem and strengthens her bargaining power. On the other hand,
she also discourages the other agent from investing in the company. The lat-
ter, seeing that he can be replaced more easily, believes that his investment
becomes more irrelevant. Therefore, he feels expropriated, especially when
the potential substitute can recover part of his own initial investment in the
project.

There are variables exogenous to the company that can affect outside
opportunities and therefore the incentives of the agents. We consider two
situations. The first analyses the incentive effects of the flexibility of labour
contracts. In many European countries, such as Spain, there have been
progressive changes in legislation that allow several forms of temporary con-
tracts. While this might be a useful tool to tackle unemployment, work-
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ers’ productivity might be negatively affected. We want to analyse whether
making workers more replaceable affects their productivity. The results show
that the employee feels deprived from the outcome of his effort and has fewer
incentives to invest in it. The second situation explores the effects of the
availability of outsiders. The degree of availability of alternative candidates
is related to the level of unemployment in an economy. We find that the
lower the unemployment the less bargaining power the employer has, which
motivates the worker to invest in human capital.

1.2 Contracting Externalities and Multiple Equi-

libria in Sectors: Theory and Evidence

In chapter 3 we study the effects of outside opportunities from another per-
spective. It focuses on externalities that do not affect production technologies
but instead affect transactions.

We consider an economy where the production technology has constant
returns to scale, but where in the decentralized equilibrium there are aggre-
gate increasing returns to scale. The result follows from a positive contract-
ing externality among firms. If a company is surrounded by more companies,
employees may have opportunities outside their own job. Increasing outside
options improve employees’ incentives to invest in the presence of ex post
renegotiation at the firm level, at no cost: outside opportunities are not used
in the equilibrium.

In the model there are no direct or technological externalities across firms.
Our theory starts from a simple observation. As the scale of an economy
increases, the number of inefficient reallocations of factors increases expo-
nentially. Inefficient reallocations serve as outside options to agents when
bargaining for the terms of trade. Although these options do not directly
contribute to social welfare, they change agents’ incentives to engage in hu-
man capital investments. With transaction costs deriving from inefficient
ex post bargaining, we find that in the decentralized equilibrium there are
generally increasing returns to scale.

If transaction costs matter, outside opportunities present an option value
for each of the players. Outside opportunities replicate naturally as the size
of the economy expands, but employees’ competition to take them remains
constant (and nil), since they present a less attractive alternative than staying
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at their current job.

The main result of the chapter is that the level of interaction between the
population of a region and its degree of development are linked to sectorial
employment. When the population and/or the level of development in the
industrial sectors of the region are low enough, there are multiple equilibria
in the level of total sectorial employment. One of these equilibria corresponds
to the absence of sectorial activity. On the other hand, if either the scale of
the region (in terms of total population) and/or the level of development is
large enough, there is a unique employment level equilibrium in the industrial
sectors of the region. In the unique equilibrium there is positive industrial
activity. This result is a consequence of the reinforcement effect between total
activity and incentives to invest inside the firm. In particular, outside activity
is shown to relax an incentive compatibility constraint to exert effort of the
worker (not asset owner), without affecting the constraint of the manager
(asset owner). This asymmetry between the effect of total activity on the
two incentive compatibility constraints is due precisely to the fact that the
effect works through the outside opportunities.

From the theoretical model we derive an econometrical equation of the
evolution of sectorial employment in regions. The model is applied to the
Spanish provincias. The empirical results are strongly consistent with the
multiple equilibria hypothesis. The average sector in Spanish regions has
three steady states, two stable and one unstable. One stable steady state is
associated with the absence of activity (no sectorial employment). The other
stable steady state is associated with a positive employment level, greater
than the level of the unstable steady state. We call the estimated unstable
steady state the critical mass of the sector. If in a region a shock sets the
sectorial employment level below the critical mass, the industry follows a
delocation process that ends with the collapse of sectorial employment in the
region.

We find moreover that there are significant differences across Spanish
regions. The more developed, densely populated regions are found to have a
stable steady states with greater sectorial size, and smaller critical sizes. For
other sparsely populated and less economically developed regions we find a
range for the critical mass of the average sector.
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1.3 Interaction among Agents with Moral Haz-

ard and Adverse Selection

In the final chapter we ignore outside opportunities and shift the focus to-
wards the inside of a company and how agents might exploit hidden infor-
mation and hidden actions. The approach used in this case is based on
complete contracts. This framework assumes that all contingencies that may
affect a contractual relationship are taken into account in the contract, hence
holding-up the other party in the negotiations is no longer a possibility.

The chapter studies the case of a principal who has two projects to del-
egate to two different agents. She faces a twofold challenge. First, moral
hazard, that is, to encourage the best level of effort on each project in order
to maximise profits. The second, adverse selection, is related to the organ-
isation of both projects. The principal has to decide whether to place the
agents working together or to separate them. This depends on the nature of
the projects. There are certain tasks which are better performed by being
with other workers doing similar tasks. In this model, when interaction is
beneficial, positive synergy arises between the agents. This synergy increases
the likelihood of a good outcome. On the other hand, other types of tasks
are not benefited or are hindered by interaction, meaning that no positive
synergy appears between the agents.

In our model, the principal does not have sufficient knowledge to decide
whether the agents will perform better working together or separated. The
principal is unsure whether the synergy effect will or will not outweigh the
mutual insurance effect. Conversely, the agents, who are specialists in their
own field, know precisely what will be the effect on the project of work-
ing with someone else, but always want to work together to insure against
possible bad outcomes. The principal has to design a contract that gives
incentives to the agents to self-select.

The solution to the model is such that the risk given to solve the moral
hazard in the possible team organisation for the project is enough to get rid
of the adverse selection. In other words, the contract that gives incentives to
exert high effort also induces agents to self-select.
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Chapter 2

Investing in Avoiding the
Hold-Up Problem

There is an employer who actively invests in searching for outside
candidates that can recover the investment made by the initial
worker. The search affects the incentives of this worker — he
feels more dispensable and hence is less willing to invest in the
company. The employer needs to find a balance between improv-
ing her bargaining position and not giving too many negative
incentives to the current worker in her company. Increasing the
flexibility of labour contracts results in an employer who finds
it easier to hire alternative candidates and hence in a worker
who feels more dispensable and less motivated. A lower level
of unemployment in the rest of the economy leads to less choice
and bargaining power for the employer and a more encouraged

worker.

13



14 CHAPTER 2. AVOIDING THE HOLD-UP PROBLEM

2.1 Introduction

There are economic relations which require complementary investments by
the agents. The possibility of renegotiating the initial contract after invest-
ments are made and before profits are distributed leads to a problem of
incentives. The fear of being held up, that is, that negotiations are broken
and no agreement is reached, makes agents underinvest and be less pro-
ductive. This problem has been investigated by Grout (1984) and by the
incomplete contracts theory introduced by Grossman and Hart (1986) and
Hart and Moore (1990). In their models, they include outside opportunities,
which are an alternative to recover, at least partially, the investment should
negotiations between the parties be unsuccessful.

Outside opportunities are relevant and play an important role when agents
invest and bargain. For example, we see employees exploring the possibili-
ties of alternative employment at the same time they work for a given firm,
and also employers prospecting for potential workers even when they are not
actively looking to expand the size of their companies. These investments in
outside opportunities are useful from two points of view. The most straight
forward is that it provides alternatives if agents do not ultimately reach any
agreement. The other is that the availability of outside opportunities allows
strengthening the bargaining position.

In more traditional incomplete contracts settings, agents influence their
outside options in a more indirect way - an employee, when working in a
given company, invests in acquiring a skill which might be useful if he ever
decides to move to some other company; a seller creates a product for a given
buyer, but he might find alternative buyers interested in the product in case
the agreement with the initial buyer is broken.

This article investigates the case of employers looking for alternative
workers or sellers undertaking market research to find other potential buy-
ers. They get involved in an active search and thus take specific decisions
concerning their outside opportunities.

We focus on two agents who sign an incomplete contract, one of whom
invests in outside opportunities. This investment has two conflicting effects.
On the one hand, the more one agent invests in searching new alternatives the
more she avoids the hold-up problem. On the other hand, she also provides
negative incentives to the other agent. The latter, seeing that he can be
replaced more easily, believes that his investment may be more irrelevant.
Therefore, he feels expropriated, especially when the potential substitute
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can recover part of his own investment in the project.

There are variables exogenous to the company that can affect outside
opportunities and therefore the incentives of the agents. We consider two
situations. The first analyses the incentive effects of the flexibility of labour
contracts. In many European countries there have been progressive changes
in legislation that allow several forms of temporary contracts. While this
might be a useful tool to tackle unemployment, workers’ productivity might
be negatively affected. We analyse this question by asking how making work-
ers easier to replaceable affects their productivity. The second, explores the
effects of unemployment, and hence of the availability of prospective employ-
ees, on the incentives of the worker inside the firm.

We believe that the incomplete contracts approach is valid to analyse
this type of relationship. Workers have the possibility of holding up their
employers. Their threat of strikes is credible, and through them they induce
negotiations which may change the initial contracts. Hence, as in Grout
(1984), the effect of ex-post bargaining has distorting effects on previous
investments.

This chapter is organised as follows. The next section introduces the
reader to the notation and to the main assumptions of the model. Section
3 derives agents’ utility functions. Section 4 draws the results related to
the incentives effects of investing in outside opportunities. Section 5 and
6, introduce the effects of exogenous variables such as changes in labour
legislation and the effects of unemployment. Finally, in section number 7 we
summarise and comment on the main conclusions of the chapter.

2.2 Description of the Model

Agent M, an owner-manager, buys a physical asset, K, and sets up a firm.
With the physical asset, the manager wants to produce a good or project
which requires 1" > 1 periods to be completed. The physical asset needs one
worker. To fill this vacancy, M goes to the labour market. There she faces
agents with identities j, k,[,... who are potential workers. Before joining
the firm, these agents are homogeneous. She picks and contracts one of
them. We denote the identity of the worker as i, € {j,k,[,...}, with ¢t =
0,1,2,...,T. The worker is initially hired at date t = 0, and at the end
of each period, he and the manager-employer decide whether to continue
working together for the following period. If they decide to terminate the
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relationship, the employer would go again to the labour market and choose
and contract another worker with a different identity to finish the project.

2.2.1 Technology and Surplus

Let the employer’s human capital be B € {0, B}, with B > 0. Both the
employer’s human capital and the physical asset K are indispensable for
production.

The worker must make some investment in effort, e;, so that surplus is
positive. This investment is observable but non-verifiable and has a utility
cost of ¢(e;) which is increasing and convex. We assume that the investment
is productive for longer than one period. The effort made at period t affects
surplus in period ¢ itself and in the following period, ¢t + 1. We can interpret
it as learning or alternatively as investment in making the technology more
productive!.

The surplus looks as follows:
Sy (et, er_1; 0y, 9_1; B; K)

with S; (er, €415, 4¢-1;0; K) = 0 and Sy (et, er_1.1s,%_1; B; 0) =0.

Let
S (e, €154, 04-1) = S, (et,et_l;it,it_l;B;K) with B>0 and K >0

s is increasing and concave in both efforts

The presence of the worker is indispensable in the following way:
(A1) Vi, i1 € {7, k,1...}

s¢(0,e0-1;0,01) = 0 Ve vte{l,...,T} and
s¢ (e, 05i4,00-1) > 0 Ve, >0 Vte{0,..,T}

The identity of the workers needs to be taken into account. We can
have either ¢ = 4, 1 or i # 4,1 . The following assumptions will be
related to it.

"'We could also assume that e; has influence in all the surpluses from ¢ up to 7. In this
case, the conclusions of the model would be stronger.
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(A2) Vi, iy € {5,k 0L, }...,Vt€{l,...,T} and for ey = ¢

050 (€03 i0) 05y (€4, €1-1;0¢,74-1)

860 B aet

(A2) means that present effort affects present surplus equally in all
periods and independently of the employee’s identity. Since there was
no previous investment before, sy only depends on present effort.

