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The standard Principal-Agent (PA) model assumes that the principal can control the
agent’'s consumption profile. In an intertemporal setting, however, Rogerson B&8%-
metrica53, 69—-76) shows that given the optimal PA contract, the agent has an unmet
precautionary demand for savings. Thus the standard PA model is invalid if the agent has
access to credit markets. In this paper we generalize the standard PA model to allow for
saving and borrowing by the agent. We show that the impact of such access critically de-
pends upon the treatment of default. If default is not permitted, efficiency is strictly reduced
by the introduction of credit markets, and the equilibrium level of borrowing or saving is
indeterminate in the model. If default is allowed, however, the optimal contract depends
upon the level of bankruptcy protection in the economy, which is described by a minimum
level of wage income. We show that there is an optimal intermediate range of bankruptcy
protection. Within this range, allowing default increases efficiency in the economy relative
to the case of no default. Also, the model predicts specific levels of consumer debt, interest
rates, and default rates as functions of the level of bankruptcy protection Jewghal of
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1. INTRODUCTION

As an empirical matter, most workers have the opportunity to adjust the ti
ing of their consumption relative to the timing of their income. Even in the mo
primitive setting, workers can store nonperishable output. In industrialized mar
economies with well-developed financial markets, individuals have accessto ¢
petitive markets for both saving and borrowing. In contrast with this observatic
models of agency typically assume that by setting the wage, the principal (or fir
exercises complete control over the agent's (worker’s) consumption profile. In t
paper we extend the standard principal-agent model to allow for access to ct
markets. In particular, we give the agent unrestricted access to saving, risk
borrowing,and alsorisky borrowing incorporating the possibility of default.

The starting point for our analysis is the well-known result, due to Rogers
(1985a), that in an intertemporal setting the optimal principal-agent (PA) contr
derived without access to financial markets leaves the agent with a precaut
ary demand for saving. Riskless saving benefits a risk-averse agent by provi
partial insurance against future wage uncertainty. The problem, of course, is
further insurance reduces overall efficiency because the agent, facing weake
centives, works less. Thus, the solution to the standard PA moaeesiblein
an environment with unrestricted access to saving. Given the importance of the
model in modern economics, it therefore seems critical to extend the basic m¢
to incorporate access to credit markets.

Alternatively, one could argue that the PA model is still valid if accompanie
by restrictions on saving, as with the interlinking of credit and labor contrac
in sharecropping (see Braverman and Stiglitz (1982)). Such restrictions are
commonly observed in modern economies and in any case would be difficult
costly to enforce. In addition, in order to determine the value of imposing su
restrictions, one first needs a model of optimal contracts in their absence.
develop such a model and explore some of the consequences for contract de

While extending the standard principal-agent modelto include saving is straic
forward, adding debt raises several interesting issues. Given a stochastic f
wage, allowing the agent to borrow introduces the possibility of bankruptcy. Thi
the model must specify how assets are allocated in default. Moreover, since
probability of default depends indirectly on the agent’s incentives, lenders
also have an interest in restricting the agent’s access to credit markets. Rather
make a single specific assumption regarding these issues, we develop a mode
is general enough to consider a variety of alternative scenarios. Doing so allow
to address a number of important questions, including: What effect does the in
duction of saving and riskless borrowing have on the principal-agent model wi
bankruptcy is precluded? What is the effect of risky debt with bankruptcy possit
ities? Do there exist bankruptcy protection levels such that permitting bankrup
enhances efficiency? What effect does bankruptcy protection have on labor
tracts, interest rates, default rates, and debt levels?
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First, we avoid the complication of default and introduce saving and riskle
borrowing into the model. In this case, the agent’s maximum total debt is limited
the agent’s minimum future wage. The agent’s saving/borrowing decision adc
new incentive compatibility constraint into the standard PA model. Moreover, tt
constraint is binding, and the agent’s equilibrium utility is decreased relative to t
standard model. Though the opportunity to save has an impact on equilibrium,
saving or borrowing need be observed in equilibrium since any riskless transf
can be offered directly through the labor contract.

Next, we introduce risky debt and the possibility of default to the model. W
assume that there is a minimal levelof wage income which is protected in
bankruptcy. Fon. =0, there is no bankruptcy protection, and the agent defaul
only when it is infeasible to repay the loan. Fog 0, absolute priority is violated
and the agent can retain some wages in default. We are interested in the effe
different levels of bankruptcy protection on equilibrium outcomes.

As mentioned earlier, in this setting lenders are also concerned with the age
incentives and the impact that further borrowing or lending might have on the
incentives. We consider two alternative environments. First, we analyze the ¢
of exclusivedebt, in which the lender can renegotiate the loan terms if the age
borrows or saves in the future. We also consider the casemfexclusivalebt,
as in Bizer and DeMarzo (1992), in which lenders have no ability to monitor
restrict future borrowing or saving by the agent. In both settings, we introduce
methodological technique that allow us to solve for the optimal contract in certe
cases without solving explicitly the implied extensive form games, which a
analytically intractable in general.

Our main results are as follows. We find that in general there exist bankrup
protection levels for which the introduction of risky debt increases efficiency rel
tive to the case of allowing only riskless transfers. In particular, it is important th
bankruptcy protection is neither too strong nor too weak, but lies within an intern
diate range. Within this range however, the exact level of bankruptcy protectior
unimportant for efficiency. While this is true for both exclusive and non-exclusiy
debt, the efficient range for the bankruptcy protection level is reduced in the ¢
of non-exclusive debt.

Unlike the case of riskless debt, we find that equlibrium wage contracts a
banking activity are uniquely determined in this setting. Wage contracts differ frc
those predicted by the standard principal-agent model in that they are back-loa
thatis, the agent’s first period wage is reduced and the average second-period\
is higher than in the PA model. Given such a back-loaded wage, the agent borr
in equilibrium in order to smooth his consumption. This borrowing creates a “de
overhang” (similar to Myers (1977)) which eliminates the agent’s incentive to sa
and self-insuré.

2 That is, enough of the benefits of saving would be captured by the debt holders in bankruptc
make it unattractive for the agent.
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Our model also generates predictions regarding the level of interest rates, de
rates, and consumer debt as a function of the level of bankruptcy protection.
show that while marginal interest rates and default rates are naturally increa:
in the level of bankruptcy protection, debt levels may either increase or decre:

Related papers by Fudenbetal. (1990), and Allen (1985) embed banking in &
moral hazard problem and investigate whether there exist advantages to long-
versus short-term contracts that cannot be explained by intertemporal consumy
smoothing. These models assume thatthere is no possibility of default and henc
loans are at the risk-free rate. As we demonstrate, however, in the absence of de
the labor contracts are Pareto inferior to those derived with risky debt. In a pa
analyzing the implications of moral hazard for Ricardian equivalence, Rotemb
(1987) demonstrates that for specific parameter values, borrowing with bankruj
can offset government saving and maintain work incentives. His paper does
however, explore the full equilibrium relationship between the firm, the worker, a
the financial sector. Haltiwanger and Waldman (1986) introduce alternative cag
market assumptions, including risky debt, into a labor contracting problem, bu
their paper the agent’s productivity is exogenously determined, so moral hazat
not at issue. In the related context of insurance, Arnott and Stiglitz (1991) anal
how the market for insurance may be adversely affected by the agent’s abilit
obtain supplementary insurance from family and friends.

