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HELMUT BESTER

The Role of Collateral in a Model
of Debt Renegotiation

HOW DOES THE PROSPECT OF FUTURE DEBT renegotiation af-
fect the lender’s security interests at the contracting date? We study this question in a
simple model of borrowing and lending with asymmetric information. A risk-
neutral entrepreneur needs to raise capital for a risky investment project. The project
outcome, however, cannot directly be observed by the creditors. The optimal loan
arrangement is a debt contract with a bankruptcy clause that acts as a payment in-
centive for the entrepreneur. The institution of bankruptcy allows the creditor to
take possession of some of the entrepreneur’s assets in the event of default. We show
that the extent of the entrepreneur’s liabilities in the optimal loan contract depends
upon the creditor’s commitment to impose bankruptcy should default ever occur. If
the creditor is precommited not to forgive any portion of the outstanding debt, a
limited liability arrangement is optimal. This means that default should entitle the
creditor to liquidate only the assets remaining form the project that has been fi-
nanced by the loan. In the absence of precommitment, however, such limitation of
liability may no longer be optimal. Instead, debt may efficiently be secured by addi-
tional outside assets.

Although outside collateral increases the total amount of assets liquidated in the
event of bankruptcy, it may lower the expected dead-weight loss associated with
inefficient asset liquidation. We show that collateral requirements make it more like-
ly that the initial debt contract is renegotiated and some part of the debt forgiven in
case the entrepreneur declares himself unable to pay his debt in full. Thus, favoring
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debt renegotiation, collateral may help avoiding an inefficient change in project
ownership. Indeed, a recent study by Asquish, Gertner, and Scharfstein (1992)
shows that companies under financial distress frequently restructure their debt
through direct negotiations. They find that that of seventy-six companies in their
sample, fifty-nine restructured their bank debt in some way. Moreover, the bank’s
restructuring incentives are found to be positively related to the degree of
collateralization.

Renegotiation will occur when the borrower-lender relationship reaches a point
where the initial contract stipulates an ex post inefficient outcome. Usually the cred-
itor is less efficient as manager of the project’s assets than is the borrower so that
bankruptcy may prove ex post inefficient. The contracting parties may achieve a
Pareto-improvement by writing a new contract under which the entrepreneur main-
tains project ownership at a reduced debt level. The possibility of renegotiation im-
plies that default will not always be penalized by bankruptcy and both parties to the
loan realize this. Knowing that there is a chance of debt forgiveness, the borrower
may falsely claim that the debt exceeds the investment’s return and that he is forced
to default. This motive for cheating is weakened when collateral has been posted.
The higher the degree of collateralization, the more inclined is the creditor to be-
lieve that the project return actually is low when he observes default. Consequently
he finds the option of taking over the project less profitable in comparison to forgiv-
ing a portion of the debt. In this way, outside collateral may reduce the expected cost
of bankruptcy. Its benefit is positively related to the size of the dead-weight loss
resulting from project liquidation. Especially high-risk firms will find it advan-
tageous to offer collateral to their potential creditors.

A convincing explanation of the existence of secured debt must demonstrate that
its use may provide gains that exceed its costs.! If collateral merely redistributed
wealth between the borrower and lender in the event of default, other contractual
devices that avoid costly liquidation of collateralized assets would prove advan-
tageous. To compensate the lender for the risk of default, firms would be better off
by paying interest rates that reflect their risk category instead of selling secured
debt. The recent literature on credit contracts with asymmetric information shows
that this argument fails if the lender knows less than the borrower about the invest-
ment’s riskiness. In credit markets with moral hazard or adverse selection outside
collateral may serve as an incentive or screening device (See Besanko and Thakor
1987; Bester 1985, 1987; and Chan and Kanatas 1985). Outside collateral increases
. the punishment for default. If the borrower can choose among a variety of projects
with different riskiness, collateral enforces the selection of less-risky projects. Sim-
ilarly, as a response to adverse selection, lenders may offer a menu of contracts to
sort loan loan applicants into risk categories. Entrepreneurs with low probability of
default then reveal themselves by accepting collateral requirements that would be
unattractive for high risks. In summary, this literature predicts a negative relation
between default risk and the amount of collateral. This prediction is opposite to the

1. Schwartz (1981) gives a critical review of explanations of the exi of d debt.
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conventional wisdom that high-risk firms have to issue security in order to attract
creditors.2

To focus on the impact of renegotiation on the terms of the initial debt contract,
we consider a model where all parties have ex ante symmetric information. The in-
vestment’s return distribution and the entrepreneur’s ability to pay his debt are not
affected by the terms of the loan agreement. In contrast to the incentive or screening
explanation, we find that collateral is more likely to be used for financing high-risk
investments. Indeed, we conclude that renegotiation may seriously undermine the
role of collateral as a screening device. The reason is that low-risk entrepreneurs can
no longer distinguish themselves by posting collateral if collateralization becomes
attractive also for high-risk entrepreneurs.