(A2) implies that: 52— =0

(A3) Vitait—l S {j,k,l, .. } and V¢ € {1, Ce ,T}

0sy (etaet—l;itait—1> > 0sy (€t7€t—1;it,it—1)

8et - 8et,1

(A3) implies that present effort is at least as productive as past effort,
in both cases, when the worker is the same as in the previous period
and when he is new in the firm. If we interpret effort as learning, this
inequality is very intuitive — recent learning is more productive than
old learning.

(A4) Vi, = 4" and ;1 € {¢',i"} with i/ # ", where ¢/, ¢" € {j,k,[,...} and
vie{l1,...,T}

ol ol sn
ast (etaetflazal) > 8St (etaetth?Z )
(9615,1 o aetfl

(A4) captures the fact that the insider may be more efficient in re-
covering his own effort. This also is intuitive, since he made the first
effort and hence he has learned. He understands the technology bet-
ter and benefits from the specificities of it. Additionally, we assume
that second derivatives exhibit the same behaviour as first derivatives:

o2 il 02 il . . . .
st(eg’:; i > st(eéf; 177 showing once again the higher efficiency
t—1 t—1

of the insider.




18 CHAPTER 2. AVOIDING THE HOLD-UP PROBLEM

2.2.2 Bargaining and outside options

By the end of the each period, before production takes place, both agents
negotiate. They decide how to share the surplus and whether to continue
with the contractual relation for the next period.

The same worker may continue in the following period depending on
whether he and the manager reach an agreement. Since ex-ante this is never
sure the manager screens the labour market for possible candidates during
periods t € {0,...,7 — 1} . During period ¢ she looks for candidates who
might be able to work in t+1. We model it as an investment in the probability

0<q<1 with te{0,....,T—1}

that he finds such a candidate, with ¢; = 0 meaning that the manager does
not make any effort in looking for alternative employees. Investing in ¢; is
investing in flexibility, that is, in having the option of replacing the present
worker by another. This new candidate substitutes the worker for the same
vacancy. The more the employer invests in placing advertisements, inter-
viewing prospective candidates, etc, the greater is the probability that she
encounters another suitable employee for her business. This investment has a
cost of f(g;), with f(0) = 0 increasing and convex. In the case that she does
not find an alternative employee (with probability 1 — ¢;), and she does not
reach an agreement with her existing employee, i;, her outside opportunity
is zero®.

We assume that the firm is small compared to the labour market, and
hence, the search and possible hiring of an outsider has no influence in the
supply and demand of labour. The probability ¢; itself might depend on the
conditions of the labour market. For example, in an economy with a high
level of unemployment it might be easier for the employer to find a substitute
for her worker. Although at the beginning ¢, is considered totally exogenous,
later in the chapter, in sections 5 and 6, we explore the possibility that it is
affected by the conditions in the labour market.

In the case worker i quits the firm he might find another job in the
following period. The outside opportunities of the worker depend on his
experience, on the probability of finding another job, and on the wage he
would earn in his new job. The probability of being contracted in some other

2We assume that there is no market for second-hand assets.
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firm increases linearly with experience, then at ¢, his outside option is

ple—1)r

with p(0) = 0. The probability is linearly increasing in effort p'(e;—1) > 0,
and p”(e;—1) = 0, until the value e; ; when p(ej_;) = 1. For higher values,
the probability becomes constant. The parameter r denotes the wage he
would receive in the alternative job, with r < s;.

2.2.3 Agents

There are three types of agents inside the firm together with the outsiders®:

- The manager (M): the one who owns the physical asset.

- The insider (I): the worker who has been in the firm for at least one
period.

- The entrant (F): the worker who exerts effort during the period that
he is contracted. If he manages to stay in the firm, the period after he
becomes an insider.

Then, at a given period in time, the worker can be of one of two types,
either I or Ewith I, E € {j,k,l,...}.

For example, worker j during the period when he is contracted, say t¢,
is of type E. The period after, t° 4+ 1, he becomes of type I.

- The outsiders: The agents outside the firms, who are homogeneous

Agents are risk neutral, have no liquidity constraints, and their discount
factor is 6 € (0, 1).

3We take the usual names of the insider-outsider literature. See, for example, Lindbeck
& Snower (1988).
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2.2.4 Timing

The model has two time granularities. The timing of the firm (or of the
project) which is composed by periods, and the timing inside each period,
which is composed of stages.

The timing of the firm starts at ¢ = 0. From then onwards the firm needs
one worker. The worker and the employer negotiate the contract at the end
of each period. In the event that at date ¢/ < T the contract is broken, in
the following period, ¢/ 4 1, another agent might substitute the worker for
the remaining 7' — ¢/ periods.

Each period t has several stages:

t.1 t.2 t.3 t.4 t.5
\ \ \ \ I
Worker Employer Employee Bargaining Production
hired searches exerts effort
potential
new workers
t.1: The firm employs the worker. He may face two situations. In the case
we are in period t = 0, the employee is the first working in the firm.
The second possibility is ¢ > 0, in which he is substituting some other
worker who left the firm at ¢ — 1.
From ¢ = 1 on, nothing happens in this stage if the same worker who
was in the firm in ¢ — 1 continues being employed by the manager.
t.2: The manager decides ¢;, which is observed by the employee.
t.3: The worker chooses his effort e;.
t.4: The worker and the employer negotiate how to split the surplus and

whether the same worker continues inside the firm. The probability
that the manager makes a take-it-or-leave it offer to the employee is
a > 0,leaving a probability 1 — « that it is the employee who makes
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the final offer. These probabilities are the same for all periods. Note
that the possible outcomes from the bargaining are:

— Agreement: both the worker 7; and the manager agree at ¢ on
surplus shares and on contractual relationship and they continue
together in the next period (hence i; = 7;,1, meaning that in ¢t + 1
there is an insider in the firm)

— Disagreement: they do not agree on the surplus shares and the
worker does not continue inside the firm (hence i; # i;,1, meaning
that in ¢ 4+ 1, with probability g;, there is an entrant in the firm)

Possibilities like that agreement on surplus was reached but the worker
did not want to continue inside the company in £+ 1, ore that there was
no agreement on surplus at ¢ but the worker wants to continue being
employed by the manager in ¢ + 1, are not credible.

t.5: In case of agreement, production and surplus are generated and payoffs
are distributed. Otherwise, there is no production.

2.3 Expected Utilities

Utilities of both the employer and the worker depend on each other present
and past decisions. Both know that the other will choose their respective lev-
els of investments rationally. This will define the subgame perfect equilibrium
path for the utility functions. The employer decides the optimal investment
in searching for a possible entrant: ¢;. This investment is observed by the
employee and hence it will influence his choice of optimal effort, é;, in the
present period. The employee’s optimal effort will afterwards have an impact
on the level of surplus produced in the following period, $;.

Note that the employee observes ¢;. He will incorporate this valuable
information into his choice of effort, hence effort will depend on the manager’s
investment in flexibility: e; = e;(q;).

The subgame perfect equilibrium utility functions of both agents, I and
M, in each period are composed of the present immediate utility P(-)and



22 CHAPTER 2. AVOIDING THE HOLD-UP PROBLEM

the future utility, £'(-). The functions can be written as follows

VMy(G-1,6-1) = HZ?X {PM (qr,e(qr)) + oFM (‘%(%))}

V[(qt_l,et_l) = HleftiX{Pl(et) + 5F1(€t)}

The utilities of the agents are shaped by the expectations and outcomes
at the negotiation stage. The outcome of the negotiation is a share of surplus.
For a given t, the surplus is different depending on the type of agent who has
produced it. We define:

sl = sy(es, €4 1;4¢,9;1) where iy = i1 = j, k,I,... and t > 0 as the surplus
of the insider

sP = sy(eq, €134, 441) where i, i,y = j, k,1,,... but iy # i, and t > 0 as
the surplus of the entrant
363 = 50(ep;40) as the surplus of the period when the firm is set up and the

first worker is contracted

Note that because of assumptions (A1) to (A4)

sH(es, ei1) > sF(er, e4-1) t=1,....,T (2.1)

2.3.1 Negotiation stage

To understand the expected utilities of the agents at each period it is useful to
analyse the form of their proposals at the negotiation stage. The employer’s
expected utility at period ¢ with an insider is denoted V M/ (VMF with an
entrant). The expected utility of the insider is denoted V' I;.

Let us start with the manager and let us assume that she bargains with
an insider!. When the manager has the bargaining power, she demands for
herself:

4Bargaining with an entrant would be very similar.
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50(60) — (Sp(@o) T+ (SV[l(QO, 60) t=20
sl(es,ei-1) — Op(es) r+ OV 1 (g, €) 0<t<T (2.2)
S%(BT, €T_1) T

note that she demands the present value of the firm minus the outside oppor-
tunity of the worker and minus what she expects to get in the future. With
this proposal she leaves the worker with his outside option.

When the employee has the bargaining power and the manager does not
accept his proposal, her outside option would be:

) (03 VMIE—I (qt» 6t> t<T
0 T

fromt =0 tot =T — 1, with probability ¢;, she finds an outsider and she
contracts him at the beginning of the next period, ¢t + 1. In the last period
she has no outside option.

The problem becomes recursive: her outside option is an entrant (F) with
whom she is going to bargain at ¢+ 1 and thus to threaten him with another

entrant (E’) who would be recruited at ¢ + 2, and so on®.

When the worker has the bargaining power he makes the following pro-
posals:

80(60) + 5 VM{(qO, 60) — %5 VMlE(qU, 60) t=20
si(er, 1) + O VML (g, er) — @6 VME (g, €r) 0<t<T
sh(er,er_1) T

(2.3)

5That is VMtb;l(et, @) =« (Sg1(6t+1, et) — 5p(eﬂ1) r+ 6VIa(err1,qry1) + 5VMtI+2(et+1, th))—i—
(1- a)qt+1§VM£_/2(et+1, qi+1) — f(qi+1). Note that the entrant becomes an insider after
one period.
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He demands the present value of the firm minus what he expects to get in
the future and minus the employer’s outside option. Additionally, with this
proposal he stays inside the firm and hence he receives the resulting expected
utility: 6V 1.

When he does not have the bargaining power he is left with his outside
option d p(e;r1) r Vt.

2.3.2 Utility Functions

The subgame perfect equilibrium path of the utility functions is defined as

follows
VMtI(Qt—h e-1) = « [sf(et(qt), er—1) — op(es(qr)) + 0V Iiy1(qe, €t)} + (2.4)
+ (1 — ) @6V ME (g, e0) — flar)
VI(q-1,e-1) = adp(er) + (2.5)
+(1—a) [st[(et, er—1)+9 VMtIH(qt, et) — qid VMgrl(qt, et)]
—c(er)

Note that the function s;(e;, €;—1) is concave in both efforts (for both the
entrant and the insider), function p(e;) is linear, and cost efforts f(¢;)and
¢ (e;) are convex. Hence the first order conditions of the utility functions are
sufficient to identify the solution to the optimisation problem.

2.4 Incentive Effects of Investing in Outside
Options
From expressions (2.1) and (2.4) we get the following result:

Remark 1. Worker i, contracted at t = 0, remains in the firm until the end
of his contract, att ="1T.

The manager’s expected proportion of the surplus is the same indepen-
dently of the worker being an insider or an entrant. Inequality (2.1) tells that
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the expected surplus is larger when an insider is working in the firm. Hence,
bargaining with an insider gives the owner a proportion of a bigger surplus
(see manager’s offer in equation (2.2)) than bargaining with an entrant.

VM (e;—1,q-1) > VMF(es-1,q-1) for tef{l,..., T}

The equilibrium conditions of the bargaining process lead to an efficient
negotiation.

It is easy to check that the insider is also better off when staying inside
the firm than when choosing his outside options.

Remark 2. By searching for alternative entrants, the manager is able to

retain a bigger proportion of the future value of the firm.

The intuition behind the result can be verified through expression (2.4).
The search for suitable candidates for the firm allows her to enjoy a stronger
position at the bargaining stage.