More generally, this paper is related to the common agency literature introdu
by Bernheim and Whinston (1986). That literature explores a situation in whi
several principals attempt to influence the action of a single agent. In this paper
firm that employs the worker, as well as the banks that extend loans to the wor
are all concerned about the worker’s effort decision and its impact on their prof
Thus, they can be intrepreted as multiple principals for the common worke
In our setting, however, the contracts are entered into sequentially rather t
simultaneously. In that sense it is more closely related to the models of sequel
contracting in Bizer and DeMarzo (1992) and DeMarzo and Bizer (1994).

Finally, there is a separate literature inincomplete markets in which the benefi
role of debt with default is considered. Zame (1993) and Dhey. (1988) show
that when markets are incomplete, requiring agents to fulfill all obligations c
severely limit contingent contracting. Allowing default increases the set of feasil
trades and can enhance welfare.

The rest of the paper is organized as follows. In Section 2 we introduce a stanc
two-period version of the principal-agent model and show that at its solution,
agent has an unmet desire to save at the market interest rate. Section 3 then e»
the model to allow for banking (borrowing and saving) by the agent that cani
be controlled by the principal. Since this adds additional incentive constrair
welfare is weakly reduced by allowing banking. Section 4 considers the cast
which only riskless borrowing is allowed, and shows that the agent is strictly wol

3 Our setting differs from the standard model of common agency in that the bank only cares al
the worker’s effort indirectly due to its effect on wages.
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off than in the standard PA model. Sections 5 and 6 then show that efficiency
be improved by allowing risky borrowing coupled with bankruptcy protectior
Section 5 considers the case of exclusive debt in which the agent borrows fror
most one lender, and Section 6 allows unrestricted borrowing from many lende
Finally, Section 7 concludes the paper, summarizing the results and sugges
areas for further research.

2. THE STANDARD PRINCIPAL-AGENT PROBLEM

To highlight the implications of access to credit markets, we first formulate tl
model in the standard principal-agent setting. A profit-maximizing, risk-neutr
principal employs a risk-averse worker to undertake a project that requires
worker’s labor, but worker effort is unobservable. Therefore, a contract must
designed that balances the objective of providing work incentives against the
jective of efficiently assigning risk. We assume that there is competition amo
principals (or that the agent chooses the contract), so that the observed con
is the one most preferred by the agent that yields non-negative profits for
principal. (This is not critical; see footnote 6.)

To simplify the intertemporal issues presented, we restrict attention to a tv
period model. Upon accepting a contract, the agent works in the first period, ec
a wage, and consumes. In the second period, the agent works, and profits o
project are realized. The agent is then paid a wage and consumes. The payoff o
project is given by a bounded random variallevhose distribution is affected by
the agent’s effort. Since the principal only observes the paxofind only in the
second period, the labor contract takes the form of the sharingrlés;, s(+)).
That is, the contract consists of a paymsriby the firm to the worker in the first
period, and a second-period wage schedi(¥) that is contingent on the project
outcomet The worker’s preferences are represented by an additively separs
Von Neumann—Morgenstern utility function,

U(c1, €2, €) = uz(c) + BE[uz(c?) | €] — V(e),

wherec; > 0 is consumption expenditures in periognde > 0 represents the total
effort expended. Note that we can interpugts an indirect utility function over
periodt income; we assume thatis increasing and strictly differentiably concave.
Also, we can interpret effod as occurring soley in period one, or solely in perioc
two, or spread out across the periods; the precise timing is not impoxtéjt.
represents the disutility of effort, whe¥éis increasing and strictly differentiably
convex, withV’(0)=0. Finally, the expectation is conditional upon effort since
the distributionF(x, €) of the project outcome depends upanin general, we

4The model can be generalized to the case in which the project produces output in both perioc
that the first period wage is also stochastic. All of our results still apply state by state according to
first period outcome.
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think of higher effort leading to higher output, though we make no such expli
assumption at this point. The distributiBhmay be either continuous, discrete, ol
mixed, but we assume the support is independent of effortfioete) be either
the density or the probability mass of outcomgiven efforte as appropriate. In
addition, we assume thdt(x, €) exists and is continuous i Letting w be the
agent’s initial wealth, if the agent accepts the cont&consumption is given By

CL=w+ 85, C=%.

Note that all of the agent’s initial wealth is consumed in period one, since at t
point we have not introduced an explicit saving technology. Of course, the ag
can save indirectly through the labor contract, by seting 0. The consequences
of alternative saving options are the heart of this paper, and they will be introdu
in Section 3.

Lettingr represent the competitive interest rate, the standard principal-ag
contracting problem, which we denote by (PA), is given by:

(PA)  maxe U(c, Cz€)
subjectto s; < - E[X — 5(X) | €],
e € argmaxU (¢, ¢y, &),

G=w+s, =%

The first constraint is the principal’s participation constraint, since the risk-neut
firm should earn non-negative profftd.he second constraint ensures incentiv
compatibility for the agent’s effort choice. As is well known, the solution to thi
problem involves an optimal tradeoff between work incentives and risk-sharil
We denote the optimal allocation and effort resulting from (PAXby (¢}, c3)
ande*, respectively. To facilitate later comparisons, we assume that this solut
is unique (up to changes on sets of measure zero) and interior (i.ect thétand

e* > 0).

A similar formulation of a multiperiod principal-agent problem has been co
sidered by Rogerson (1985a). In that article, Rogerson suggests that the opt
principal-agent contract is feasible only if the agent’s access to credit is seve
curtailed. In particular, Rogerson shows that at the solution to (PA), the agent
an unmet demand to save some of his first-period wage for consumption in
second period. We confirm this result in the context of our model:

PropPosITIONL (Rogerson, 1985a).At the optimal solution t¢PA), the agent
wishes to save at the interest rate r

5 Here and throughout the paper, we wejeto represent the random variable givenspgix).

6 We have written the problem to maximize the agent’s utility, although we could also have writt
it to maximize the principal’s profits subject to a participation constraint for the agent. This would
alter our results.
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Proof. Atasolution to (PA), the optimal sharing rule must satisfy the following
first-order condition (see Rogerson, 1985a, Proposition 1):

1 1 E 1
up(cy)  14r Buy(cy)

@)

We can interpret the LHS of (1) as the marginal cost to the principal of increasi
the agent’s first-period utility, and the RHS as the marginal cost of increasi
the agent’s second-period utility through a uniform increase of the second-per
payment. Since uniform changesgodo not change incentives, these margina
costs must be equated at the solution.

Sincee* > 0, the incentive compatibility constraint implies that the seconc
period wage (and hence consumption) must not be constant across states. T
fore, the strict form of Jensen’s inequality requires

uy(cr) < (1+r)EBUL(C3). @)

Hence (1+r) exceeds the agent’s marginal rate of substitutipne[Au5], indi-
cating that the agent would like to save at the market interest ratm

The intuition for this result is clear. Since the agent’s utility function is concav
the marginal impact of an additional dollar of income is higher at lower levels
consumption. Therefore, it is easier for the firm to provide work incentives for tl
agent if second-period consumption is lower overall. Thus, the need to prov
such incentives distorts second-period consumption downward, leaving the ac
with a “precautionary” demand for savings.

An implication of this result, however, is that in many standard economic en
ronments, the second-best allocation may not be achievable. That is, since I
contracts do not in practice impose constraints on savings, the agent should be
to save at the competitive, risk-free ratel'he theorem implies, however, that any
optimal (PA) consumption profile is not consistent with the agent’s ability to sav
Therefore, we have

COROLLARY. If the agent can save at the risk-free ratetre solution tq(PA)
(i.e., the second-best allocatipoannot be attained.