. Our basic model is inspired by Gale and Hellwig (1985) and Diamond (1984),
who derive debt contracts as optimal arrangements under asymmetric information
about project outcomes. Their analysis, however, presumes precommitment so that
contracts may include ex-post inefficiencies that are common knowledge. Huber-
man and Kahn (1988) study debt renegotiation in a model where borrower and
lender have symmetric information but return realizations are not verifiable. In this
context, there is no ex-post inefficient bankruptcy and the institution of limited lia-
bility suffices to encourage the entrepreneur to pay his debt. Bergman and Callen
(1991) model debt renegotiation as a bargaining game between debtholders and
shareholders. The shareholders may force concessions from the creditors by threat-
ening to run down the firm’s assets. The creditors anticipation of the bargaining out-
come creates an upper bound on the amount of debt in the financial structure of the
firm. Hart and Moore (1989) show that debt renegotiation may involve inefficient
asset liquidation despite symmetric information. In their multiperiod model this
may happen because the entrepreneur cannot commit credibly to pay a certain
amount of money in the future. Much of the literature on debt renegotiation deals
with the case of sovereign debt (see, for example, Bulow and Rogoff 1989; Gale and
Hellwig 1989; and Fernandez and Rothenthal 1988). The basic assumption of this
literature is that there is no third party enforcement of contracts. This restricts the
possibility of secured lending because in the event of default the creditor has at most
limited access to the borrower’s assets.

The remainder of this paper consists of four sections. Section 1 presents an exten-
sive game of contract design and renegotiation. Section 2 studies the case of pre-
commitment as a point of reference. Optimal contracts in the absence of
precommitment are analyzed in section 3. Section 4 concludes.

1. THE BASIC MODEL

Consider a risk-neutral entrepreneur who is endowed with a project. The project
requires some fixed initial investment / and yields the random return X. With proba-

2. This view is empirically supported by Leeth and Scott’s (1989) analysis of small business loans.
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bility 0 < p < 1 the project is successful and the return realization is X,; if the
project fails, the return is X, with X, > X, > 0.

The entrepreneur has no liquid funds to finance the investment. He raises the
amount / by issuing debt. As in Diamond (1984) or in Gale and Hellwig (1985), this
form of finance results from the assumption that borrower and lender have asymmet-
ric information. The entrepreneur observes the return realization at no cost. The
creditor receives this information only after taking over the project. However, such
a transfer of ownership is costly. The creditor’s net valuation of the project return X
is aX, with 0 < a < 1. The cost (1 — a)X arises because the original entrepreneur
has more ability to complete the project or because monitoring and liquidating the
project is costly for the creditor. Also we will assume that outsiders remain unin-
formed about the project outcome even when the creditor becomes owner of the
project. Since return realizations are not verifiable to outsiders, the borrower’s re-
payment obligation R cannot be conditioned on the project outcome. Notice that the
entrepreneur’s private information about the investment return is the only source of
informational asymmetries in the model; there is no uncertainty about the riskiness
of the project or the valuations of assets. Let

a[pX, + (1 —pXg>1. (1)

Thus the expected foreclosure value of the project exceeds the investment cost and
the creditor’s expected profit from making a loan can be made positive simply by
allowing him to foreclose on the project in the event of default.

While the entrepreneur has no liquid funds, he owns some amount W of collat-
eralizable wealth. This wealth cannot be used to finance investment directly, say,
because it consists of illiquid assets, or it represents the entrepreneur’s future in-
come outside the project. However, the creditor may use W, or any fraction thereof,
as collateral C for a loan. The lender’s and the borrower’s valuation of C are not the
same. Taking possession of and liquidating C typically involves transaction costs.
These costs will be represented by a factor 1 — B, with 0 < B < 1, so that the
creditor’s net valuation of C equals BC. Through collateralization the creditor can
receive additional assets outside the project which otherwise would not be legally
attachable. A main focus of our analysis is to investigate why it might be optimal to
assign such a right to the creditor in the event of default.3

Suppose the creditor breaks even only if the loan contract specifies a repayment
obligation R that exceeds X,. Since the entrepreneur has private information about
the project outcome, he must have some contractual incentives to pay R when the
return is X,. This incentive can be created by giving the creditor the right to seize
some of the debtor’s assets in the event of default. Some models of the credit market
assume that the borrower repays his loan only if the value of the collateral exceeds
his debt (see, for example, Barro 1976 and Benjamin 1978). Under his arrangement