Through the distribution of the bargaining power, agents distribute as
well the value of the firm. However, note that the employer is able to retain
an additional proportion of this value through the expected surplus that she
could get from an entrant.

This search for outsiders, however, may have perverse effects on the em-
ployee’s incentives to exert effort.

Proposition 1. Consider assumptions (A1) to (A4) and the utility functions
0

(2.4) and (2.5), then %
g

The first order condition of the worker’s value function (2.5)

Jc(er) N Ost(er, et 1)

= (1- 2.6
26, (L—a) =72 (2.6)
Ip(er) ds{1(err1, ) 05y (ers1, €r)
+da 96, r+oa(l — «) D, G De,

The Implicit Function Theorem shows that the manager’s investment in
flexibility has a negative effect on the employee’s effort
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0é; 88ﬂ1(6t+17 et)
A 1— = T 7. 2.
Jq ( dall=a) dey (27)
0%sl(es, er 1) 0%sl, (ery1,e4)
1— t 3 1— t+1 +1
(- 0Ty - aja ™t
0%*sE (erv1,60)  O%cle) -
_ 1 t+1\€41,€) t
dqra(1 — ) e e <0

Note that 2stileeied - (g and M@’f‘l) < 0 for both the entrant and

Oey Oe;

20 2. F
the insider, (A4) states that 9 st“a(:;“’et) > 2 st“a(:;“’et), and % > 0.
t t t
Therefore the whole derivative is negative. The implication is that the em-
ployer’s search for outsiders has negative effects on the productivity of the

worker.

Equation (2.6) gives the effort made by the insider: é/(g;). The first

term on the right hand side, (1 — a)as{(?—e’ft*l), is the marginal increase in
the revenue that the worker receives from the present period, while the
Ip(

whole expression in the second line of the equation, d« %:)r + da(l —

I E
a) [88t+léeett+l’et) —q 8St“éz+l’et)] , is what he gets from the future. Because he

engages in a learning process, increasing present effort means larger surplus
in the future. This is true for all ¢, except t = T', when he retires and does
not have the possibility of benefiting from learning.

For t € {0,...,T — 1} the worker receives positive incentives from the
possibility of producing s;, ;(e:+1,€e:). But these incentives are weakened by
the possibility that it is not him, but an outsider who profits from e! by
producing sf,(eq1,¢e:). Therefore, as equation (2.7) shows, the more the
manager invests in flexibility, the less keen the worker is to work hard. The
employee feels expropriated of the future outcome of his effort. His response
to this fact is to be less productive.

The motivation of the worker also decreases with the entrant’s ability to

E
recover his effort, 8;;?. Hence the more specific the employee’s effort is,
the smaller is the threat that he feels from an entrant. When the outsiders
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Oe
close), the latter are more afraid of being expropriated and as a consequence

exert less effort.

. .. . 9sl asF,
(and hence entrants) and insiders are very similar (ie 5= and —= are very

This leads us to the next proposition.

Proposition 2. Given utility functions (2.4) and (2.5) and given Proposition
1, the manager needs to balance her zeal for more bargaining power with the

disincentive she gives to the worker.

The optimal ¢; can be computed from the first order condition of expres-
sion (2.4):

8(];;(]) = 61— a)VME (g, e) + (2.8)
t
aasf(et, €-1) 4 a683{+1(et+17 et) -~ a(sgp(et)rJr
ey Oe; dey
0sE | (ery1,e1)] Oel
+(1 — @)q § —H T T
( )Qt Oey oq

By investing in flexibility, the employer gains more valuable outside op-
tions and gets more at the bargaining stage — this is showed by the first term
on the right hand side of (2.8), 6(1 — @)V ME, (g, e;), which is positive.

The negative part of the balance arises form the disincentive in square
brackets is (2.7), multiplied by g—i . As it can be observed in expression
(2.8), the investment in ¢; has negative effects on present effort, and through
it on present and future surpluses. By investing in outside opportunities,
the manager shrinks the surpluses that she will ultimately share with the
employee.

2.5 Flexibility of Contracts

With the previous framework it is possible to study the possible consequences
of labour market reforms similar to those applied in Spain from 1984 onwards.
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Before these reforms, workers in Spain enjoyed a high level of protection.
Temporary contracts were allowed only in special cases and/or for specific
types of workers. Permanent contracts were blocked by large indemnities for
the worker in the case he was dismissed.

Coinciding with this very rigid labour market, the Spanish economy bore
one of the largest unemployment rates amongst the developed countries. It
was thought that one of the causes behind the high level of unemployment
was the large redundancy payments. Due to these large indemnifications that
employers were obliged to pay if they had to make a worker redundant, they
were reluctant to contract workers. Therefore, high unemployment persisted.

To alleviate this situation, from 1984 onwards the government began to
introduce new laws with the objective of increasing the flexibility of labour
contracts. These reforms eliminated those special cases for temporary con-
tracts, and allowed the use of fixed term contracts to hire any type of worker
and at any time. The indemnities associated with these contracts in case of
termination were much lower. The only restriction was that they could be
used for a certain period of time® for the same vacancy and/or worker. This
section of the chapter aims to explore the incentive effects of the flexibilisa-
tion of contracts.

Proposition 3. Consider the parameter ¢, that makes searching less costly,
then when ¢ increases, worker’s productivity decreases.

We link this proposition with the reform that makes the labour market
more flexible. Since the reform has been exogenous, we capture it by means
of parameter ¢, which makes searching among outsiders, f(q:; ),less costly.
The parameter ¢ can be interpreted as the “degree of flexibility” of the labour
market: the easier it is to change the current employee and contract a new
one, the higher is ¢ and the lower the cost of searching, f(q:;¢).

We identify the date of the reform with ¢ = ¢, Flexibility of the labour
market before and after the reform is captured by ¢° and ¢*:

e s 0<t<tR
L B B

6In 1984 the minimum was 6 months and the maximum 3 years. After this period the
worker had to be contracted on a permanent basis or dismissed. These time limits have
been changed in subsequent laws.
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which for a given ¢ imply:

@’ < ! = flas o) > fla 1)

Let g0 and ¢} be the search levels related to ¢ and o' respectively.
Note that because of equation (2.8)

G <Gy
Equation (2.7) tells us that an increase in the search intensity, ¢, reduces the
first period effort, and hence the worker’s productivity and total production’.

Therefore, labour market reforms which eliminate restrictions when con-
tracting new employees, might have the positive effect of reducing unemploy-
ment. However, these reforms might also induce employees to perceive that
they are easier to replace, meaning that it is not profitable for them to invest
in being more productive.

2.6 Availability of entrants

This section aims to explore in a very straightforward manner the conse-
quences of the availability of alternative workers. The quantity of possible
entrants able to work in the company might dictate how easy it is for the
manager to replace the worker. This can be linked to unemployment. In
situations of high unemployment, the manager might find suitable candi-
dates without having to search too intensively. On the other hand, when
unemployment is low, the search for workers might prove more costly.

"In our model, only one agent, the worker, invests and thus bears the incentive conse-
quences of the employer’s search. Let us imagine that the surplus depended positively
on some effort related investment made by the employer. This investment could be
for example in marketing the product. The marketing effort, m;, made at ¢ would be
related to the sale of the production of the following period. Then surplus would be
se(eg, ep—1;0,9—1my—1). It is straightforward to understand that this investment is posi-
tively related to the investment in g;. The more the employer invests in the search for an
alternative worker, the smaller is the possibility that the insider holds her up for her in-
vestment in m. Therefore, here it would be unclear whether total production diminishes.
It would depend on the balance between the insider’s disincentives and the employer’s

incentives to invest in effort.
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Proposition 4. Consider parameter U, that captures the availability of out-
siders, then as U increases, worker’s productivity decreases.

Consider first the case of high availability of outsiders, which can be linked
to high unemployment, U. With high unemployment, the manager has a
bigger pool of outsiders and hence it is more likely that she finds the candidate
that su1ts her. The cost of searching would diminish as unemployment rises:

of g](’}’ < 0 with f(q;,U) = 0 for U > U. Under high unemployment the

probability of the employer finding suitable candidates, ¢V, would be close
to one.

On the other hand the employee would find it very difficult to find another
job: 224 et’U) < 0 with p(e;,U) = 0 for U > U.

In the extreme case where ¢V = 1 and p(e, U) = 0, equation (2.6) would
look as follows:

dcler) _ s (er, e—1) Osipi(ersr,e)  Ospi(er1ser)
8615 - (1 B Oé) 8615 * 50&(1 B Oé) 6€t B 6€t
U

Effort in this case, e, would be lower, than é above.

Notice that in this extreme case, the only incentive coming from period
t + 1 is the difference in the ability to learn or the ability of the insider
in differentiating himself from the potential entrants. In occupations where
there is little on-the-job learning or specialisation and where the manager
can easily find replacements for their workers, the model concludes that the
worker gets little incentive from investing in human capital that is pays out
in the future.

Next, consider the case of scarcity of entrants. We capture it through U.
The manager does not have any suitable candidates unless she pays extremely
high recruitment costs or undergoes a very time consuming search. In this
opposite extreme case, f(q;, U) = oo for U <U, with ¢ = 0. Additionally
ples, U) = 0 for U <u. Then, under U, effort e¥ would be determined by:

Oc(ey)
66,5

85{(61&, er-1)

a) 33%’+1(€t+17 et)
aet

86,5

=(1-a) + dar + da(l

Comparing the three levels of effort:
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eV <é< el

Surpluses under the three cases would follow the same pattern.

Hence, the higher the availability of similar possible workers, the weaker
the incentives of the insider and vice-versa.

2.7 Concluding remarks

This chapter explores the incentive effects of actively investing in outside
options. We model this investment through a manager who has the possibility
of investing in the recruitment of alternative candidates for the worker-insider
that she has initially contracted. The availability of suitable worker-entrants
will enable her to enjoy a stronger position when negotiating how to divide
the surplus with the insider. On the other hand, the insider exerts effort, and
as he does so he learns how to be more productive in the following period.
However, seeing that he might be replaced by one of those candidates, he
has fewer incentives in exerting effort and learning. Therefore, the manager
needs to balance her desire of a stronger bargaining position with the negative
incentives that it gives to the worker.

The model also studies how several aspects of the labour market might
impact incentives inside the company and thus the surplus. The first case
considers the effects of labour legislation that makes it easier for employers
to replace workers. As the worker feels that his job is less secure he has
less incentives in learning for future periods and becomes less productive.
The second case analyses how the availability of suitable candidates affects
effort and surplus. This is linked to unemployment. In situations of high
unemployment it might be easier to find alternative candidates, hence the
insider will be more reluctant to invest in effort and learning. The opposite is
the case for periods of very low unemployment, where candidates are scarce
and hence the insider feels his job more secure and would be keener to exert
effort.

One of the conclusions in the model is that the more able the worker is
to differentiate himself from the outside candidates, the more he will offset
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the disincentives of the manager’s search. A possible extension of the model
would be that where the worker is able to invest in this differentiation -
investing in how much more productive he can be than the possible outside
candidates.



Chapter 3

Contracting Externalities and
Multiple Equilibria in Sectors:
Theory and Evidence

Written in collaboration with Diego Rodriguez Palenzuela and Juan José de
Lucio

There is an economy where the production technology has con-
stant returns to scale but where in the decentralised equilibrium
there are aggregate increasing returns to scale. The result follows
from a positive contracting externality among firms. If a firm is
surrounded by more firms, employees have more opportunities
outside their own firm. This improves employees’ incentives to
invest in the presence of ex post renegotiation at the firm level, at
no cost. Our leading result is that if a region is sparsely populated
and/or if the degree of development in the region is low enough,
there are multiple equilibria in the level of sectoral employment.
We identify an interaction between the scale of a regional econ-
omy and its level of development. From the theoretical model we
derive an econometrical model. Our results are strongly consis-
tent with the multiple equilibria hypothesis and the existence of
a sectoral critical scale. The scale of the regions’ population and
the degree of development reduce the critical scale of the sector.