Since incorporating the desired additional saving directly into the labor contr:
(by reducings; and increasingy) is not in the firm’s interest, it must be the case
that such saving alters work incentives and reduces firm profits. Thus, if the ag
can save after the labor contract is signed, he or she can impose an externalit
the firm, as saving alters the incentive scheme of the original contract and act
a form of insurance for the agent against the second-period outcome. Of cou
this externality is imposed only if the firm insists on offering the (PA) contract. |
instead the firm knows that the agent has access to a bank, then it will take
into account when designing the labor contract. In the absence of restrictions
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savings, then, the standard principal-agent model is an inadequate model of |
contracts.

In the following section, we extend the (PA) model to incorporate banking a
to explore the implications of banking for consumption, production, and the fol
of optimal contracts. The major result is that bankruptcy protection can enha
efficiency. Before demonstrating this formally, it is useful to sketch the intuitic
here. As shown above, agency costs are minimized by pushing the agent’s mar
rate of substitution so that (2) holds. However, if only riskless saving and riskle
borrowing is permitted, then at the agent’s optimal saving/borrowing decision, |
agent's intertemporal Euler condition is

uy(ch) = (1 +r)EBuL(cs),

where the inequality may be strict since the agent may be constrained on the am
of borrowing permitted (in order for it to remain riskless). This contradicts (2
On the other hand, if risky borrowing is permitted, then the agent’s intertempc
Euler condition is

uy(cy) = (14 r)E[Bu5(c3) | nodefault]

since in the presence of a debt overhang, saving (or borrowing less) only incre
consumption in those states in which the agent is not bankrupt. Since those
states in which consumption is high and marginal utility is low, this implies that (
holds. Thatis, risky borrowing makes it possible to “push” the agent’'s marginal r:
of substitution in the direction that reduces the agency problem. However, ri
borrowing will not enhance efficiency if it requires the risk-averse agent to suf
very low consumption in the future. Hence, the combination of risky borrowir
with adequate bankruptcy protection is optimal.

3. THE PA MODEL WITH BANKING

We now extend the standard principal-agent model to incorporate the possib
of saving and borrowing by the agent. In this section we construct a general mc
that allows the agent to enter into an arbitrary number of savings or loan agreem
with different, competitive banks.

In particular, we suppose the following sequence of events: first, the worker :
the firm sign a labor contra@as described in (PA). After this contract is signed
however, the agent may approach a bank and secure a loan agrekemgntiie
amountl represents the loan received by the agent in the first period,| with
corresponding to saving. The agent then promises to repay the achaurnhe
second period (agaim < 0 corresponds to withdrawal of savings). In fact, the
agent may open several accounts with different banks; we index banksig
let (I, d;) be the agreement with barjk
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Finally, after securing a set of loan agreements with the banks, the agent wc
on the project and chooses a particular level of effort. In the second period,
outcome of the projecX is realized. The firm then pays the agent according to th
labor contractS, and the agent, in turn, repays the banks according to his or t
loan obligations.

Several assumptions are embedded in this formulation. First, we allow the ac
to procure any loan contract that is acceptable to the bank. That is, we do not al
the firm to restrict the agent’s access to banking, either explicitly or implicitl
via the labor contract. This corresponds to our goal of exploring the impact
unrestricted banking on labor contracts. Second, we consider only standard
contracts and do not permit the repaymedrtb depend explicitly on the project
outcomée’. In essence, we assume that only the firm and the worker write contra
on the project outcome; courts will not enforce general state-contingent contre
written by banks. This is consistent with the types of contracts that are obser
in practices

Given some set of loan contracts, we must determine the agent’'s consumpt
Let(,d)= Zj (I;, d;). Then the agent’s consumption in the first period is givel
by

Ci=w+ S +1. 3)

If default were not possible, then consumption in the second period would sim|
bec,=s, — d and all loans would be risk-free. In reality, of course, default i
possible and is observed. In fact, full repayment is not feasibllsifs,. Thus
loans may be risky. We incorporate this feature into our model of banking |
assuming that a bankruptcy law exists allowing the agent to declare bankrug
and avoid repayment of the loan. We assume that in bankruptcy, the agent’s
sets are seized, together with any wages in excess of some minimum “protec
level, denoted by.. For A > 0, this is interpreted as a bankruptcy protectior
law,® while for A =0, this restriction simply embodies the feasibility constrain
on repayment. Values of > 0 might correspond, for example, to the fact tha
many states protect debtors from extreme hardship by assuring them of a mini
level of wages.

7 Note, however, that though debt contracts are not explicitly state-dependent, this does not in
that the actual repayment will be independent of the project outcome once we allow for default.

8 Presumably, this is true since it is very costly for banks and courts to enforce more general st
contingent contracts. One could try to model this along the lines of the costly-state-verification literatt
While debt has an advantage in lowering verification costs, it is not clear that standard debt woul
optimal in this setting. We do not pursuse this optimal security design problem here, but instead res
ourselves to the empirically relevant case of standard debt contracts.

9 This roughly corresponds to the procedure in Chapter 7 bankruptcy.
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Given the bankruptcy protection levelan agent with contra& and aggregate
debtsd has second-period consumption given by

co(d, S) = maxfs; — d, min(s;, A)], (4)

since the agent has the option of either repaying the debt or declaring bankru
and keeping at most.'° Of course, the difference between the agent’'s wage
and actual consumptian represents the amount repaid to the banks. Thus, giv
Sandd, the actual aggregate repayment made to the banks is given by

S — ¢ = min[d, max&; — A, 0)]. (5)

Clearly, unlessl < max(s, — A, 0) with probability one, the repayments made b
the agent depend upon the realization of the project outcante this case, at
least one bank must hold a risky loan.

Without further assumptions it is difficult to characterize the precise set of lo
contracts which are available to the agent. Given the equilibrium strategy of
banks, however, there will lBomeset of aggregate loan contracts the agent ce
obtain by visiting an arbitrary number of banks. We adopt the notation

L(S) = {(| .d): (1, d) = 3 _(;. d;) available in equilibrium given wag@].

For now, we do not further characterize thels€®). We will characterize this set
throughout the remainder of the paper under a variety of restrictions.

Thus, after signing the labor contrégtthe agent can then approach the bank
and, via some combination of contracts, obtain any aggregate lohn Adter
signing these loans, the agent then works on the project and chooses an op
level of effort. Obviously, in equilibrium the agent will choose the loans and effc
to solve the following optimization problem:

B(S, L): maXqe U(C,Co,6),
subjectto K, d) € L(S),
G=w+s+I,
C; = max[s; — d, min(s,, A)].

That is, an equilibrium in the banking subgame should be a soluti®&{$oL ).

10 Alternatively, we could model bankruptcy protection as a guarantee against losing more t
some fraction of income (for example, federal statutes require forfeiture of at most 25% of incon
Then (4) would become; = maxfs; — d, §sp]. This would not substantially alter our main results.
Another implicit assumption in this formulation is that the wage payrsgig nonnegative. Relaxing
this assumption and accounting for feasibility implees= max[s, — d, min(s,, 1), 0]. Our results are
also robust to this generalization, though we omit it for simplicity.
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Note that effort is chosen by the agent after the aggregate loan contrac
determined. Hence at a solution toB( ), effort satisfies

e € argmaxJ (cy, cy, ). (6)
e

Because of the time separability of utility, optimal effort only depends on tt
distribution ofc,. We can write this as a functiafc,(d, S)), where we assume an
arbitrary (measurable) selection if the optimum is not unique.