3.In could fer some of the entrepreneur’s illiquid assets independently of
wheﬂsermfulﬁllshu rcpnymem obligation or not. It is easy 1o see, however, that such an arrangement

would be suboptimal if B
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the creditor is allowed to liquidate the collateral C but not the project assets. In the
event of project failure, the entrepreneur pays X, and loses C < W. As long as the
incentive restriction R =< C + X, (s is satisfied, the successful entrepreneur is better off
by paying R than by defaulting. Of course, this solution works only if W is suffi-
cieptly large. We are interested in the case where collateralization is insufficient to
provide appropriate payment incentives. The creditor’s right to foreclose on the pro-
ject assets becomes then essential to induce the borrower to pay his debt. This will
create a role for renegotiation because liquidating the project is ex post inefficient.
Accordingly, we will assume

I>W+X,. 6)

Thus the creditor cannot recover the amount / in case of project failure even when he
takes over all of the entrepreneur’s assets. Therefore, the debt contract must specify
a repayment obligation R =/ > W + X,. Collateralization cannot be used as a pay-
ment incentive as the successful entrepreneur would rather pay X, and give up his
wealth W than pay R.

In summary, a debt contract I' = (R, C) obliges the entrepreneur to pay the
amount R; failure to fulfill this obligation entitles the creditor to take over the project
and the collateral C < W. The contract I' employs the threat of bankruptcy to induce
the successful entrepreneur to pay R even though the creditor is unable to observe
the project return. This threat, however, may commit the parties to an inefficient
outcome. In the case of project failure it implies the dead-weight cost (1 — a)X, +
(1 = B)C. Therefore the creditor may wish to renegotiate the original contract I and
to forgive some part of the debt after the entrepreneur announces project failure. If
actually the project has failed, he would maximize his payoff by making the take-
it-or-leave-it offer A = (X, C) which reduces the firm’s debt to X; and makes the
creditor owner of the collateralized assets C. Accepting this proposal leaves the
entrepreneur no worse off because the original contract allows the creditor to take
possession of the project and the collateral C. While contract renegotiation of this
kind may avoid an inefficient allocation of project ownership, it has a negative im-
pact on the successful entrepreneur’s incentives to pay his debt. If he pretends pro-
Ject failure and the creditor concedes to renegotiate, he gains R — X, — C.

To analyze borrower and lender behavior in such a situation we will adopt the
following stylized game of contract design and renegotiation. Potential creditors
compete by offering contracts of the form I' = (R, C). For completeness, each credi-
tor also has the option of not making an offer, which ensures him a profit of zero. If
the firm finds none of the contracts acceptable, the game ends and all parties get
zero payoff. Otherwise the entrepreneur undertakes the investment by accepting the
offer of one of the creditors. All other would-be creditors receive a payoff of zero.
As a result of competition, the equilibrium contract maximizes the entrepreneur’s
expected payoff subject to the condition that the creditor earns zero expected profits.
Of course, these payoffs depend on the borrower’s and lender’s behavior after the
contract has been signed. Figure 1 describes their moves in the remaining game,
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X.-ﬁ.l-l

~C.aX,+pC-1

X,~X,-C.X,+pC -1

-C.aX,+ pCc -l

1-B~ -C.X,+ pC-1

FiG. 1. The Renegotiation Game

where we allow the players to adopt mixed strategies. The significance and inter-
pretation of such strategies will be discussed in combination with the equilibrium in
section 3.

« In stage one of the borrower-lender relationship X, is realized with probability p
and X, is realized with probability 1 — p. This is observed by the entrepreneur
while the creditor remains uninformed.

In stage two only the successful entrepreneur can pay R as X, < R = X,. Thus
after observing X, the entrepreneur is forced to default. In the event of success
he has two choices: He can make his debt payment or he can claim project fail-
ure and default. He chooses a possibly mixed strategy so that he defaults with
probability 0 =< d =< 1 and pays R with probability 1 — d. In the event of repay-
ment the game ends with payoffs X, — R and R — [ for the entrepreneur and the
creditor, respectively.

In stage three, upon default the creditor either imposes bankruptcy or offers the
new contract A = (X, C). Again we allow for random strategies and 0 < b =< 1
denotes the probability of bankruptcy. In the case of bankruptcy the creditor
takes over the project so that his payoff is either a X, + BC — JoraX,+ BC — 1/,
depending upon the entrepreneur’s type. The entrepreneur’s payoff equals —C.
By contract renegotiation the creditor ensures himself a payoff of X, + BC — I;
the entrepreneur’s payoff from A depends upon his type and is either X, — X,
—Cor =C.