33
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3.1 Introduction

In recent years there has been increasing interest in models of the agglom-
eration of economic activity. The largest proportion of papers that have
attempted to explain agglomeration have referred to explanations based on
fixed costs of starting economic activities, that is, based on aggregate or
disaggregate technological increasing returns to scale. For an introductory
survey to theories of localization of economic activities, see chapter 2 in
Krugman (1991).

A second branch of the literature has focused on externalities that do not
affect production technologies but instead affect transaction technologies. In
Acemoglu (1996) search externalities arising from decentralized factor mar-
kets lead to benefits of agglomeration. Our chapter relates to this second
branch of transacting externalities?.

We consider an economy where the production technology has constant
returns to scale, but where in the decentralized equilibrium there are aggre-
gate increasing returns to scale. The result follows from a positive contracting
externality among firms. If a firm is surrounded by more firms, employees
have more opportunities outside their own firm. Increasing outside options
improves employees’ incentives to invest in the presence of ex post renego-
tiation at the firm level, at no cost: outside opportunities are not used in
equilibrium.

In our model there are no direct or technological externalities across firms.
Our theory starts from a simple observation. As the scale of an economy
increases, the number of inefficient reallocations of factors increases expo-
nentially. Inefficient reallocations serve as outside options to agents when
bargaining for the terms of trade. Although these options do not directly
contribute to social welfare, they change agents’ incentives to engage in hu-
man capital investments. With transaction costs deriving from inefficient
ex post bargaining, we find that in the decentralized equilibrium there are

! Another more qualitative branch of literature that deals with the concentration of
economic activities is the one related to clusters led by Michael E. Porter. In Porter (2000)
a cluster is defined as ” geographic concentrations of interconnected companies, specialised
suppliers, service providers, firms in related industries and associated institutions (such
as universities, standards agencies, trade associations) in a particular field that compete
but also cooperate”. Clusters include activities related to several sectors that benefit
from research institutions and demand conditions that provides incentives to innovate.

Examples are Silicon Valley and wine producing in California.
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generally increasing returns to scale.

Possibly, the best way to introduce the main idea of the chapter is through
an example. Consider an economy based on football teams. Teams are com-
posed of eleven first team players plus a number of reserve players. Pro-
duction requires certain investments by the players, like training or sticking
to a special diet. It is difficult to monitor whether these investments are in
conformity with the interest of the team. Furthermore, there is a significant
coordination in the investment activity (players train jointly). Hence, at the
time of production it is not efficient to reallocate players across teams: they
are more efficient in the team where they trained.

Now imagine that at the beginning of the football season the players
bargain with the club for the distribution of the total club’s revenues. The
anticipation of ex post bargaining distorts somewhat the incentives to invest
correctly. Clearly, the opportunities to transfer to another team matters,
both to determine the terms of trade and the level of investments. Outside
opportunities for a given player are likely to increase as the economy grows
(as there are more teams around, players are more likely to find opportunities
to be productive in some different team to their own). Although there is only
one efficient allocation of players to teams at the production stage (namely,
to remain in the original team), the number of inefficient allocations grows
with the number of teams. In particular, the number of inefficient allocations
when one player deviates unilaterally from the efficient allocation is equal to
the total number of teams minus one.

In summary, if and only if transaction costs (arising from agents’ inability
to commit on future wages) matter, outside opportunities present an option
value for each of the players. Outside opportunities replicate naturally as the
size of the economy expands, but players’ competition to take them remains
constant (and nil), since they present a less attractive alternative than staying
with the original team. To repeat, under transaction costs, there is a benefit
that freely accrues to each player as the economy grows: her options outside
her team. This improves her incentives to invest and, if players’ investments
are complementary, the effect is mutually reinforced.

We present a model that demonstrates this mechanism precisely. To keep
the model tractable, we introduce specific assumptions on the production
function. We distinguish between team production, and ex post production.
Team production is the output of a team that "trained jointly” and whose
team members sunk investments in human capital that are specific to physical
assets. In particular, we introduce assumptions such that the optimal size of
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team production is equal to two members. This allows us to avoid complex
multilateral bargaining solutions like the Shapley Value or the one in Stole
and Zwiebel (1996).

Ex post production means that firms can hire additional workers (beyond
the optimal size of two) at the production stage. But marginal returns to
human capital inside the firm are decreasing, and the ex post workers have a
low marginal productivity. Ex post production does not occur in equilibrium,
since it is a worse option for any team member, but it is a credible outside
alternative.

Our main result is that the level of interaction between the population of
a region and its degree of development are linked to sectorial employment.
When this population and/or the level of development in the industrial sec-
tors of the region are low enough, there are multiple equilibria in the level
of total sectorial employment. One of these equilibria corresponds to the
absence of sectorial activity. On the other hand, if the scale of the region
(in terms of total population) is large enough or the level of development is
high enough, there is a unique employment level equilibrium in the industrial
sectors of the region. In the unique equilibrium there is positive industrial
activity. This result is a consequence of the reinforcement effect between
total activity and incentives to invest inside the firm. In particular, outside
activity is shown to relax an incentive compatibility (IC) constraint to exert
effort of the worker (not asset owner), without affecting the constraint of the
manager (asset owner). This asymmetry between the effect of total activity
on the two IC constraints is due precisely to the fact that the effect works
through the outside opportunities.

From the theoretical model we derive a econometrically tractable equation
of the evolution of sectorial employment in regions. We specify a non-linear
first-order censored difference equation for sectorial employment. The exis-
tence of a unique or multiple equilibria has implications for the parameter
values of the difference equation. Our results are strongly consistent with
the multiple equilibria hypothesis. The average sector in Spanish regions has
three steady states, two stable and one unstable. One stable steady state is
associated with the absence of activity (no sectorial employment). The other
stable steady state is associated with a positive employment level, greater
than the level of the unstable steady state. We call the estimated unstable
steady state the critical mass of the sector. If in a region a shock sets the
sectorial employment level below the critical mass, the industry follows a
delocation process that ends with the collapse of sectorial employment in the
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region.

We find moreover that there are significant differences across Spanish
regions. The more developed, densely populated regions of Barcelona and
Madrid are found to have a stable steady states with greater sectorial size,
and smaller critical sizes. In particular, for Barcelona we find that there is
no critical mass and therefore there is no possibility of delocation. For ten
sparsely populated and less economically developed regions we find that the
critical mass of the average sector ranges from 600 to 900 employees. These
results are confirmed when we substitute regional fixed-effects for regions’
characteristics in our tobit estimation. This second estimation shows that
economic development or scale of the population are each sufficient to reduce
the probability of industrial delocation.

It is important to emphasise that our empirical findings can be explained
by other theories of aggregate increasing returns, as well as our theory based
on contracting externalities. At this stage we make no attempt to select
empirically the best theory to explain the data. We use the model as a
frame to yield an econometric specification and to interpret the results. We
conclude that our empirical results are consistent with theories of aggregate
increasing returns, like the one we propose, but they are inconsistent with
models with complete contracts and constant returns.

The rest of the chapter is organised as follows. Section 2 lays out the
model and the welfare-maximizing allocation. Section 3 introduces our as-
sumptions on transaction costs and derives the decentralised equilibrium. In
section 4 the main empirical implications of the model are discussed and the
data set is described. Section 5 shows the results from the maximum likeli-
hood estimation. The chapter concludes with section 6 which includes the
final remarks.

3.2 The Model

There is a continuum of heterogeneous, risk neutral agents in the economy.
Agents are indexed by a an efficiency parameter ¢, uniformly distributed in
[0,0], with @ — @ = 1. The total mass of agents is N. The parameter @ gives
information on how efficient is the effort that each agent invests in human
capital. This effort invested in acquiring human capital is a discrete variable
(e € {e,€}). Effort can either be high (e =€) or low (e = ¢ € (0,€)). The
cost of exerting high effort for an agent of type 6 is c(€,0) > c(e,0) = 0,
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with c¢g (E, ) < 0, cpg (5, ) < 0.

3.2.1 Technology and surplus

Production requires human capital, e, and one unit of physical capital, k£ that
costs? cy.

Initially firms are formed by two agents who acquire one unit of physical
capital (at cost ¢;) and exert effort. Once the firm is formed, both agents
decide whether to make effort in acquiring human capital. Effort is an in-
vestment in human capital that is specific to the physical asset and to the
team where it originated. This implies that once at the production stage an
agent is relatively more productive at her initial firm than at a different firm
with similar characteristics. In order to model specificities as simply as pos-
sible we assume that the production function has two distinct components,
depending on whether the agents that produce are or are not part of the
initial team:

e Team production, y: Call ey the human capital of agent 6; then y (eg, o |
is the initial team’s output of two agents (6, 6’) that pool their human
capital (eg, €g) at the production stage.

Team production y depends on the identity of the agents in the firm at
the investment stage (0, 6') and on the human capital, ey, of the agents
who remain in the firm at the production stage. If agent 6 is a member
of a team but is not present at the production stage, we write ey = 0.
Note that team production will be:

Yy e {y (69769’ ’ 979/) ay(oa €y | 0,(9/),@](69,0 | 979/)73/(070 ’ 979/)}

Team production is determined by the agents who invested in hu-
man capital together. Hence, if 6” is not a team member her effort
does not affect team production® : for all egr : ¥y (eg, e, eqn | 0,0') =
Yy (69, (% ‘ 6‘, 9/)

Bearing in mind that effort is a discrete variable we make the following
assumptions:

2Recall that the "units” of physical and human capital are arbitrarily small. ¢ is the
cost of a marginal unit of physical capital. We assume that the production technology has
constant returns to scale (see below).

3 Although she affects ex post production.

6,6")
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(A1) The team production function y is symmetric and the low effort
level is also productive. For all 6, 6"

yle,e|0,0)=y(eelb,0)>y(€0]6,0)>y(e0]6,0)>0

where ey = 0 indicates that agent € is not present in the firm at
production stage.

(A2) The team-production function y satisfies a strict complementar-
ity condition: the output in one firm when both agents exert high
effort is greater than the sum of the outputs when only one exerts
high effort and the other exerts low effort*:

y(Ee|0,0)>y(Eeclb6)+y(ee|0,0) (3.1)

(A3) When at least one team member exerts only low effort the firm
is not viable: B
y(Eel0,0)<c(eb)+cx (3.2)

e ez post production: This is the output of employees (0" ¢ {0,6'}) who
do not belong to the initial team, but who may join the firm at the
production stage.

If an agent 0" that is not a member of the original team (6,6’) joins
the firm at the production stage, the total production of the firm, f, is
the sum of team production, y, and ex post production®:

f (69’ €gr, Cor | 6, 0’) =y (69, (&2 | 0, 9/) + ¢€9//

where ¢ < 1 is interpreted as the fact that agent #” is less productive
outside her initial team due to human capital specificities.

Introducing the possibility of ex post production implies that if a mem-
ber 6 of a given team (6,6’) quits, she has a positive productivity in
other existing firms.

(A4) Ex post production is not viable ex ante even for the most effi-
cient agent: B
¢€9N S C (69//, 9) (33)

4This assumption is satisfied for instance by the Cobb-Douglas production function
(03

ey o 7\ 1—2 .
y = (eo + B)" (eg + B)* (k) with 8 > 1.
5The number of vacancies for ex post production in each firm could be arbitrarily large

and we would yield identical implications.
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3.2.2 First-best allocation

Given the mass of agents in the economy N, the planner’s problem is to
introduce human capital e and physical capital k as long as the marginal
firm contributes non-negatively to social surplus. Clearly, under the first-
best there is only team production and there is no ex post production.

Call y* =y (e,e | 0,0) the teams’ output when both agents exert effort
and remain in the team. The total number of 2-member teams or firms in

the economy is z and the number of firms ”per capita”, ¥ = x/N. Social
welfare is:

0-%)

SW (N,z) = N (/(6 B(y*_ck)_c(é,s)} ds> = No (3)

from which it follows that the optimal number of firms x* per capita is
independent of N and satisfies:

(y* — cx) = 2c (6,0 — 27*) (3.4)
Given N, the social welfare is a concave function of the total number
of firms introduced, = : SW,, (N,z) = %&(eg%x) <0, for T € [O, a_gg} .