We assume that the financial sector is competitive, is risk neutral, and faces
competitive interest rate!* In equilibrium, banks will only accept loan contracts
on which they expect to earn non-negative profits. Because this is true for e
individual loan contract, it must be true for the aggregate loan contract as wi
Therefore, at the equilibrium solutioh, ¢, €) to the banking subgamB(S, L),
we must have

1 .
| < o E[min[d, max(; — A, 0)] | €]. @)
That is, the expected discounted value of the total repayment should exceec
aggregate loan extended to the agent.
Having described the banking subgame, we can now describe the optimal c
tracting problem faced by the firm when the agent cannot be prevented fr
engaging in outside saving or borrowing:

(PAB)  max ge U(Ci,C2,6),
subjectto s < ——E[X — $(X) | €],

1+r
(1,d, e) e argmaxB(S, L),
=w+s+I,

C; = max[s; — d, min(sy, A)].

Note that the objective function, and the firm’s participation constraint are ide
tical to those of the standard principal-agent problem (PA). Also, d8{& L)
implies (6), the incentive compatibility constraint on effort is also equivalent. Tk
key difference between (PAB) and (PA) results from the additional incentive col
patibility constraint for the loan contract; under (PAB) the agent must also be
an optimum with regard to his or her banking opportunities. The fact that (PA
embodies additional constraints suggests the following obvious result:

PROPOSITION2.  Suppos€S |, d, c, e) is feasible unde(PAB). Then(S, ¢, €) is
feasible unde(PA), where§, =s; + 1 and$, = ¢,. The agent is thus weakly better
off under(PA) than under(PAB).

11 Note we are assuming that financial intermediaries have no advantage relative to the firn
extending credit to the agent. See, however, the remarks in Section 7.
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Proof. The nonnegative profit constraint for the firm in (PAB) impl®s<
o E[X — 52| €. Also, from (7), we havé < 7+ Els — ¢z | €]. Together, these
two conditions imply that

+1 < ! E[X—-c2| €] = 1 E[X-% €
St =1 2 T 1 =218
Therefore Sentails nonnegative profits for the firm under (PA). Finally, since col
sumption is identical, the optimality of effort in (PA) follows from the optimality
of effort in (PAB). m

To determine the precise relationship between (PA) and (PAB), further analy
of the banking sector is required, which we address in the following sections.

4. THE PAB MODEL WITHOUT DEFAULT

In this section we consider the impact of allowing the agent to save or to eng
in riskless borrowing. The agent is not permitted to borrow to an extent that wo
entail default. This is represented by the following set of aggregate loan coritrac

LS ={(,d):d = (1+r)l,andd < Oord < s, — A almostsurely.

We then denote by (PAB the principal-agent problem in which the banking
subgame is represented B(S, L°). We have the following immediate result,
which is somewhat anticipated by the results of Section 2.

ProPOSITION3. For any bankruptcy protection level, the agent is strictly
better off undei(PA) than under(PAR). The labor contract and amount of sav-
ing/borrowing are indeterminate und¢PAB’). In particular, no saving or bor-
rowing need be observed in equilibrium.

Proof. At a solution to (PAB), the agent must not prefer to increase saving
(or reduce debt). This implies the (FOC)

uy(c1) = (1 +r)BE[us(cy) | €.

This contradicts (2), which must hold at a solution to (PA). Hence, by Propositior
(PAB) is inferior to (PA). Also, if €1, ¢) is a solution to (PAB), it can be
implemented by the labor contragt= ¢; — w ands, = ¢,, in which case the agent
does not borrow or lend. In additiosy=¢; — w+k/(1 +r) ands,=c, — kis
also an optimal labor contract for any<k < ¢, almost surely, and fok < O if

Cz > X almost surely. =

12 Note thatd <0 corresponds to savings, white< s, — A almost surely implies that the debt is
repaid with probability one and there is no default. Hence these contractual restrictions are equiv
to the restriction to riskless borrowing and saving.
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5. THE PAB MODEL WITH EXCLUSIVE DEBT

In this section we relax the assumption that loan contracts must be risk-fi
and allow the agent to borrow against the risky portion of his or her future wag
Of course, banks rationally anticipate the possibility of default in this case a
set the loan rate accordingly. The difficulty is that the probability of default no
depends upon the agent’s wage, which depends upon effort. Thus, a bank holdi
risky loan is to some extent concerned about the agent’s incentives. Because t
incentives are affected by borrowing/saving activity, a bank holding a risky loz
is potentially affected by the agent’s future banking decisions.

We first consider an environment in which banks can monitor the agent’s futt
banking activity. In particular, we assume that the bank has the option to rene
tiate its debt contract with the agent in the event that the agent borrows or lel
elsewhere. We think of this as an “exclusivity” convenant associated with the di
contract!®

The first step in our analysis is to determine the set of aggregate loan contr:
that would be available to the agent in this environment. A useful benchmark is
compare this set with the set of loan contracts that would be accepted if the ac
could contract with only a single bank. We have the following result:

PROPOSITION4. Suppose loan contracts are exclusive. Then the set of agg
gate loan contracts(S) available to an agent with wages S satisfies

LX(9) > L9 = [(I d:I < iE[mln(d max[s; — 4, 0]) | e(cz(d, S))]}

Proof. Suppose the agent requestsd) € L*(S) from a bank. By definition,

if the agent engages in no further banking, the bank earns non-negative pre
with such a contract. On the other hand, suppose the agent does engage in fu
banking. If (, d) is arisk-free contract, the bank’s profits are unaffected and so st
nonnegative. Ifl d) is a risky loan, the bank’s profits may be affected by furthe
banking, but since the first bank has the option to reset the terms, its profits \
again be nonnegative. Hended) would be accepted by the bank, andlsgS)

is available in equilibrium. m

The setL(S) is not a complete characterization bf(S), however. This is
because there may be loan contracts the agent could request which would nc
profitable if the agent did no further borrowing or lending, but which would b
profitable given the agent’s optimal level of additional banking after receiving t
first contract. Since the first bank can rationally forecast the agent’s future bank
decisions, such an initial loan contract would be accepted.

13 As a practical matter, such covenants are not commonplace with standard consumer loans, th
they may be more common for small business loans. In any case, we will drop the “exclusivi
assumption in the next section, and so this case can be viewed as an alternative benchmark.
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The entire set of loank*(S) is therefore difficult to characterize. Fortunately,
it is not necessary for our analysis, as shown below:

PROPOSITIONS.  The solutions to B, L*) and BS, L?) coincide.

Proof. Let(l, d, €) solveB(S, L¥). Then by (7),(, d) € LY(S), and sol(, d, €)
solvesB(S, LY. m

Thus, the PA problem with exclusive banking, which we denote by (PAB
equivalent to (PAB) with the banking subgamés, L1).

Recall from Proposition 3 that with riskless borrowing and saving, no banki
activity need be observed in equilibrium. The following result demonstrates tl
the opposite is true with exclusive borrowing: banking is necessary in equilibrit
if the bankruptcy protection level lies within the range of consumption.

PROPOSITIONG. Supposes< A and $ > A both occur with positive probabil-
ity. Then d 0 at any solution to ES, L¥).