We assume that bankruptcy entitles the lender to liquidate the entire project.
Therefore, by imposing bankruptcy on a lying entrepreneur the lender may get a
payoff that exceeds R — /. It is easy to sce that this assumption is consistent with an
optimal loan arrangement. If the creditor could appropriate only some part of the
project, then cheating would become more attractive for the successful entrepreneur
and expected bankruptcy costs would be increased. Our stylized model gives the
creditor two options in the event of default: He can either exercise his right to fore-
close on the debtor’s assets or forgive a portion of the debt. Of course, the renego-



78 : MONEY, CREDIT, AND BANKING

tiation procedure could be modeled by a more complicated bargaining game with
additional stages. For instance, one might allow the creditor to delay the bankruptcy
decision in stage three to give the entrepreneur the chance to pay his debt in stage
four. If he fails to do so, then in stage five the creditor faces the same decision prob-
lem as in stage three before. The outcome of this extended game will be identical to
our three-stage version. In general, we are confident that our results continue to hold
in a number of variations of the basic theme.

An interesting point is that even the renegotiated contract A involves costly lig-
uidation of the entrepreneur’s outside assets as long as the original contract I entails
collateral requirements. The reason is that after project failure the debtor has no
liquid funds in excess of X, to compensate the creditor for a reduction in C. A
Pareto-improving move that avoids the cost (1 — B)C is not feasible. The debtor’s
liquidity constraint may thus result in an inefficient liquidation of assets. This phe-
nomenon appears to be a typical characteristic of debt renegotiation and has been
observed in a different context by Aghion and Bolton (1992) and Hart and Moore
(1989).

2. OPTIMAL CONTRACTS WITHOUT RENEGOTIATION

First, we want to take a look at the contracting problem in the absence of debt
renegotiation. We thus study the subgame-perfect equilibrium of the game described
in the foregoing section under the exogenous restriction b = 1. This serves to illus-
trate the relation between renegotiation and collateralization. It should not suggest
that the creditors would prefer to commit themselves not to renegotiate if they had
the means for such a commitment. The question of whether ex ante commitment of
this kind is actually desirable will be addressed in section 3.

Note that our description of debt contracts precludes the use of random devices.
The creditor’s right in the event of default is deterministic; he cannot impose bank-
ruptcy with some contractually specified probability. As noted by Townsend (1979)
and Mookherjee and Png (1989), stochastic auditing may be preferable in situations
with costly monitoring of income realizations so that the assumption of determinis-
tic contracts may be restrictive. Loan contracts specifying a random allocation of
ownership rights, however, are hardly observed in reality. As a theoretical justifica-
tion we assume that random devices are not verifiable so that stochastic outcomes
are not contractible. It is important to bear in mind that as a result of this assumption
the initial contract is incomplete.

When the creditor always uses his right to foreclose on the debtor’s assets in the
event of default, the successful entrepreneur is better off by paying his debt as long
as R < X,. Commitment not to forgive any part of the debt constitutes a strong en-
forcement mechanism that induces the entrepreneur to reveal his type truthfully. As
in Gale and Hellwig (1985), the threat of bankruptcy serves to satisfy incentive-
compatibility conditions that make sure that the entrepreneur tells the truth for each
return realization. Enforcing truth-telling behavior, however, has its cost. With
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probability 1 — p, project ownership does not rest with the entrepreneur. The fol-
lowing result deals with the optimality of collateralization in this situation.

PROPOSITION 1: Assume that creditors are committed not to forgive any debt so
that b = 1. Then in equilibrium a loan contract T'* is signed which satisfies C* = 0.

PROOF: As a result of competition, I'* maximizes the entrepreneur’s expected
payoff subject to the lenders’ break-even constraint. Define R* by

PR* + (1 - plaX,=1. A3)

Then (1) implies R* < X, so that the successful entrepreneur with contract ['* =
(R*, 0) optimally chooses d* = 0 in stage two. Consequently the lender’s expected
payoff from proposing I'* is zero and the entrepreneur’s expected payoff is

pX,—R*)=pX,+ (1 —plaX,—1>0. @

Now consider any other contract I' which gives positive expected payoffs to the
firm. Then R < X, again implies d = 0 so that the lender breaks even if

PR + (1 = p)aX,+BO) =1. )
Given (5), the entrepreneur’s profit from I' equals

pX,—R)— (1 = p)C=pX, + (1= p)aX,— (1 = B)XC) —1
< pX, = R*): (©)

This proves that any contract I with C > 0 is suboptimal and that in equilibrium the
project is financed by I'*.Q.E.D.

Collateral cannot improve efficiency if bankruptcy occurs solely as a result of
project failure. In this case it only increases the dead-weight cost of the change in
firm ownership. For collateral to become effective, it must have an impact upon the
equilibrium probability of bankruptcy. As we shall see, this may happen when debt
renegotiation is possible.