Finally, the first-best social welfare and optimal number of firms (z*) are
proportional to the mass of agents in the economy:

* = Nz*

SW*(N,z) = No(z")

which follows from our assumption of constant returns to scale in the team
production technology.

3.3 Incomplete contracts

We now analyse the decentralised outcome when two-members team cannot
write complete contracts. We follow the incomplete contracting literature in
assuming that parties can only contract on a limited number of variables ex
ante. In particular we assume that they can only allocate property rights
over physical assets at the first stage. They are not able to avoid bargaining
for the division of surplus at the production stage. Bargaining introduces the
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possibility of mutual ”hold-up” among team members, which distorts their
incentives to exert effort. Our setup is a particular case of Hart and Moore
(1990), except that outside opportunities are endogenous in our model.

The timing of the game is as follows:

1. Introduction of assets. At t = 1 firms are formed. Firms are con-
tracts that specify ex ante transactions between team members (6,6')
and property rights over identifiable physical assets®. Agents face no
liquidity constraints, nor imperfect information, when they set up the
firm.

2. Investments. At t = 2 agents exert effort. Following the incomplete
contracting literature we assume that effort, although observable, is
not a verifiable variable.

3. Bargaining. At t = 3 bargaining takes place. With probability «;,,, > %

the owner makes a take it or leave it offer to the non-owner (that is,

asset owners have at least the same bargaining power as non-owners).

With probability a,, = 1 — «,,, the reverse offer takes place.

4. 7Search” and production. At t = 4 production takes place. If s agents
did not reach an agreement at ¢t = 3, they search for vacancies in ex post
production. The probability for each of these agents to find a vacancy
is A(s,z) < 1, where z is the total number of vacancies in ex post

production. The matching function” satisfies A, (.) > 0, Az () < 0
and A\ (.) < 0 and for m > 0 : A(s,x) = A(ms, mx).

Definition 1. Let
A(z) =1lim (e, x)

e—0
A (x) is the matching function when there are x vacancies but there is

only “one” worker searching.

50ur argument is robust to the alternative assumption that agents do not meet until

the production stage and are unable to write contracts before, as in Acemoglu (1996).
"It is important to note that the function A can have different interpretations from

a matching function. It can also be interpreted as reflecting the worker’s bargaining
power when there are x firms looking for workers and s workers looking for vacancies in a

decentralised market.
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The timing is summarised as follows:

t=1 t=2 t=3 t=4

\ \ \ \ .
Firm Effort Bargaining Search and
formation exerted Production

3.3.1 Equilibrium allocation

Consider the bargaining stage, ¢t = 3. Following Hart and Moore (1990), we
can rule out joint ownership of the physical asset®. We will refer to the owner
(or manager) as 6,,, and to the worker as 6,,. For two agents (0,,,6,,) that
formed a team at t = 1, the surplus to be divided when bargaining is given
by: vy (eg,,€s,, | Om,0w). The outside option for the owner when the team
breaks down is to produce with the physical asset (that she controls) and
obtain y (€gm,0 | 0, 0,). For the worker the best option outside the firm
is to search for a vacancy and engage in ex post production. This gives:
OA(s, x)ey,, which leads to:

Remark 3. For any allocation of bargaining power, in equilibrium, team

8Maskin and Tirole (1999) show that in this context the first best can be achieved if
agents can use revelation mechanisms based on subgame perfect implementation. In their
words, we focus on this simple institutional set-up on a priori grounds. Yet, it should be
said that what is central to our argument is the existence of transaction costs from a hold-
up problem, rather than the optimal allocation of property rights per se. We believe that
our argument can also be made with similar effect if, as in Grout (1984) and Acemoglou
(1996), agents sink their investments before they meet and before they are able to write
contracts. That is, if the market failure is caused by market incompleteness rather than
contract incompleteness. In this second setting the particular interaction between the
hold-up problem and outside opportunities that we focus on is likely to be similar than in
our setting. Yet, we develop on the Hart-Moore framework since we believe it provides a
very useful benchmark.
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members in all firms trade at t = 3 (s = 0) and the relevant matching func-
tion at t =4 is A (z)

Remark 3% implies that as the number of firms in the economy becomes
larger, the number of workers’ job options outside their initial firm also in-
creases. Since these options are worse than the utility from remaining in
the original team, they are never used in equilibrium. This introduces an
asymmetry between the growth of options (vacancies for ex post production)
as a function of the scale N, and the growth of the number of workers that
effectively search for a job ex post, that remains nil independently of N.
Although the options are worse than the team positions, they have value
when there is an agency problem at production, because the outside options
affect the incentives to invest. The endogenous asymmetry in the search
function is what produces increasing aggregate returns to human capital in
the decentralised allocation.

Call V,,, and V,, the expected payoff from bargaining to the manager and
the worker respectively. V,, and V,,, are given by:

Vio(€gms€0,) = auwly(€s,,eo, | Om:0u) —y(€a,,,0 | Omn,0,)] + an(z) deq,
(3.5)

Vm(egm, Ggw) = Qg [?J (69w7 €9, | Qma ew) - A (l‘) ¢66w] + o,y (Qa 0 | 0m7 ew)

From expression (3.5) the number of firms in the economy has distributive
effects, as it changes the terms of trade between owners and workers inside
the firm. We show that this externality has effects on agents’ incentives to
provide high effort.

Consider the incentive compatibility constraint of a type-6 owner, given
that w exerts e,,. This is given by:

Vin(ew,€) — c(€,0,,) > Vi(ew, e) —cle, 0n) = Vin(ew,e) <

9Remark 3 is straightforward since for all (eq,,,eq,,,2,s), from (3.1) and (3.2) and
since A (s,z) < 1, we have :

y(eamaeéw | emaaw) >y (69m70 | emvow) +X(S,l’)¢€gw



44 CHAPTER 3. CONTRACTING EXTERNALITIES

am [y (€, €, | Om, 0w) — A () pep,] + uy (€,0 | O, 0) — c(€, 0,)
Z (079 [?J (§7 €0, | me 9w) - A (I) ¢69w] + QY (Qa 0 | ema ew)

This simplifies to the following incentive compatibility condition:

c (éa em) S (679 [y (é: €6, ’ ema ew) -y (Qa €o,, ‘ ema 9w)]
—f-Oéw [y (67 O | Qm, ew) - y (Q? 0 | ema Qw)]

The incentive constraint for the type-0y, worker, when the manager exerts
effort ey is:

Vio(em,€) — c(€,0,) > Vi (em,e) — cle, 0y) = Vip(em, e) &

ay [y (€ ea,, | Om,0w) —y (€,0 | O, 00)] + amA (z) e — c(€, 0,,)
Z Oy [y (Qa €6,, | 0m7 0111) -y (Qv 0 | ema Hw)] + am>\ (l’) ¢§

what simplifies to the IC condition for the worker:
[y (€0,,,€ | Oms 0u) — Y (€q,, € | Om, Ow)] + amdA (2) (€ — €) = c (€, 0u)

These IC inequalities make clear the effect of market externalities on
incentives inside the firm. These effects are asymmetric for the owner and
the worker:

Remark 4. The incentive constraint of the manager is not (directly) affected
by the total number of firms in the economy. On the other hand, increases

in the total number of firms improve the worker’s incentive to exert effort.

In order to obtain the total number of firms in equilibrium, the following
definitions will be useful:

Definition 2. We call the worker’s threshold type, O (), the minimum
value of 6 such that an agent who is the owner of the asset in a firm will
invest when the manager invests:

¢(2.00(@) = awly@e]0n,00) —y(@c| O 00)
+am (2) 6 (E — ¢) (3.6)
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Definition 3. We call the manager’s threshold type, gm, the minimum value
of 0 such that an agent that is the owner of the asset in a firm will invest

when the worker invests:

c (g, ’e“m) = an [y (@ | O b) — y (€| O 60)] (3.7)
+(]1w [y (67 O | 07717 Qw) - y <Q7 0 | va Qwﬂ

These threshold types set an upper bound on the total number of firms.
From assumptions (3.1) and (3.2) it is clear that 6,, < 6, (x) for all values
of z. N

The total number of firms satisfies z < N % (5 - Gm) , since agents with
type 6 < gm do not exert effort in any case as team members. On the other
hand, if in equilibrium O (x) > % (5 -+ §m> the number of firms is given by

N (9 — 0w> since for each individual that is eligible to be a worker there is an

agent that is eligible to be a manager, but not vice versa. These conditions
together with a fixed point condition on z, yield the total number of firms:

Proposition 5. The total number of firms in the equilibrium with incomplete

contracts, x€, is a solution to:
¢ = N max {O,min {(5 — 0 (xe)) ,% (5 - gm)l } = A (29 (3.8)

Moreover, all agents with 0 € [5— 22,6 — :L'e] participate in the firm as
managers (asset owners) and all agents with 6 € [5— xe,m participate as
workers (not-owners).

For two agents (6, ¢'), the condition:
(+) = [0 > 6, () andd’ > ém}

is sufficient for them forming a firm.Condition (%) is necessary for them form-
ing a firm from Proposition 1. So we can restrict ourselves to pairs of agents

that satisfy condition (). In particular, agents with ¢’ € [gmﬁ] are poten-

tial managers only (PMO): they would never exert effort as workers. Agents
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with 0 € [51,),5} are potential managers and workers (PMW): they would
exert effort both as workers if matched with a manager with ¢’ € [5% 5] and

also as managers, as long as matched with a worker with 0" € [gw, 5] . Since

5,,1 < 5“), there are three possible situations: 1) blocked entry. If gw > 0.
In this case there are no agents that would exert effort as workers even if
managers would exert effort. No managerial firms can enter. 2) scarce work-
ers. If 6 — gw < gw — gm There are not enough workers for the number of
(PMO). The number of managerial firms is set by the number of PMW. 3)
scarce managers. If  — gw > gw — gm. PMO are fewer than PMW. Some of
the latter can be given property rights and matched with other (necessarily

more efficient) PMW. The number of managerial firms is 1/2 (5 — 9w>, such
that all 6's with 6 > gw are involved in a firm.

It is clear from the comparison of the efficiency condition (3.4) and the
equilibrium condition (3.8) that x¢ will in general be inefficient (z¢ is in
general suboptimal, since a team will not be formed if it does not generate
positive surplus without agency problems).

The solution to (3.8) depends on the position of the mapping A (z) relative
to the identity mapping. It is straightforward to show:

Corollary 1 From the concavity of A (x)'° at least one solution always
exists and the number of solutions is not bigger than three. If there are three
equilibria (z°, z%¢, %) we have: z° =0 < z" < 2* and (x°,x°¢) are stable
equilibria but (z"¢) is an unstable equilibrium.

Consider the case where there are three equilibria: (0 < "¢ < x*¢). The
possibility of multiple equilibria is a direct consequence of incentive exter-
nalities: under no renegotiation (first best) there is only one equilibrium in
the industry.

1OA” (x) < 0 since:

N'(z) € {0,
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Under incomplete contracts, if agents believe that other agents will not
enter, then human capital is not a "liquid” asset in the secondary market
(ex post production): workers face poor outside opportunities and therefore
high expropriation. Incentives are poor and agents do not start firms. The
initial beliefs are confirmed. If agents believe that there will be many firms in
the industry, the converse happens, good incentive conditions are anticipated
and agents enter the industry.

3.3.2 Comparative statics

In this section we analyse the interaction between the mass of agents, N,
and the degree of development of an economy. Parameter ¢ determined the
efficiency of ex-post production. Let ¢ and p be two additional parameters
also related to efficiency:

e 7 is an index of efficiency in the cost function c(e,6,), such that
c(e,0,¢) =c(e) and:

Oc(e,0,%) _ 9c(@,0,¢)
00 a0

0< S >

e p is a parameter of "efficiency” in the matching function A (x, p) such
that

1
VmE{O,aN], 1> Az, p) > Az, p) >0 p>)p

Comparative statics allow us to analyse the interaction between these
variables.