Proof. If d =0 solvesB(S, L*), then the agent must have no incentive to sav
or borrow givenS. Note that ford <0, (d/(1+r), d) € L1(S); i.e., the agent can
save at the risk-free rate. He or she will choose not to save only if the first-ori
condition

L BEl) | g ®)

u,1(01)1+r =

is satisfied, where, =s, andc; =w + 5.
Next defind *(d) = ﬁ E[min[d, max(s, — A, 0)] | e(cx(d, §))]. Then atd =0
the marginal loan terms available to the agent are given by

9/9d 1'(d)ld=0+ = Pr(s > 4 | €)/(1+T), 9)

since the bank is only repaid when the agent has more thaiis implies the
first-order condition for the agent to choose not to borrow

1
ua(cl)m Pric. > 1 | €) < BE[u5(c2)1[c, > A] | €],

where 1[ ] is the indicator function.
Sinces, = ¢, > A with positive probability, this can be rearranged to yield

< BE[uy(C2) | c2 > 2, €]. (10)

uy(c1) 17 =

Therefore, combining the first-order necessary conditions (8) and (10)=+d
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to be optimal implies that
E[uy(C2) | C2 > A, €] > E[uy(cy) | €].

But sinceu is strictly concave, this can only hold $ = ¢, > A with probability
one. m

The intuition for this result is that bankruptcy produces a “kinktiat 0. Sup-
pose the agent is indifferent toward or does not wish to engage in riskless sav
This implies the agent must be indifferent toward or prefer riskless borrowin
But if the agent does borrow, default will occur when< 1. Thus borrowing is
risky and allows the agent to lower consumption in the highest states only. Sii
the agent weakly prefers riskless borrowing, risk aversion implies the agent v
strictly prefer risky borrowing. Hence the agent must either borrow or save at
lution to the banking subgame. Thus, unlike the case of Section 4, banking acti\
will be observed in equilibrium.

5.1. Efficiency of (PAB

From Proposition 2, we know that (PABis weakly inferior to the standard
problem (PA). Moreover, we observed in Proposition 3 that the availability
riskless borrowing and saving leads to a strict decrease in welfare. In this sec
we introduced the possibility of exclusive risky debt, which allows for an eve
richer set of contracts available to the agent; thdt¥S) > L°(S). Thus, it would
seem intuitive that the availability of exclusive borrowing would lead to eve
further incentive constraints in the PA problem, and an even further decline
welfare. However, this intuition fails to take into account the optimal response
the labor contract to the availability of risky debt. In fact, we demonstrate in tr
section that under some circumstances, (PARay lead to equivalent welfare
to (PA), albeit with a very different form of labor contract. We also show the
efficiency depends critically on the level of bankruptcy protection.

Recall that} is the equilibrium consumption at the solution to the standard P
problem. Our first result demonstrates that if the bankruptcy protection level
either below or above the rangedf (PAB*) is inferior to (PA):

PROPOSITION7. Supposeé. < c; or A > ¢; with probability one. ThefPAB*)
is strictly inferior to (PA).

Proof. By Proposition 2, (PAB) is weakly inferior to (PA). Since (PA) has a
unique solution, (PAB) is strictly inferior to (PA) unless; can be implemented
under (PAB). Suppose. < c; with probability one. Ifc; is part of a solution to
(PABX), the agent must default with probability zero at this solution. But sinc
the agent has access to risk free saving, this cannot be a solution to the ban
subgame by Proposition 1, and so cannot solve (FABext suppose > c; with
probability one. Then the agent has an aggregate loan of at md@ssince any debt
is almost surely not repaid at all. Hence, the agent would be again be able to ¢
at the risk free rate, so this also cannot be a solution in the banking subgame.
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The previous result leaves open the possibility that for intermediate levels
bankruptcy protection—that is, i€ > A and c; <A both occur with positive
probability—(PAB‘) might not be inefficient relative to (PA). The intuition for
this is the following: the inefficiency with banking stems from the agent’s abilit
to save and self-insure. In an equilibrium with risky debt, however, the agent c
not engage in riskless saving. A marginal dollar saved (or used to reduce the o
will increase the agent’s consumption in the highest states, but not in the state:
which ¢, < A and the agent is in default.Thus, if the labor contract is structured
to induce the agent to borrow, it may block the agent'’s ability to self-insure. \
now explore this possibility.

We begin by examining the necessary form of an efficient labor contract. T
labor contractS*, together with a loan contract*( d*), must implement the (PA)
allocationc*. If Pr(c; = A | €) =0 (which holds generically), these labor and loar
contracts must have the following forin:

. c if c; <A
e +dt ifg s
§ = EX-sel, (1)
1+r
=t Bl - e = — E[d*1c > A] | €],
1+r 1+r

Thus, (PAB) is second-best efficient if and only if there existsl’a> 0 such
that (*, d*) is an optimal loan in the banking subgarB¢S*, L*). To provide
some intuition regarding the appropriate choicdgfconsider the following. The
reason for the inefficiency of (PAB) relative to (PA) is that when the agent saves
borrows with the bank, the bank does not adjust its terms to reflect the externz
imposed on the firm. This externality stems from the incentive effect of saving
borrowing. If for some choice ad* this externality disappeared, efficiency coulc
be restored.

How can we measure this externality? Note first that the impact of a chang
the agent’s effort on the total expected cash flows available to both the firm «
the bank is given by

d
—E[X =c} | €. 12
ToElX s €] (12)

Next note that given the contract above, the bank receiVésand only if ¢ > .

14This intuition is related to the “debt overhang” problem in corporate finance (Myers (1977
Though saving is valuable to the agent, enough of the gains go to the debt holders to eliminat
appeal.

15 0f course, the labor contract could be modified on a set of events of measure zero. We ignore
indeterminacy, though strictly speaking the statements hold “almost everywhere.”
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Thus, the impact of a change in the agent’s effort on the total expected cash fl
available to the bank alone is given by

—E[d*1[02 >3] €] = d* _PIC > 2| @), (13)

where 1[ ] is the indicator function.

Hence, the externality the bank can impose on the firm through the incent
effectis given by the difference between (12) and (13). This suggeststsiaduld
be chosen to equalize the externality terms (12) and (13); that is, the level of d
supporting the second-best should be given by

0 0
d“= —E[X—-c5| €]/ —Prc, > x| €e). 14
SoEIX—c5 | 1/ae ©>nle) (14)

The following theorem substantiates this claim:

PrROPOSITIONS. Let (S, 1*,d*) be given by(11) and (14). Then if d > 0,
the loan contracil*, d*) satisfies the first-order conditions of &, L*). If the
first-order conditions are sufficient, théRAB®) is equivalent tdPA).

Proof. We compare the loan terms offered by the bank to the terms of a “h
pothetical” loan by the firm under (PA). Since the firm would offer a loan at tern
maintaining zero profits, and sincéis the optimal such consumption profile, the
agent would be unwilling to borrow (or save) at the terms offered by the firr
Thus, the theorem is proved by showing that the bank would offer identical terr

Recall thatB(S, LX) is equivalent toB(S, L). The set of loans available in
L%(S) can be represented by the loan schedule

I(d S = iE[s2 -89,

wheret, = c,(d, S*) andé= e(c,(d, S*)). The loan schedule offered by the firm,
however, is defined by the condition of zero expected profits for the aggreg
payments made to the agent (i.e., wages plus loan):

1
If(d S) = —E[X—C2|E]
Also, from the definition ofS*,

- L EX -5 e
Sl_1+r ’
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Combining these three conditions yields

~ ~ l ~ * sk
I1(d; $)-1(d: ) = T (EIX -5 | § - EX - | €]). (1)
Hence, the difference between the loan schedule offered by the firm and that off
by the bank is given by the change in the profits of the labor contract result
from the effort change induced by the debt. Differentiating this expression, we
compare the marginal interest rate offered by the firm and the badik at

1 0

1$(d*; S*) = I'(d"; S") = m%

* * i *
E[X — 53 | €] e(c(d". S).
Further, sinces; = ¢ + d*1[c; > A],
0 * k _i _o* *1 _ A* * *\)
SSEIX s €= (E[X—c; | €] —d"Pric; > 2. €)) =0, (16)

from the definition ofd*. Therefore)t =1’ and the first-order conditions of the
banking subgame are satisfied. If the first-order characterizati@{$f, L*) is
sufficient, the labor contra&* will indeed implement the second-best allocation
and so is optimal for (PAB and equivalent to (PA). m

To complete the analysis of the general case then, it remains to demons
conditions implyingd* is positive and is globally optimal iB(S*, L*). First, we
demonstrate that standard assumptions guarakited.