3. RENEGOTIATION AND THE OPTIMALITY OF COLLATERAL

In the absence of precommitment the appropriate solution concept for the con-
tracting game is the perfect Bayesian equilibrium. This basically means that each
agent’s behavior has to be optimal given the other party’s behavior in every stage of
the game. Moreover, in the final game stage the creditor’s beliefs about the actual
project outcome have to be consistent with updating of prior probabilities according
to Bayes’ rule. When default occurs, the creditor remains uninformed about the pro-
ject outcome. From Bayes’ rule the posterior probability that X, has been realized is
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w(d) = pdi(pd + 1 — p), (@)

because the successful entrepreneur defaults with probability d. The probability d is
determined endogenously by optimizing behavior on the part of the successful entre-
preneur. In equilibrium the creditor forms rational expectations so that after observ-
ing default he concludes that the project return is X, with probability m(d) and X,
with probability 1 — w(d).

As a first step toward investigating the features of equilibrium contracts we con-
sider the subgame following the realization of X. Suppose a loan has been made. In
addition, let X, + W < R < X,. The motivation for the first inequality is that a
contract with R < X, + W would not allow the lender to break even because of (2).
Clearly the precommitment solution studied in the foregoing section is inconsistent
with sequential rationality. As the entrepreneur reacts to b = | by setting d = 0,
Bayesian updating requires the creditor to conclude that the project has failed when
he observes default. Given this information, however, imposing bankruptcy is sub-
optimal because the payoff from renegotiating I is higher by the amount (1 — at)X.4

" The equilibrium concept precludes the use of incredible threats to enforce repay-
ment. The equilibrium then prescribes the parties to adopt random strategies in
stages two and three. Indeed, we already have seen that b = 1 can no longer be part
of an equilibrium path. The following argument reveals that b = 0 cannot represent
equilibrium behavior either: Expecting that the creditor always concedes to A in the
final stage, the successful entrepreneur would optimally defaultas X, — R <X, — X,
— Cand sod = 1. But given the posterior probability w(d) = (1) = p, the creditor
prefers liquidation of the project to the reduced debt payment X, because a[pX, +
(1 = p)X] > X, by (1) and (2). This means the creditor optimally chooses b = 1,
which contradicts the entrepreneur’s expectation that b = 0. This leaves 0 < b < 1
as the remaining candidate for equilibrium. Accordingly, the creditor must be indif-
ferent about imposing bankruptcy or proposing A. This is the case if

alm(d)X, + (1 = Wd)X] =X, . ®

In equilibrium the borrower forms rational expectations about the lender’s behavior.
Therefore, the successful entrepreneur’s expected payoff from defaulting is
(1 = b)(X, — X)) — C. He loses the collateral C but with probability (1 — b) he
maintains ownership of the firm by paying the reduced debt X. It follows from (8)
that 0 < d < 1 and so also the borrower randomizes after observing X = X,. For him
to be indifferent between default and repayment, it must be the case that

X,-R=(1-bX,-X)-C. ©9)

4. Clearly this is no longer the case when the borrower pays the lower proceeds, X, as soon as he
declares failure. Ifm:glmeumod:ﬁedmxhuway ouehntomuoducemﬁxedcos(l(tocnsmlhu
project liquidation is costly. By y the creditor then gets a(X, — X,) — Kif X = X and
=K if X = X,. Equation (8) then becomes a‘n(d)(x X, = K and the equilibrium analysis followslhe
same arguments.
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Solving equations (8) and (9) for d and b, we obtain the following result:

PROPOSITION 2: Assume that the project has been financed by a loan T with X, +

W < R < X,. Then the equilibrium in the following subgame is unique and is given
by

oo AP -0X L _R-X-C
peX, — X)) X, - X

The mixed strategies described in Proposition 2 may be viewed as the beliefs of
the two players concerning their opponents behavior (see Aumann 1987). The credi-
tor believes that the successful entrepreneur repudiates with probability d* and the
entrepreneur expects that bankruptcy will be imposed with probability b*. In equi-
librium all decisions to which a strictly positive probability is assigned are optimal,
given the beliefs. An alternative interpretation is due to Harsanyi (1973), who dem-
onstrated that mixed strategy equilibria may be viewed as the limit of pure strategy
equilibria of a related “disturbed” game as the disturbances vanish. In the disturbed
game each party’s payoff is subject to a small random disturbance, the value of
which is known only to him. Due to these exogenous random shocks, the individu-
al’s behavior appears to be random even though it is actually deterministic.

An interesting feature of the equilibrium is that, in contrast with the case of pre-
commitment, the firm's repayment behavior no longer reveals its private informa-
tion about the project outcome. As 0 < d* < 1, there is partial pooling so that the
creditor is not precisely informed about the true return realization when he observes
default. This is similar to observations by Dewatripont (1989), Hart and Tirole
(1988), and Laffont and Tirole (1988), who conclude that the possibility of renego-
tiation favors the use of mixed strategies and reduces the degree of information
revelation.