Proposition 6. If

then, x°¢ = 0 is a solution to (3.8). Moreover,
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A~

a. for z = {N,v,p, ¢} there is a ‘critical value’ Z = {]\7,1;, ﬁ,é} such
that:

for z < Zx*(2)=2°(2) =2 (2) =

0
for z > Z,x2%(2) > 2" (2) >2°(2) =0

andx*¢(z) > 0 otherwise

b. Moreover, for increments in z beyond zZ we have:

81,86 a:L.fLLG
>
5, = 0 and 5,

<0

From condition ¢ (€,6) > ay [y (€,€ | O, 0u) — y (€,€ | O, 0,)] it is clear
that the most efficient type 6 cannot enter as a worker when z = 0. With no
workers in the economy there are no firms and z¢ = 0 is an equilibrium. But
A (z) is strictly increasing in x : there exist a number of firms z, such that
A(z) =0 for z <z, and A (z) > 0 for z > x,. Since A (z) is linear in N the
proposition follows.

Proposition 6 shows the existence of increasing returns to scale in the
economy with incomplete contracts, even if the underlying technology is of
constant returns to scale.

From Proposition 6 there is a discontinuity in the relationship between the
development characteristics of the economy and industrial activity. Below a
certain development level there is no activity. Beyond that level there are
equilibria that support positive industrial employment. In particular, the
stable equilibrium implies a greater level of employment in the economy. As
the size of the economy increases (or as the economy becomes more efficient)
the employment level implied by the stable equilibrium increases, whereas
the employment level in the unstable equilibrium decreases.

Since the transaction costs and the inefficiency in the economy are pro-
portional to the critical mass, N, proposition 6 shows a connection between
technological progress and transaction costs. Technological progress reduces
transaction costs, since it reduces the critical size of the economy required
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to start production. Moreover, if we interpret this to mean that the density
of the economy in a region increases the efficiency if the matching function
A, increases in economic density reduce transaction costs inside the firm and
reduce the minimum start-up scale of a sector.

3.4 Empirical Implications

The main finding of the previous section is that under incomplete contracts
(and therefore aggregate increasing returns) there are in general (if levels
of development and/or population are sufficiently low) multiple equilibria,
with industrial delocation as one of the equilibria. On the other hand, in the
economy with complete contracts and constant returns technology, industries
have one equilibrium level of employment that is positive. In this section
we explore this theoretical implication: it is more likely to find evidence of
multiple equilibria and industrial delocation in less developed regions than
in more developed regions!!.

We distinguish between regions, ¢ € {1,..., I}, productive sectors, j €
{1,...5}, and time periods, t € {0,...T'}. Let 4 be the number of employees!?
in sector j, and region 7, at time ¢. A region i at time ¢ is characterised by its
population mass N;,and its degree of technological development or efficiency,

(wity ¢zt) .

With a straightforward dynamic interpretation to the schedule in (3.8),
13.

given g the subsequent number of firms, yiil,is :
Yirr = N (1/?7 Zz't)

Total sectorial employment in the next period in region ¢ depends non-

linearly on this period’s existing sectorial employment and on the character-

1Tt is important to notice that, if this empirical pattern is true, it can be explained by
other theories of aggregate increasing returns different to our theory based on contracting
externalities. We make no attempt here of empirically selecting the best theory to explain
multiple equilibria. We simply argue that multiplicity of equilibria is inconsistent with the
constant returns/complete contracts model and it is not inconsistent with the constant
returns(at firm level)/incomplete contracts setting.

2In the model y is proportional to the number of teams z, equal to %y = .

131t is straightforward to show that A(y;) is the actual number of employees at t + 1
if the model described in the theoretical section represents the economy at period ¢ and
there is an arbitrary and discrete number of periods.
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istics of the region. In order to approximate the mapping A, we specify the
following equation:

R
ytil = Inax {O, (ao + arg7 + as (ytj) + § by z(r) + 5#) } (3.10)
r=1

The censored structure of (3.10) follows from (3.8) and from g}’ being
a stock. We assume independence and normality of the error term: éij ~
N (0,0?). The coefficients (ag, a1, as) capture the non linearities'* in A. The
coefficients (by, ..., by, ..., bg) capture the dependence of A on the regional scale
and development characteristics: {z}:(r)}f:l , as predicted by Proposition 2.

Table 1 exhibits the necessary conditions for the parameters (ag, a, as)
in (3.10) to be consistent with the existence of only one equilibrium and

multiple equilibria in the industry:

Table 1
Restriction ag,aq, as

One equilibrium | Multiple equilibria
ag >0 ag <0
a; >0 a; > 1
as <0 as < 0

If there are three equilibria, we call the unstable equilibrium y*“¢ € (0, y*¢)
the critical mass of the sector, since the industry has y; < y"° sectorial
employment converges to zero (or the sector follows a delocation process).

From Proposition 3, we expect the coefficients (b1, ..., b,, ..., br) related to
development effects to be positive. The coefficients in b, are interpreted as
correlations between the development and scale characteristics of the region
and the increase of sectorial employment. Positive values of b, shift upwards
the A() schedule, implying that industry dynamics in large or developed
regions have a smaller critical size (unstable steady state x"¢) in industry
size.

Our empirical strategy is as follows. We construct in the first place proxy
variables to implement equation (3.10) and show descriptive statistics. We

MWe expect A() to be concave: see footnote 9.
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estimate the censored endogenous variable (tobit) model in (3.10) by max-
imum likelihood. We test the unique versus multiple equilibria hypothesis,
according to the definition in Table 1.

3.4.1 Data

We have collected data from a number of sources: the data on the employ-
ment stock in sectors, regions and years is extracted from the Active Pop-
ulation Survey (Encuesta de la Poblacion Activa) of the National Institute
for Statistics (INE), the data on regions’ unemployment rate is taken from
the Regional Accounts of the Spanish Ministry of Economy; and the figures
for regions’ populations are from the Census. Finally, the data on regional
gross product is from the BBV Foundation’s Statistical Sourcebook. More
precisely, our proxy variables are constructed as follows:

e i is defined as the total number (in tens of thousands) of employed
individuals in (4, ) in year ¢, as recorded in the Spanish Population
Survey

e N, is the population size of region i at time ¢

e ;. ¢ are related to the technological efficiency of the economy. We
use the gross product per capita statistic and the number of patents
issued in region ¢ as proxy variables

e We introduce in addition a number of control variables. In particular
we use information on the regional unemployment rate and an index of
region’s specialisation (constructed from the employment data)

Table 2 the descriptive statistics of the proxy variables, the controls and
some of their cross-products.
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Table 2

Descriptive statistics of the proxy variables in equation (3.10)
Variable Mean | Std Dev | Min | Max
%mi y(g;tﬁr_l) P;riod [.1987—92] 0.19 0.56 | 0.00 | 9.40

o = (4') Period [1986-01 | 020 0.56 | 0.00] 9.58
(Lagged ngi)’goemployed> = (yit)? 0.35 3.19 | 0.00| 91.77
Gross product per capita;; in m Ptas 1.09 3.83 | 0.48 2.15
log of population;, 13.19 0.80 | 11.45 | 15.43
Income per capita z log of population 14.41 4.43 | 6.44 | 30.02
Number of patents issued;; 39.94 107.00 | 0.00 | 729.00
Index of specialisation;; 0.16 0.56 | 0.01 1.00
Unemployment rate; 18.01 1.59 ] 16.21 | 20.53

3.4.2 Estimation results

The main inferences from our model are the existence of multiple equilibria
in industry dynamics and the negative correlation between the critical size of
industrial sectors (measured by unstable steady state size of the industry) and
the scale and the development of the region. There is a reinforcement effect
where regional development and scale reduce the probability of industrial
delocation. The reinforcement effect arises because the larger scale of the
economy improves incentives conditions, directly fostering the formation of
firms.

Table 3 shows the result of estimating the censored endogenous variable
(tobit) model in equation (3.10) by maximum likelihood, with different sub-
sets of the variables in Table 2. Model 2 estimates the region’s fixed effects.
The significant fixed effects coefficients from Model 2 are reported in Table
4.
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Table 3
FEstimation of (3.10)
Number of observations: 7309
Model 1 | Model 2 | Model 3 | Model 4
Log likelihood -1,366 21,404 1,399 1,410
Variable:
Constant -0.5298 -0.0306 -1.0440 -1.1761
(0.0190)* | (0.0108)* | (0.1169)* | (0.1215)*
Y 1.0834 1.0561 1.0649 1.0588
(0.0052)* | (0.0064)* | (0.0062)* | (0.0063)*
(v 1)2 -0.0139 -0.0097 -0.0100 -0.0100
(0.0009)* | (0.0010)* | (0.0009)* | (0.0009)*
Income per capita 0.7403 0.9372
(0.1013) | (0.1103)*
log(population) 0.0747 0.830
(0.0088)* | (0.0090)*
Income p.c. x log(pop) -0.0554 -0.0706
(0.0076) | (0.0084)*
Number of patents 0.0001
(0.00003)*
Unemployment rate 0.0012
(0.0012)
Especialisation 0.0105
(0.0126)
Regional dummies no yes no no

(*): significant at 1% level

In all four models shown in Table 3 we reject the null hypothesis that
there is a unique industrial steady state, since the intercept term, ag, is
negative and significant, the slope of A at the origin, a;, is greater than

one (at 1% level) and the estimated A(y;) mapping is concave in y; (as is
negative and significant). Given the estimated hypothesis, we find that there

are three equilbria in the average industry: no activity, y = 0, being an

equilibrium and two more equilibria, y*¢ and y*¢, that satisfy the estimated
equation (y“,y*) = EA (y"¢,y*¢). The stable equilibrium is greater than

the unstable one (y“¢ < y*).
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Are sectorial dynamics different in developed regions and less developed
regions? Model 2 introduces a regional fixed effect, that measures the dif-
ference of the regional intercept with the intercept of the excluded region®.
We find ten regions with an intercept aq significantly smaller than that of
the excluded regions (that was already negative). This means that the A
schedule shifts downwards for these ten regions and that they have greater
critical mass of industry and a smaller steady state. These ten regions are
listed in Table 4 below the entry for Barcelona.

Table 4 shows the difference between the intercepts of the included re-
gions and the intercept of the excluded region (ag; — ap1), the smaller root of
the estimated difference equation (the critical mass xz"¢), the regions’ popu-
lations (in level) and the gross product per capita as of 1987. Notice that all
ten regions are sparsely populated (the average population of the regions is
535,000 inhabitants) and have product per capita smaller that the national
average of 1.09 mPtas (see Table 2). The estimated sectorial critical mass for
the sparse regions ranges from 620 employees in Céceres to 903 in Zamora
(to be compared with the absence of a critical mass in the large scale region
of Barcelona).

At the other extreme of the spectrum we find that the fixed effect of
Barcelona’s region os significantly greater that the excluded region (this is
also the case for Madrid, but the coefficient is not significantly different to
zero). The intercept term for Barcelona is estimated as non-negative. This
implies that for this region we accept the hypothesis that there is only one
steady state and a critical mass of the industry does not exist.