DEFINITION.  The distribution functiorF satisfies MLRC if fo(x, €)/f (x, €)
is increasing irx for all e. It satisfies CDFC ifFe¢(X, €) > 0 for everyx ande.

These are precisely the assumptions used by Grossman and Hart (1983)
Rogerson (1985b) to guarantee the validity of the first-order approach for analyz
(PA). These assumptions provide a sufficient conditiorfos 0, though they are
not necessary, as the example of the next section demonstrates.

PROPOSITIONS. Suppose the distribution F satisfies MLRC and CDFC. The
the level of debt tidefined in(14) is positive.

Proof. By our assumption of, the first-order approach to the principal-ager
problemisjustified. Using this approa%?aE[X—c; | €] > 0;thatis, the principal
would always like the agent to work harder at the solution to (PA). Furthermo
the MLRC implies that;(X) is nondecreasing iXX (see Holmstrom (1979)), so
thatc; > A if and only if X > k for somek. Thus, since P > A | €*) € (0, 1),
and since MLRC implies first-order stochastic dominance,

a k *_i _ —
a—ePr(cz>k|e)_86[1 F(k,e)] = —Fe(k, € > 0.

Therefore, the level of delat* specified in (14) is indeed positivem
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Finally, we would like to establish similar conditions guaranteeing the su
ficiency of the first-order characterization f&(S*, L*). Unfortunately, in the
general case, the loan schedule is typically not concave, so that verifying the st
ciency of the first-order conditions is not tractable. For completeness, we prese
condition which will guarantee th&* solves (PAB). The condition implies that
firm profits do not decrease after the agent contracts with the bank, so that the k
cannot exploit this externality. We remark that this condition is much stronger th
required and certainly not necessary, as the example of the following section \
show.

ProOPOSITION10. Suppose that for the labor contract 8escribed above,
e* € arg mnE[X — s} | &].
e

Then the loan contradt*, d*) solves BS*, L*), and(PABX) is equivalent tqPA).

Proof. From Eg. (15), the above condition implies
l¢(d; ) —1(d; S*) = 0.

Therefore, the loan terms offered by the bank are always worse than those
would be offered by the firm, so that the given loan must be optimml.

Again, the conditions of Proposition 9 and Proposition 10 are restrictive a
much stronger than necessary. We demonstrate their usefulness, however, by s
ing that they apply in the case in which the project has only two outcomes.

ProPosITION11. Suppose the project has only two possible outcorges x
Xp, and let effort be normalized so thatePr(X = Xg). Then(PAB") is equivalent
to (PA) if c3(Xg) > A > C5(Xp).

Proof. The conditions of Proposition 9 are trivially satisfied, so that
d* = (9/9eE[X —c; | €])/(3/9ePr(c; > A | €)) = Ax — Acj > 0,

whereAx = Xg — X, and Ac, = ¢5(Xg) — C5(Xp). But given this choice of*, from
(11) we haveas; = Ax. ButthenE[ X —s} | €]isindependent o, and Proposition
10 holds. =

Again, we stress that these conditions are much stronger than necessar
general, we expect thdt > 0 and optimal forB(S*, L*) even if these conditions
are not satisfied. The following section provides such an example.



260 BIZER AND DEMARZO
5.2. An Example

Consider the economy described as follows:

X € [0, 00), with distribution F(x, €) = 1 — exp[—x/€l,
ui(c) = ux(c) =24, V(e)=pse’, f=1/(1+r)=095
w=0475 §=1

First, we solve the standard problem (PA) for this economy. From the incent
compatibility constraint and the first-order condition for (PA) we have

k sk ok > 2
c(x) = [V/cf + de*(x — €")]".
Also, the zero profit condition for the firm implies that

. 1
T 24t

ci

[w(l+r) + e —52(e")4.
Finally, we determinee* to maximize the agent’s utility. Under this paramete
specificationg* = 0.4591. This implies that; =0.4456 andc}(x) = (0.4568+
0.4591x)2.

Sincec;(X) > 0.4568 = 0.2086, we must choose a bankruptcy protection leve
A > 0.2086 to implement the second-best. het 0.25. Thencs > A if and only if
X > 0.0942= x,. Further calculation (using the FOC fet) yields

ad

—E X— * * 2282 *3

LEIX -5 | ] = 25%,

ad

2Pl > 1] €) = (x,/e7) expl-x, /€'

we can then calculat®* = 0.5318. Further calculation yield$ = 0.4108, ands*
is given by (11).

Figure 1 depicts effort as a function of debt together with the loan sched
offered by the bank irB(S*, L1). In addition, Fig. 1 shows the agent’s indiffer-
ence curve through<, d*), demonstrating that* is indeed optimal irB(S*, L1).
Hence, (PAB) is second-best efficient for this example, even though the econc
does not satisfy the assumptions of Proposition 9 or Proposition 10.

Finally, we examine the comparative statics associated with different lev
of bankruptcy protection for this economy. Figure 2 demonstrates the impac
varying the bankruptcy protection levilin the range o5 on the equilibrium
level of debt and the probability of bankruptcy.
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6. THE PAB MODEL WITH NONEXCLUSIVE BANKING

An important criticism of the PAB model with exclusive debt is that it assum
that banks have the ability to monitor the agent’s future banking activity. In tt
section, we relax this assumption and assume instead that banks can only ob:
the agent’s prior credit history. Thus, loan contracts can only be made conting
on prior, but not future, loan contracts signed by the agent. This is typically t
case for most consumer loans, which are made based on the individual’s ci
history but do not restrict future borrowing. In this environment the bank must
its loan terms based on rational expectations regarding the incentive effects of
future banking activity. Bizer and DeMarzo (1992) study such an environment
the absence of a labor contracting problem and demonstrate that non exclusiy
“sequential” banking introduces an inefficiency in equilibrium loan contracts |
effectively introducing yet another incentive constraint related to the agent’s abi
to do further saving or borrowing with a new bank. Here we study the impact
nonexclusive loan contracts on equilibrium labor contracts.