Proposition 2 indicates why in the absence of precommitment it may be desirable
to include collateral requirements in the loan contract. Increasing C has a dual impact
on the project’s overall profitability. On one hand it creates an additional dead- -
weight loss because the entrepreneur’s valuation of C exceeds the lender’s valua-
tion. On the other hand, b* and thereby the probability of an inefficient change in
project ownership is lowered. Which of these effects dominates the other depends
upon the relative costs expressed by the factors a and B. Define

B=[apX, = Xp — (1 — WX}/ [apX, = Xp)] . (10)

Note that 0 < B < 1. Moreover, Band « are positively related and f tends to unity
when a approaches one.

PROPOSITION 3: If B > Bthen in equilibrium a debt contract T** is signed such that
C* = W. Otherwise it is optimal to set C* = 0.
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ProoF: By (1) and (2), no creditor will offer a contract with R = X, + W. When a
contract I with R > X, + W is signed, Proposition 2 applies and so the creditor
receives the payment R with probability p(1 — d*). When default occurs he is indif-
ferent between bankruptcy and renegotiation. Therefore, with probability pa* +
1 — p the creditor receives the payoff X, + BC — . Accordingly, for I' to be individ-
ually rational for the creditor, it has to be the case that

p(1 —d*)R + (pad* + 1 - p)X, + BO) =1 . an

The entrepreneur’s payoff is —C when the project fails; otherwise he is indifferent
between defaulting and paying R. Therefore, his expected payoff from signing I is
given as p(X; — R) — (1 — p)C. As a result of creditor competition, the constraint
(11) must be binding in equilibrium so that substituting R from (11) yields

p(X; = R) = —p)C=

s+ 1= (pd* + 1 = p)1 — B) — d* I
pX,+Pdl_d.Px,_Pd lp—d‘ B c-tz @

Thus maximizing the entrepreneur’s payoff with respect to C subjectto0 < C = W
implies C* = Wif (pd* + 1 — p)(1 — B) < @*. Using the value of d* from Proposi-
tion 2, this condition is easily seen to be equivalent to § > & Of course, C* = 0
solves the maximization problem if 8 < 8 Q.E.D.

Whether posting collateral is optimal depends upon the size of the entrepreneur’s
comparative advantage to own and manage the firm. For a given value of the param-
eter B, the gains from collateralization are higher the lower the value of a. This
means collateral becomes useful when the costs of liquidating the firm are suffi-
ciently high. When project ownership is irrelevant as a goes to one, collateral re-
quirements turn out to be suboptimal.

The relation between project risk and the equilibrium contract provides another
interesting insight. To investigate this relationship, we define the parameter

p=(1-a)X/[(1 - Ba(X, — Xp] . (13)
Inspection of (10) and (13) shows that B > Bif and only if p < p.5 This leads to a
simple Corollary of Proposition 3:

PROPOSITION 4: If p < P, then in equilibrium a debt contract T* is signed such
that C* = W. Otherwise it is optimal to set C* = 0

The result has the following intuition. The prospect of debt renegotiation no long-
er induces truth-telling behavior on the part of the entrepreneur. In this situation the
intention of collateral agreements is not to punish for project failure but to make

5. Note that p < p is consistent with assumption (1) unless (1 — B} > (1 — Ba)X,. If p > 1, Proposi-
tion 4 simply says that setting C* = W is always optimal.
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default less attractive in the event of success. As Proposition 2 shows, the equilibri-
um likelihood of dishonesty d* is inversely related to the project’s success proba-
bility p. Therefore a higher success rate makes it more likely that the entrepreneur
will lose his outside assets because of project failure rather than because of the at-
tempt to cheat. As a consequence, collateral is more effective with a high risk of
project failure.

Interestingly, the conclusion of Proposition 4 is in direct contrast with the signal-
ing theory of collateral, as developed in Besanko and Thakor (1987), Bester (1985,
1987), and Chan and Kanatas (1985). These models predict a positive relation be-
tween the investment’s success probability and the degree of collateralization. The
underlying assumption is that the creditors are less informed about project risks than
the entrepreneur. Different contracts are then used to sort loan applicants into risk
classes. Entrepreneurs who are more likely to succeed are inclined to post a higher
amount of collateral because they are less likely to lose it in the event of project
failure. In equilibrium low-risk entrepreneurs choose debt contracts with low repay-
ment obligations and high collateral requirements whereas high-risk entrepreneurs
sign contracts with high repayment obligations and low collateral requirements.