The excluded region in the regression is Alava, a relatively industrial and developed
region. This explains why most of the estimated fixed effect coefficients in Model 2 are

negative.
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Table 4
Dummy variables estimated in Model 2
that are significant at 5% level

Region ap; — ap1 | )¢ N; Product p.c.
(std dev)

Barcelona 0.005 0 | 4,629,176 0.9561
(0.173)

Caceres -0.0347 620 422,347 0.6982
(0.0168)

Albacete -0.0348 620 346,793 0.5867
(0.0159)

Soria -0.0382 652 97,915 0.8511
(0.0169)

Teruel -0.0414 682 149,423 0.8459
(0.0169)

Almeria -0.0427 | 695 446,200 0.7183
(0.0170)

Lleida -0.0438 705 352,350 1.0793
(0.0168)

Avila -0.0454 720 182,634 0.6508
(0.0171)

Lugo -0.0461 727 406,123 0.6204
(0.0170)

Cuenca -0.0588 847 213,812 0.6023
(0.0173)

Zamora -0.0647 903 222,240 0.6712
(0.0176)

A clearer picture of the relationship between the scale of the regions
and development on one hand and the size of the industrial mass on the
other hand, can be drawn from Model 3 and Model 4 in Table 3. The
coefficients for gross product per capita and logarithm of population are
positive and significant. Scale and development alter industry dynamics,
reducing the critical mass x"¢. But absolute scale and development do not
complement each other to reduce critical mass, as revealed by the negative
(and significant) interaction term Income p.c. X log (pop) in Model 3 and
in Model 4. Large scale or development are each by themselves sufficient
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to reduce the probability of industrial delocation. That is, regions with a
sufficiently large population but a small gross product per capita have a small
critical mass in industries. Conversely, small regions with sufficiently large
gross product per capita are likely to avoid a “delocation trap”. However,
regions that are both small in size and have a small gross product per capita
have a large sectorial critical mass. Table 4 exhibits in rows 2 to 12 the ten
regions with the largest critical size. In these ten regions a negative sectorial
shock that sets the level of employment below its critical mass z"¢ starts
a delocation process that can lead to the end of sectorial activities in the
region.

In the remaining 39 regions, the intercept term is not statistically different
to the one of the excluded region (Alava) equal to -0.0306, the constant
in Model 2 in Table 3. This intercept term implies a critical size of 210
employees, a middle ground between the case of Barcelona and the ten sparse
regions in Table 4.

3.5 Conclusions

We have derived a theory of increasing returns to human capital that does not
arise directly from the assumptions on the productive technology. Our theory
starts from a simple observation. As the scale of an economy increases, the
number of inefficient re-allocations of factors increases exponentially. Ineffi-
cient re-allocations serve as outside options to agents when bargaining for the
terms of trade. Although these options do not directly contribute to social
welfare, they change agents’ incentives to engage in human capital invest-
ments. With transaction costs deriving from inefficient ex post bargaining,
we find that in the decentralised equilibrium there are generally increasing
returns to scale.

As opposed to other theories of agglomeration based on transaction costs
derived from ex post bargaining (Acemoglou (1996)), our theory does not
rely on search externalities. It does not rely either on the idea of distorting
the capital-labour ratio from the optimal ratio, so as to make labour “scarce”
and force capital to compete for labor. In our setting there are centralised
factors” markets ex ante (although there is search -out of the equilibrium
path- for secondary markets) and the proportion of factors at production is
the efficient one. The source of increasing returns relates to the fact that the
economy produces for free a good that is valuable under transaction costs:
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the possibility of inefficient re-allocation of factors.

We have shown how to use the theoretical model to restrict the data. In
particular, our fixed-point equilibrium condition is used to specify a dynamic
equation of the number of new firms as a function of scale and measures of
activity, in a region and sector. The theory leads to a censored first-order
non-linear difference equation for the level of sectorial employment in regions.
Our estimates of the difference equation are consistent with the existence
of multiple steady states in sectors and with the existence of a sectorial
critical mass. In particular, if a sector suffers a shock that sets total sectorial
employment below the critical size, industrial delocation follows and leads to
the collapse of sectorial employment in the region.

We find substantial differences across regions. In densely populated or
developed regions the average critical size of sectors is smaller (even non-
existent in one case) than in sparsely and less developed regions. There
is a positive reinforcement effect in development, in the sense that greater
development reduces the probability of industrial delocation.

On the other hand we are not able at this stage to empirically distinguish
between our theory of agglomerations and other theories.
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Chapter 4

Interaction amongst Agents
with Moral Hazard and

Adverse Selection

There is a principal who faces adverse selection and moral hazard
simultaneously. The agents have private information about which
is the best organisation — either working together or separated —
for a given project. The agents, since they are risk averse, are
willing to work together to insure each other. The principal has
two basic problems. The first is to motivate the agents so that
they work hard on their own projects. The second is to avoid
that agents work together when it detrimental for the success of
projects. We find a solution in which the risk given to solve the
moral hazard solves as well the adverse selection problem.

29
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4.1 Introduction

A principal has two projects to delegate to two different agents. She faces
a twofold challenge. First, moral hazard, that is, to promote the best level
of effort on each project in order to maximise profits. The second, adverse
selection, is related to the organisation of both projects. The principal has
to decide whether to place the agents working together, say for example
in the same office, or to separate them. This depends on the nature of
the projects. There are certain tasks which are better performed by being
with other workers doing similar tasks. In this model, when interaction is
beneficial, positive synergy arises between the agents. This synergy increases
the likelihood of a good outcome. On the other hand, other types of tasks
are not benefited or are hindered by interaction, meaning that no positive
synergy appears between the agents.

In our model, the principal does not have sufficient knowledge to decide
whether the agents will perform better working together or separated. The
principal is unsure whether the synergy effect will or will not outweigh the
mutual insurance effect. Conversely, the agents, who are specialists in their
own field, know precisely what will be the effect on the project of work-
ing with someone else, but always want to work together to insure against
possible bad outcomes. The principal has to design a contract that gives
incentives to the agents to self-select.

The solution to the model is such that the risk given to solve the moral
hazard in the possible team organisation for the project is enough to get rid
of the adverse selection. In other words, the contract that gives incentives to
exert high effort also induces agents to self-select.

The literature has widely studied the problem with a principal and sev-
eral agents. I. Macho (1991) is extensive on this subject. She explains what
are the incentives and contracts in the case where there is only information
about the output of the team versus where the information is on the in-
dividual output. She also explains the best action to take in cases where
collaboration among agents is harmful for the principal or in cases where it
is good. Tirole (1986) proposes a model where coalitions are harmful. He
describes the behavior of an agent and his supervisor. When facing their
principal, they manipulate the information, which benefits themselves and
has bad consequences for the principal. On the other hand, there are articles
which show that, when there exist complementarities between agents, it is
profitable to the principal that they work together. These models analyse
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the question under the problem of moral hazard. For instance, Itoh (1991)
models a principal with two agents who may cooperate or not. He describes
situations in which collaboration between the agents is desirable and com-
putes incentive schemes for individual workers and for teams. I. Macho and
D. Pérez (1993) study the case where cooperation between two agents is
profitable, and compare the different cases depending on agents’ cooperative
behavior. However, none of these models takes into account that, in many
situations, it is the agent himself who better knows whether collaboration is
beneficial or not. In other words, the agent is more able than the principal
to tell whether projects are better performed by working with someone else
or not. This chapter aims to be a contribution in that direction. Addition-
ally, in the literature, the adverse selection problem usually arises because of
efficiencies in costs. In our model, we explore the case of the efficiency being
translated into higher probability of success rather into lower costs.

The next section in the present chapter describes the model. In section
3 we provides the solution to the case where agents and projects are sym-
metric. First, we solve the problem of moral hazard, and then we show that
the (second) best contract under moral hazard solves the adverse selection
problem. In section 4 we summarise the main conclusions.

4.2 Description of the Model

A risk-neutral principal has two similar projects to delegate. Separately, she
contracts two risk averse agents, 7 = 1,2, and assigns one project to each
one of them. The monetary outcome of each project, x], is observable and
can be either a success or a failure (i = S, F, with 2}, >> 27, for all j). We
denote x;, = x} + 23, where i,k = S, F.

Each agent chooses an action (effort), unobservable to the principal and
to the other agent, from the set e € {e" e}, where e > €. e" represents
the situation where the agent works “hard” and e’ where he is lazy. With
the level of effort spent on the project, the agents determine the probabilities
associated to the outcomes. Let p" = pg(e) be the probability that outcome
xg takes place when the agent chooses high effort (the probability associated
to outcome zp is then p = 1 — p")). Similarly, we define p* = ps(e’) when
the agent chooses low effort.

(A1) We assume p" > p’, hence the monotone likelihood property is satisfied
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— when the principal observes xg, she can infer that the agent may
have chosen e” rather than e.

(A2) The probabilities associated with the outcomes change depending on
the type of project and on the organisation of work the principal decides
to implement. She can either separate the agents or put them together.
If they are together, they interact with each other and this affects
the probability distribution over the final outcomes. Only the agents
know the most appropriate type of organisation for the projects by
recognising if the project may be better performed with collaboration.
Projects are be said to be of type 87 when they are better performed
with interaction, and of type #~ when interaction has no effect.

Good interaction means that the probability of zg increases under high
effort, and remains the same under low effort. We denote 7(e) as the
probability of zg under interaction with projects of type 6, with

1>7'h>ph>()

With low effort the probability of success stays p’. And when projects
are of type 67, the probabilities remain the same, p(e).

(A3) Agents’ reservation utility is U and their utility function is of the von
Neumann-Morgernstern type

U(w,e) =u(w) —v(e)

where v(-) determines the cost of effort to the agent'. We set v(ef) =0
and v(e") = v. We will assume that the probabilities, p;(e) and 7;(e),
and the outcomes, z;, are such that the principal wants to implement
high effort?. Hence, the first problem the principal has to solve is moral
hazard. She has to design the appropriate incentives so that the agents
work hard.

Let m be the monetary wage that the agents receive by working in
the project. We assume that both agents are risk averse, wu,, > 0 and

Models in which agents collaborate in their colleagues’ projects assume that this col-
laboration has a cost. In our model we are talking about “interaction”. Even if agent j may
feel concerned about agent —j’s project, he does not spend any effort on it. Interaction
has no cost or a negligible one.

2Given v, u(-),U for this is enough to assume xg — 2 to be large enough.
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Umm < 0. They know that one way to better bear the risk is to receive
insurance from someone else. By giving one part of his wage, m?, when
he has a success and getting a part of m =/ when he has a failure and
the other gets a success, he will be better off.

The conflict between the principal and the agents appears because the
principal is willing to split the workers up when interaction does not have
any good effect for the project. By interacting, agents would insure each
other and, thus, affect the incentives they have to work hard. On the other
hand, the agents, are risk averse and willing to work together to diversify
their risks.

Since the principal wants the agents to self-select, she proposes a different
wage scheme to each agent depending on the type of organisation. Let r =
{rs,rr} be the wages that the principal proposes to the agent if he wants
to work alone. And w = {wgss,wsr, Wrs, wpr}, when he interacts with
the other agent. Since agents insure each other, they do not consider wf
directly into their utility function because they know that by insuring they
get a proportion of the sum of wages (ie, o/ (w’, +w;’), where o/ stands for
the proportion of the team-wage that agent j gets).

4.3 Solution of the Symmetric Case

This section assumes that projects have the same monetary outcomes, that
both agents have the same utility function over wages, have the same cost of
effort and that they are paid the same*. We focus on the symmetric outcome
where rg5r = xpg and wsr = wrg. Also, since agents receive the same wage
for the same outcome and it is natural to assume that they have the same
power of negotiation, they share payoffs with o = % when they work together.

First we investigate the first best solution. This solution shows us that
under perfect information, ie, when the principal distinguishes types and

3In the literature, when a principal wants to encourage collaboration between two
agents, she designs the wages such that w’ depends on z7 and on 277, then agent j feels
involved in —j’s project. In this case we do not need to impose this dependence because
it arises naturally. The reason is that we are talking mainly about “interaction”. The
probabilities increase and decrease because agents are actually together.

4This assumption simplifies the analysis. The case where agents are different and

projects pay different outcomes would not affect the main conclusions.
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verifies the level of effort and the project type, there is optimal risk sharing.
The risk neutral participant in the contract, the principal, completely insures
the risk averse agents by giving the same constant wage independently of the
outcome.

Afterwards we solve the problem when there is imperfect information
about effort in both cases, when agents are separated and when they are
together. We get a menu of two contracts, one for each type of organisation.