Formally modeling this environment requires the construction of an infini
horizon game to represent the banking subg&ide game (adapted from Bizer
and DeMarzo (1992)) can be described as follows. There is an infinite num
of bankst =1, ..., oco. Period one of the previous model is now divided into a
infinite number of subperiods, such that in subpetidde agent makes a take it or
leave it offer (;, di) to bankt. The bank observes the agent’s labor cont&eind
all prior loan commitments, and can either accept or reject the offer. After the b:
announces its decision, the agent can either cease banking activities, or proce
bankt + 1 and request another loan contract. This continues until the agent dec
to stop with the current aggregate loan contract. The agent then consumes
first-period income and works on the project. When the second-period outcormn
realized, all contracts are settled and the agent consumes the second-period inc
Given a sequence of accepted loan contrattsdy), ..., (I1, dr)) obtained by
the agent, the agent’'s consumption profile is as before

ci=w+ S +1, ¢ =max[s; —d, min(s,, 1)],

where (, d) = ", (I;, &), the aggregate loan contract obtained by the agent. \
also need to describe the payments to the banks. Suppose a bank agrees
loan (¢, d;). At maturity, the debt; will be paid from the agent’s “excess wages”
(wages above the protected level), plus any other assets/savings held by the &
and less the amount owed to prior creditors. That is, we assume that there is a:
prioritization of loans in the order they are sigriédhus, the payment to bark

16 An infinite horizon is necessary since there is no “last period” in which the agent is guarantt
not to do further borrowing or saving. If such a last period existed, we would effectively be back in
exclusivity environment of Section 5.

17 Note that unlike the exclusivity provision of the previous section, prioritization can be enforc
in bankruptcy and does not require monitoring of further banking activity.
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in the second period is given by

T t—1 +
min(dt, |:(Sg -0+ Z(_di)+ - de} ) ;
-1 i=1

where the notatiom™ = max(x, 0).

Solving for a subgame-perfect equilibrium of this game is difficult in geners
though the reader is referred to Bizer and DeMarzo (1992) and DeMarzo ¢
Bizer (1994) for an explicit game-theoretic treatment. Rather than solve the ga
explicitly inthis paper, we instead derive some sufficient conditions for establishi
an equilibrium. We then show that, because of the endogeneity of the labor contr
these conditions are adequate to make conclusions regarding efficiency in
model.

We begin by defining

L*(9) = { Z(Ij , dj) available in equilibrium given wages
and nonexclusive bankir}g

Given awage contra@, the banking subgame with nonexclusive debt is describe
by the problemB(S, L*). We write (PAB‘) to denote the PAB problem in this
setting.

Recall that in our solution to the exclusive banking problem, (PARe were
able to reduce the probleB(S, LX) to the simpler problenB(S, L) in which the
agent has access to the loans that would be offered if there were only a single b
We next show that it is possible to use a similar reduction to derive a sufficie
condition for a solution td(S, L*).

First we define the set of loans that a new bank would offer an agent with lat
contractSand a preexisting aggregate lo&dd), if the agent could not borrow or
save further:

LY(S 1, d) = {(I’, d):l' < %E[min[d/, (=2 —d)*] | e(co(d+d’, 9))] }

Essentially,L(S, 1, d) is what is available to the agent if after signing a set o
nonexclusive contracts, the agent can then sign an exclusive contract. Of col
we are not actually allowing exclusive contracts in this setting. But since tl
terms under an exclusive contract are more favorable to the agent then und
nonexclusive contract (there is no threat of an externality), if the agent wol
not enter into a new exclusive contract then the agent would also not enter i
a new nonexclusive contract. As shown below, this yields a convenient way
identifying if, given a preexisting aggregate loand), the agent would choose to

stop banking.
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PROPOSITION12. Supposél, d, €) solves BS, L) and that the problem

B(SI.d,LY): maxge U(c o, €),
subjectto (,d’) e LY(S,1,d),
Ci=w+S +I1 4+,
C; = max[s; — d — d’, min(s, A)].

is solved with(l’, d’) = 0. Then(l, d, e) solves BS, L*).

Proof. First suppose the agent already holds the aggregatellod) &nd let
(I, d’) be the additional aggregate loan the agent would obtain in equilibriu
Since in equilibrium the banks that provide these new loans all earn nonnega
profits, it must be the case thét @) € L(S, |, d). But then by hypothesis we can
take (', d’) =0. Thus, givenl(, d), the agent does no further borrowing or savin
in equilibrium.

Next suppose the agent initially requests the ldad)(from the first bank. If the
bank accepts this loan, the agent does no further borrowing or saving. Sidge
L1(S), the bank therefore earns nonnegative profits. Hehad {s accepted by
the first bank, and sd,(d) € L*(S).

Finally, since in any equilibrium with nonexclusive debt all banks earn nonne
ative profits, the loan contract that solVBéS, L*) must be inL%(S). Therefore,
the solution toB(S, L*) is weakly inferior to the solution t@(S, L'). Since by
hypothesis|( d) is optimal inB(S, L), and sincel( d) € L*(S), it must also be
optimal inB(S, L*). =

Thus, if given a particular loan contract the agent does not want to engag
further banking under a new exclusive contract, then the agent will also not wisl
engage in further banking under a new nonexclusive contract. This methodolog
trick is extremely useful since! is much more tractable thart (in fact, a general
characterization of* is unlikely to exist!).

In the previous section we demonstrated that under certain conditions’YPA
may in fact be equivalent to (PA). We next investigate whether this might also
true of (PAB). Based on the previous result, if at the solution to (PARe agent
does not want to contract with a new exclusive bank, then this is also a solutiol
(PAB*):

PROPOSITION13. Suppos€¢PAB) is equivalent t¢PA), and let(S*, I*, d*, *)
solve(PABY). IfB(SF, I*, d*, L) is solved with{l’, d) = 0,then(S*, I*, d*, e*) also
solveg(PAB¥) and thus(PAB") is equivalent tqPA).

Proof. By Proposition 12,1( d, €) solvesB(S, L*). The result then follows
from Proposition 2. =

Recall from the results of Section 5 that subject to technical conditions,{(PAE
is equivalent to (PA) if the bankruptcy protection levelis within the range
of the optimal consumption profile;. We now consider under what conditions
B(S', I*,d*, L) is solved with [/, d) = 0.
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First consider additional saving. If the agent does save with a new bank at inte
rater, what effect will this have on consumption? Recall that givénd*, S*),
the agent is going bankrupt in those states witk A. In these states, then, this
additional saving will be seized by the first bank. Therefore, additional savil
only increases consumption in those states witk- 1. This leads to the first-
order condition for the agent not to save further

uy(cy) = B(1+)E[ux(cp)1lc; > All. 17)

where 1[ ] is the indicator function.

Next consider additional borrowing. If the agent borrows a marginal dollar fro
a new bank, the bank will only receive payment in those states in which the age
wage exceeds the bankruptcy protection level by more than theddehte the
first bank. That is, the second bank is repaid only in those states for whicla.
Thus the new bank will charge a marginal interest rate oh new debt, wherg
solveds

1+p=0Q+r)/Pric; > A).

Because the new loan only reduces the agent's consumption in the same s
C; > A, the first-order condition for the agent not to borrow further is given by

uy(cy) < B+ p)E[un(c5)1lc; > All = B(1+1)E[uy(c) | ¢ > A]. (18)

Note that (17) and (18) can be viewed as restrictions on the parametdre
question is whether these restrictions can be jointly satisfied. This is resol
below:

ProPOSITION 14.  Suppose the second-best consumption profilés ccon-
tinuously distributed with suppofic, c]. Then there exists a nonempty range
[A, 2] C (¢, ©) such that forx in this range the first-order conditiong17) and
(18) hold.

Proof. Fori=c, (17) obviously holds. Ii. = ¢, however, Eqg. (2) shows that
(17) fails (if the agent defaults with probability zero, there is an incentive to save
Since the RHS of (17) is decreasinginthis implies there is & > ¢ such that
(17) holds if and only ifx > A.