Finally we turn to the question of whether precommitment not to renegotiate the
original contract I'* increases social welfare. One way of preventing debt renegotia-
tion is to employ the aid of third parties, as suggested by Schelling (1960): The
creditor signs a contract with an outsider agreeing to pay a large sum of money
should he ever forgive any portion of the debt. Of course, for such a scheme to
work, the outsider must be incorruptible because otherwise he could be bribed into
permitting renegotiation if the debt contract prescribes an ex post inefficient liquida-
tion of assets. Alternatively, precommitment may be enforced by reputation consid-
erations. The concern for long-run reputation effects may induce the creditor not to
forgive the debt if this is optimal ex ante, even though it may be suboptimal ex post.
In what follows, we do not want to investigate the feasibility but rather the desir-
ability of precommitment. In other words, we compare the dead-weight loss associ-
ated with bankruptcy in the two categories of equilibrium analyzed in the foregoing
and the present section, respectively.

The possibility of renegotiation affects the expected cost of bankruptcy in two
ways. First, default is less frequently followed by project liquidation as b* < 1.
This positive effect is even enlarged when setting C* = W is optimal. Second, de-
fault occurs more often because the entrepreneur may seek to cheat. Indeed, in the
equilibrium described by Proposition 2 the probability of default is pd* + 1 — p
compared with 1 — p if b = 1. This effect is especially harmful because in some
cases the successful project is liquidated. Note that competition reduces the credi-
tor’s expected profits to zero in any equilibrium. Therefore, the entrepreneur’s ex-
pected payoff is critical for evaluating the welfare implications of precommitment.

PROPOSITION S: The entrepreneur’s expected payoff is higher in the equilibrium
where renegotiation is possible than in the equilibrium with precommitment not to
renegotiate.
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PRrOOF: The entrepreneur’s equilibrium payoff in the two categories of equilibri-
um is given by (4) and (12), respectively. Suppose, contrary to the Proposition, that
the expression in (12) does not exceed the expression in (4). Because C is chosen to
maximize (12), this implies

(pd* + 1 = pX, = IS (1 = d*)(1 = paX,— ). (14)
Using (7) and (8), it follows that (14) is equivalent to
a(pd*X, + (1 = p)X) = (1 —a*)(1 — plaX,— a*l . (15)

But (15) implies a(pX, + (1 — p)X)) =< I, a contradiction to assumption (1). This
proves that the Proposition must hold. Q.E.D. )

It is important for this result that the initial contract is incomplete in that it does
not allow for randomization. If stochastic debt forgiveness were contractible, the
“renegotiation-proofness” principle would apply that implies that the absence of
commitment lowers welfare. Proposition 5 is an example demonstrating that this
principle may fail to hold when contracts are incomplete. As a result, we may ex-
pect to observe debt renegotiation in practice even when the creditors have the
means to commit themselves not to forgive any debt. Competition among lenders
does not favor eliminating the prospect of renegotiation. Yet, one should regard this
implication of our model with caution. In particular the assumption that the contrac-
ting parties have symmetric information about the project’s return characteristics
seems important. When the entrepreneur knows more about the project’s ex ante
profitability than the creditor, renegotiation may in fact be harmful. Adverse selec-
tion may occur when the creditor cannot commit to liquidating inefficient firms in
the future. Dewatripont and Maskin (1989) discuss this aspect in a model where the
creditors would like to commit ex ante against refinancing in order to deter entrepre-
neurs from starting bad projects.

.Our discussion of the conflict between Proposition 4 and the signaling motive for
collateral indicates another reason why renegotiation may lead to adverse selection.
In the absence of renegotiation entrepreneurs with good projects can distinguish
themselves from those with bad projects by posting more collateral. But, Proposi-
tion 4 shows that also the high-risk entrepreneurs will find it advantageous to offer
collateral when there is a chance of renegotiation. This means that renegotiation
may preclude a separating equilibrium where collateral serves as a screening device.
Good and bad projects will then be pooled and, as shown by De Meza and Webb
(1987), the equilibrium will have a tendency toward a higher level of aggregate in-
vestment than is socially optimal.

4. CONCLUSION

This paper investigates how the prospect of future debt renegotiation affects the
lender’s security interests at the contracting date. The terms of the initial debt con-
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tract play a strategic role in the development of the borrower-lender relationship;
indirectly they determine the likelihood of renegotiation and the terms of the renego-
tiated contract. Renegotiation occurs because the absence of precommitment pre-
cludes incredible bankruptcy threats. As a resulit, there is a chance that the creditor
responds to default by forgiving some part of the debt rather than by imposing bank-
ruptcy. This in turn influences the borrower’s default decision. In our model the
creditor cannot distinguish whether the borrower defaults voluntarily or whether he
is actually unable to meet his payment obligations. The chance of debt forgiveness
may induce the borrower to falsely report that the investment’s return is too low to
pay the full amount of debt.