Finally we study the cases where this menu of contracts is already self-
selective.

4.3.1 The First Best

The solution when there are no asymmetries of information provides the first
best. When the principal can verify agents’ efforts and is able to tell whether
interaction between agents is better for the projects, she only has to give
incentives so that the agents participate.

Because information is symmetric and the principal wants to maximize
profits, she will pay the agent a wage that just covers the effort cost plus the
reservation utility. The wage is the same in both cases, when projects are of
type 07 and when they are of type 6.

—1

mP=u (U+4v) Vik=SF

In the first best solution the principal gets the maximum expected profits
and the agent bears no risk and gets no extra rents.

4.3.2 Imperfect Information

First we see how the principal solves the moral hazard and calculates the
incentives she gives to the agents so that they choose e’ for their own project.
Then, we analyse whether the contract is self-selective.

The Moral Hazard Problem

The principal, independently of the type of organisation, wants that the
agents work hard. She has to solve the moral hazard in both cases, when
agents are separated and when agents are together.
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(a) Agents working separated

Since both agents are equal and projects pay the same, the principal has
only to solve the problem for one of them and she gets the solution for both.
The optimization program is the following:

max {ph(xs —rp)+ (1 —p")(zp — TF)}

{TS 7TF}

subject toto
Participation Constraint:
pulrg) + (1 = p"u(re) —v > U (4.1)
Incentive Compatibility Constraint:

prulrs) + (1= p")ulre) — v > plulrs) + (1 = p')ulrr) (4.2)

Constraint (4.1) ensures that the expected utility that agents receive is
at least their reservation utility level. Now effort is not observable. Hence
the principal needs to constrain more the optimisation program. The second
constraint, (4.2), guarantees that agents choose " rather than e’.

Two results can be derived from both constraints®.

Remark 5. The principal gives to the agents a expected utility level equal to
U.

This remark means that the first constraint of the optimisation program
is binding. This comes from the fact that the principal wants to maximise
profits. Hence she insures the minimum to the agents, only to make sure
that they agree to participate.

5Since these results have been largely discussed in the literature (for a more detailed
and rigorous discussion about them the reader should refer to Holmstrom (1979)). We
only give the intuition behind them.
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Remark 6. In the case where agents are separated, wages depend on out-
comes. The complete insurance they got when the principal could verify effort

and types does not take place anymore with asymmetric information.

Wages increase with ¢ because there is a “noisy” causality between effort
and outcomes — if high wages are an incentive to make high effort, and if with
high effort the successful outcomes are more likely to happen, wages have to
be increasing in with the outcomes.

This maximisation allows to calculate the wages (ie the contract) that
eliminate the problem of moral hazard, r* = {rg, r}}.

Note that there is no optimal risk sharing anymore. Agents receive a
payoff when the outcome is g and another when it is zp. Hence, the risk
neutral principal gives risk to the risk averse agents. Furthermore, while
the agents get the same expected utility, the principal receives less expected
profits. Thus, we get a second best solution.

(b) Agents working together
The principal would like the agents to work together only when the prob-
ability of a good outcome becomes 7". Then, the contract that the princi-

pal offers to agents working together arises from the following maximisation
problem®.

max {Th2 (55 — 2wsg) + 27" (1 — 7")(wsr — 2wsr) + (1 — 7")*(xpr — QU’FF)}

{wss,wsF,wrr}

subject toto

Participation constraint:

P u(wss) + 271 — TMu(wsr) + (1 — 7 2u(wpp) — v > U (4.3)

Incentive compatibility constraint:

6As before, we only need to solve the problem for one agent. Since agents are equal,
the solution for one of them can be directly applied to the other one.



4.3. SOLUTION OF THE SYMMETRIC CASE 67

P u(wgs) + 2771 = T u(wgp) + (1 — 7 2u(wpr) — v >(4.4)
' plu(wss) + 71 = pHu(wsr) + pt(1 — M u(wsr) + (1 — 7)1 = p"u(wrr)

Constraint (4.3) ensures the minimum expected utility to the agent. Con-
straint (4.4) tells us that each agent’s best response to his colleague’ss high
effort must be high effort as well”.

Setting Ay and ps as the Kuhn-Tucker multipliers, the first order condi-
tions of the maximisation problem are the following:

W (wss) = (") + p2 [(Th)2 — perh} (4.5)
47:’((10;;)}1) = 20" (1 ="+ m 27" (1 - ") = ' A —7") + (1= p")("))]
23@_0:))2 = M=) 4 [(1 =" = (1= p) (1 = 7")]

From these® we derive Remark 3 and Remark 4, which are the related to
Remark 1 and Remark 2, but applied to the case when agents work together.

Remark 7. In the case that agents interact, the expected utility they get is
the reservation utility level.

For that to be the case, constraint (4.3) has to be binding and hence the
multiplier Ay > 0. It can be shown by adding up the first order conditions
(4.5) over ¢ and over k we have

"This could be related to a Nash equilibrium. We assume that, if agents indifferent
between (ezl,eﬁ) and (eh1 , ehz), they choose what is better for the principal.
8Note that the one in the middle is in fact the sum of two conditions. This is because

WsF = Wrs.
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orhh
SN T Z )y Vik=S5,F
ik u' (wir)

which shows that A; can only be positive. The expected utility that agents
receive is equal to U. As we explained above, this is consistent with the goal
of the principal of maximising profits.

Remark 8. Wages w;, are increasing with the outcome.

The first order conditions (4.5) can be rewritten as follows:

u’(zim = At <1‘f—z)
T = e (1- 55

If us = 0 the wage would be constant for every ¢ and for every k. This
would be inconsistent with the principal’s wish to implement e*. With a con-
stant wage and non-verifiable effort agents would choose to be lazy. Hence
the multiplier must be s # 0. Furthermore, the quotients of joint proba-
bilities in equations (4.6) satisfy the Monotone Likelihood Ratio property,
with higher effort the quotient becomes smaller. Therefore, if the wage has
to increase with the outcome s has to be positive. Note that:

1 1 9
u'(wss) * W (wrp) - u (wps) (4.7)

. o . fox o x
From this maximisation, the contract w* = {wgg, wip, whg} can be cal-
culated.

The Adverse Selection Problem

The parameter the agents know is the type of the projects. The conflict ap-
pears when agents want to be together to insure each other even if projects
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are of type 67, because in this case the principal wants them to work sepa-
rately.

To analyse this situation the following definitions will be useful

Definition 4. We define the principal and agents’ possible expected utilities

depending on the project types and the contract the agents choose:

o ETIS(w*): The expected profits for the principal when projects are of
type 0% and agents choose to work together

BT (w*) = 7 (299 —2whe) + 27" (1—1") (255 — 2wl p )+ (1—7")* (2 pp —

2w;F>

o EII (r*): The expected profits for the principal when projects are of
type 0~ and agents work separated

BT () =2 ((p"(ws = 75) + (1 = p*)(@p — 7))

o EU, (w*): The expected utility for the agent when projects are of type
0" and he interacts with the other agent

EUt+(1U*) = Thgu(wgs) + QTh(l - Th)u(wng) +(1— Th)2u(w}F) —-v

o EU; (r*): The expected utility for the agent when projects are of type
0~ and he works alone

EU(r*) = ptu(r) + (1 = p")u(ry) — v

e EU, (w*): The expected utility for the agent when projects are of type

0~ and he interacts with the other agent

EU; (w*) = p" u(whs) + 20" (1 = 7" u(wgp) + (1 = p") u(whp) — v
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In the previous subsection, the solution to the moral hazard problem is
such that the expected utility that the agent receives is always equal to U
both if they work together and if they work separately.

EU (w*) = EU; (r*) =U (4.8)

Now we want to know if this solution to moral hazard is already self-
selective. Or if, on the contrary, the principal will have to distort wages even
more to motivate the agents to tell the truth about project types.

The situation we are going to analyse is the one where projects are of
type ?0~. So that a conflict between the agents and the principal arises, the
following must happen:

EII; (w*) < EI;(r") (4.9)
EU; (w*) > EU, (r") (4.10)

That is, when projects are of type 6, the principal expects more prof-
its if agents choose the menu of contracts {r¢,r%} (thus, choose to work
separated), while the agents would get more expected utility by choosing

{w§57 Wy, Whp}

Proposition 7. The risk given to solve the moral hazard is also a self-

selective mechanism. That is, it solves the adverse selection problem as well.

Equations (4.9) and (4.10) mean that the agents would lie to the principal
if the following was true:

EU; () = EU (w*) < EU; (w”) (4.11)

S

We have seen that the way to solve moral hazard is to give risk to the
agents. Since, outcomes are positively correlated with the effort chosen,
wages are increasing with outcomes'®, wgg > wgr > wpp. From equation,
(4.4), it can be checked that the agent is not able to afford high effort when he
interacts under a 6~ project. Additionally, from the participation equations
(4.1) and (4.3) it can be checked that the agents are not willing to exert e
simultaneously. They never choose to be together when projects are of type
0~ because they are not able to bear the higher risk of contract {w*}, since
their expected utilities would be smaller than U.

9Note that when projects are of type 8 no adverse selection conflict appears.
10See Remark 2 and Remark 4
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4.4 Concluding Remarks

This chapter analyses a principal who decides what incentives solve two prob-
lems arising from asymmetries of information. The first, is moral hazard. The
principal wants each agent to do a specific level of effort on his own task. Since
effort is costly, she transfers risk to the agents so that they have incentives
to work hard. The second problem she has to solve is the adverse selection
one. In the literature studying organisations, there are models which show
that collaboration among agents is harmful because they are able to manip-
ulate the information they submit to the principal or they may insure each
other and, thus, have less incentives to work hard!'. Other models conclude
that collaboration is good when agents have skills which complement each
other. In our model the source of adverse selection is precisely this one. The
principal does not know whether the success of the projects is more likely
to happen when agents work together or separated. The agents, since they
know better the production technology, can tell what is the best organisa-
tion. However, since they are risk averse, without any self-selective device,
they would always prefer to work together just to insure each other against
the possibility of failure.

To solve the moral hazard problem the principal offers wages to each
agent which are increasing with outcomes. This is the usual solution when a
principal cannot verify effort, and effort is costly to the agent. To solve the
adverse selection, the principal offers two wage schedules to the agents. One
for each type of projects. This is also a well known result in contract theory.
The innovation lies in the fact that the most efficient type (ie the situation
where contracts are better performed with interaction) does not give rents
to agents from their private information.

We have a solution in which the risk given to solve moral hazard eliminates
as well the adverse selection. On one side, when projects are of the positive
type, the probability of getting a success is larger and agents insure each
other, hence the principal has to give more risk with the wages so that agents
choose high effort. On the other side, when projects are of the negative type,
the probability of a success is lower and agents do not receive insurance
from each other, thus the principal offers wages comparatively not as risky.
Therefore, if projects are of the negative type agents would never choose
to work together because they would receive the wages related to failure

HSee Tirole (1986)
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with the higher probability, and they would not attain the reservation utility
level. Also, when projects are of the negative type the principal can avoid
the perverse consequences of interaction.

Usually, in an environment with adverse selection and moral hazard at
the same time, the principal would lose rents because of two reasons: the
incentives she has to give to get her desired effort level and because she
wants that agents reveal their information. However, even if she gets less
expected profits due to the risk she has to give to the agents, she does not
lose rents because of adverse selection.

Two interesting extensions arise from this model. The first is related to
effort. We wonder what would happen if effort was continuous. Would the
principal ask for the same effort level when agents are working together and
when agents are working separated? Since probabilities in these two situa-
tions change, it would be possible that she asks for different levels of effort.
Second, it would be interesting to analyse a generalisation of this solution.
That is, to study if with two dimensions of asymmetric information —adverse
selection and moral hazard— with the first one affecting the probabilities re-
lated to the outcomes, the solution to solve the moral hazard problem is
also a solution to the adverse selection one. Hence, to study whether, by
giving risk to the agents so that they feel motivated to work hard, they will
self-select automatically.
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