Next note that fon. = ¢, by Eq. (2) we find that (18) holds. The RHS of (18) is
decreasing i, however, and Eq. (1) shows that (18) fails for> c. Therefore,
there is a. < ¢ such that (18) holds if and only if < x.

Finally, we need to show that < A. For this, note that at, (18) holds with
equality. But then (17) holds strictly since the RHS of (17) equals the RHS of (1
times Pr¢; >1). m

18 This is the same calculation as in Eq. (9).
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Therefore, there is a range ofor which the first-order conditions of B, |*,
d*, L1) are satisfied at 0. Thus, assuming these first-order conditions are si
cient, Proposition 13 implies that (PABis second-best efficient. Thus, the effec
of nonexclusive banking relative to exclusive banking is to reduce the range
efficienta from [, €] to [A, A].

We conclude this section by demonstrating this result for the numerical exan
of Section 5. Evaluating conditions (17) and (18), we find the relevant range fc
in this example is

A €[0.2192 0.2513]

Suppose. = 0.23. In this case the equilibrium detit = 0.9145. We plotin Fig. 3a
the agent’s indifference curve through,(d*) as well as the loan schedule$(S")
and (*, d*) + LY(S*, I*, d*). For a closer look, in Fig. 3b we plot the difference
between the indifference curve and each loan schedule in a neighborhdbd o
Note that both the local and global conditions are satisfied.

The figure also illustrates another feature of the nonexclusive banking case. N
for example, that the curvé*( d*) + L(S*, I*, d*) is belowL(S) for d < d*.
This is so sincad < d* implies the agent is saving at the new bank. Howeve
some of this saving will be claimed by the old bank when the agent defaults. Th
the agent is better off borrowing less initially (and getting a less risky and her
lower interest rate loan) than borrowing a lot (at a higher interest rate) and t
saving at a new bank at the risk-free rate. This gives further intuition as to w
saving is no longer attractive to the agent in equilibrium, overturning the Roger:
result.

0.8
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-0.01

0.4 | /
-0.015 ;

0.2

01 gl a -0.025
0.2 . . -0.03 . . . . .
0 0.5 1 15 08 085 09 0095 1 1.05 1.1

(@) (b)

FIG. 3. (a) Indifference curve and loan schedules in equilibrium; (b) Indifference curve mini
loan schedules near equilibrium debt.



OPTIMAL INCENTIVE CONTRACTS 267

7. CONCLUSIONS

Because modern economies generally permit financial contracting, and in
event the simplest financial arrangements (such as saving) would be difficul
prohibit, we extend the Principal-Agent Model to include financial contractin
Introducing financial markets into the standard principal-agent contracting pre
lem significantly modifies previous conclusions regarding the structure of optin
labor contracts, efficiency, and the demand for banking services. In this section
review our results and explore their implications.

Our central result addresses the role of bankruptcy protection and stanc
debt contracts in improving efficiency. In particular, if bankruptcy protection i
not available, or if it is too lenient, access to financial markets strictly increas
agency costs. Within a broad intermediate range, however, bankruptcy protec
restores efficiency in the presence of competitive financial markets. We summa
this result below:

Result 1. If bankruptcy protectiori is too low or too high, then (PAB) is
necessarily inefficient relative to (PA). if is in an intermediate range.[A],
however, then (PAB) is generally (subject to technical conditions) equivalent t
(PA) in terms of efficiency.

The intuition for the resultis that the seizure of assets which occurs in bankrup
is a potential substitute for the restrictions on savings required in the stand
principal-agent setting. For it to be effective, however, it must be the case t
agents are willing to risk bankruptcy in equilibrium. This would not be true i
bankruptcy is too severe; hence the need for bankruptcy protection.

We remark that although our analysis has emphasized the cases in which
ciency isrestored via bankruptcy protection, this has been for reasons of tractabi
More generally, our results suggest that the level of bankruptcy protection has
portant efficiency consequences in this setting even in cases in which second-
efficiency is not obtained.

When (PAB) is second-best efficient, our analysis has strong implications f
optimal contract design. First, we note the effect on the saving decision of 1
agent:

Result 2. Under the labor contract derived in (PA), if the agent were give
access to a bank, the agent would choose to save. When labor contracts take
account the possibility of banking as in (PABthe contract induces the agent to
borrow in equilibrium.

Two additional results follow indirectly from our analysis. First, we note the
the optimal labor contract is altered by the presence of external credit markets

Result 3. In the optimal (PAB) labor contract, wage payments are delaye
relative to the standard (PA) contract. In addition, the (PAfBage is more sensitive
to the agent’s performance than that under (PA).
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This result has a further implication. Thus far we have assumed that firms :
banks have the same discount rate. Suppose in fact that financial intermedi
are more efficient at extending credit than firms. Because under{jRABwage
payments are delayed relative to (PA), the (PA®utcome would be more efficient
in this case. This may justify the observed trend in modern economies away f
restrictive “company store” arrangements towards unrestricted access to ban
with potential bankruptcy.

Finally, we note the following comparative statics result regarding changes
the level of bankruptcy protection:

Result 4. Increasing bankruptcy protectianin the range supporting second-
best efficiency may either increase or decrease the equilibrium level of consu
debt. The frequency of bankruptcy and observed interest rates, however, are
increasing in the level of bankruptcy protection.

This follows from the fact that the agent defaults whenesfex A. Recall,
however, that though default rates, indebtedness, and interest rates are affect
the level of bankruptcy protection, there is no real effect on the economy in ter
of final production, consumption and utility. This is because incentive contra
adjust in response to the change in bankruptcy protection.

Finally, we remark that we have concentrated our attention in this paper to
case in which the agent has access to saving and standard debt contracts. We
not considered the introduction of more general state-contingent contracts in
capital markets. As an empirical matter, this corresponds with the range of contr
typically observed; we do not generally find private markets for unemployme
insurance, for instance. Presumably, part of the explanation for this observatior
the large verification costs necessary with more complex state-contingent contr:
One possible extension of the analysis of this paper would be to consider an opt
contract design in this setting.

There are settings where consideration of more general contracts is impor
For instance, if the agent is the manager running a publicly traded firm, the age
incentives could be affected by buying or selling shares in the firm. An analysis
some of the issues that arise in that setting can be found in Adinaki(1994),
DeMarzo and Bizer (1994), and Garvey (1997).

Unfortunately, consideration of arbitrary contingent contracts in the presel
of bankruptcy protection would be tremendously challenging in this framewo
In fact, even the extension of the banking subgame of this paper to the cas
sequential contingent contracting with default is a difficult theoretical proble
which has not been solved in general in the literature. (See, however, Kahn
Mookherjee (1998) for analysis of a special case.) In any case, given the prevals
of standard debt contracts in practice, the analysis of this paper seems a ser
place to begin. And while our precise results would not necessarily survive
the presence of alternative contracts, we believe our general conclusion—that
side contracting and bankruptcy protection laws have important consequence
the optimal PA contract—to be quite robust.
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In conclusion, our analysis demonstrates that the introduction of external cre
markets need not disrupt efficiency in agency environments. This is likely to be
case if credit markets are sufficiently sophisticated to allow for risky borrowir
with an adequate level of bankruptcy protection. Though efficiency need not
reduced, observed incentive contracts will differ in this environment. Initial wag
are reduced, and future wages have larger performance bonuses. Also, ac
borrow against these future wages in equilibrium and risk default with positi
probability.
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