We show that these circumstances favor the issuance of debt that is secured by
outside assets. The event of default entitles the creditor to liquidate the borrower’s
collateralized wealth in addition to the assets remaining from the investment pro-
ject. Although outside collateral increases the total amount of assets liquidated in
the case of bankruptcy, perhaps surprisingly it may actually lower the expected
dead-weight loss associated with asset liquidation. The reason is that collateraliza-
tion reduces the debtor’s motives for voluntary default so that bankruptcy is less
likely to occur. We show that this effect is especially relevant for high-risk invest-
ment projects. Therefore, such firms are more likely to be financed through loans
that include collateral requirements than low-risk firms.

While debt renegotiation may simply be interpreted as resulting from the credi-
tor’s inability to precommit himself, we find that renegotiation may in fact increase
welfare. This provides an efficiency explanation of why debt renegotiation is fre-
quently observed in practice. We are careful, however, to point out that our assump-
tion of ex ante symmetric information is essential for this result.

LITERATURE CITED

Aghion, Phillipe, and Patrick Bolton. “An Incomplete Contracts Approach to Financial Con-
tracting.” Review of Economic Studies 59 (July 1992), 473-94.

Asquish, Paul, Robert Gertner, and David Scharfstein. *“Anatomy of Financial Distress: An
Examination of Junk-Bond Issuers.” National Bureau of Economic Research Working Pa-
per No. 3942, 1992.

Aumann, Robert. “Correlated Equilibrium as an Expression of Bayesian Rationality.” Econo-
metrica 55 (January 1987), 1-18.

Barro, Robert J. “The Loan Market, Collateral, and Rates of Interest.” Journal of Money,
Credit, and Banking 8 (November 1976), 439-56.

Benjamin, Daniel. “The Use of Collateral to Enforce Debt Contracts.” Economic Inquiry 16
(July 1978), 333-59.

Bergman, Yaacov Z., and Jeffrey L. Callen. “Opportunistic Underinvestment in Debt Rene-
gotiation and Capital Structure.” Journal of Financial Economics 29 (March 1991), 137-
i) 8

Besanko, David, and Anjan V. Thakor. “Collateral and Rationing: Sorting Equilibria in Mo-

nopolistic and Competitive Credit Markets.” International Economic Review 28 (October
1987), 671-90.



86 : MONEY, CREDIT, AND BANKING

Bester, Helmut. “Screening vs. Rationing in Credit Markets with Imperfect Information.”
American Economic Review 57 (September 1985), 850-55.

. “The Role of Collateral in Credit Markets with Imperfect Information.” European
Economic Review 31 (June 1987), 887-99.

Bulow, Jeremy, and Kenneth Rogoff. “A Constant Recontracting Model of Sovereign Debt.”
Journal of Political Economy 97 (February 1989), 155-78.

Chan, Yuk-Shee, and George Kanatas. “Asymmetric Valuations and the Role of Collateral in
Loan Agreements.” Journal of Money, Credit, and Banking 17 (February 1985), 84-95.

De Meza, David, and David C. Webb. “Too Much Investment: A Problem of Asymmetric
Information.” Quarterly Journal of Economics 102 (May 1987), 281-92.

Dewatripont, Mathias. "Renegomnon and Information Revelation over Time: The Case of
Optimal Labor Contracts.” Quarterly Journal of Economics 104 (August 1989), 589-619.

Dewaln&o;\( Mathms and Eric Maskin. “Credit and Efficiency in Centralized and Decentral-
nomies.” Harvard University, Discussion Paper, 1989.

Diamond, Douglas. “Financial Intermediation and Delegated Monitoring."” Review of Eco-
nomic Studies 51 (July 1984), 393-414.

Fernandez, Raquel, and Robert W. Rothenthal. “Sovereign Debt Renegotiations: A Strategic
Analysis.” National Bureau of Economic Research Working Paper No. 2597, 1988.

Gale, Douglas, and Martin Hellwig. “Incentive-Compatible Debt Contracts: The One-Period
Problem.” Review of Economic Studies 52 (October 1985), 647-63.

“Repudiation and Renegotiation: The Case of Sovereign Debt.” International Eco-

nomu: Review 30 (February 1989), 3-31.

Harsanyi, John. “Games with Randomly Distributed Payoffs: A New Rationale for Mixed
Strategy Equilibrium Points.” International Journal of Game Theory 3 (1973), 211-25.

Hart, Oliver, and John Moore. “Default and Renegotiation: A Dynamic Model of Debt.” MIT
Discussion Paper No. 520, 1989.

Hart, Oliver, and Jean Tirole. “Contract Renegotiation and Coasian Dynamics.” Review of
Economic Studies 55 (October 1988), 509-40.

Huberman, Gur, and Charles Kahn. “Default, Foreclosure, and Strategic Renegotiation.”
University of Illinois Urbana-Champaign, Discussion Paper, 1988.

Laffont, Jean-Jaques, and Jean Tirole. “The Dynamics of Incentive Contracts.” Economet-
rica 56 (September 1988), 1153-75.

Leeth, John D., and Jonathan A. Scott. “The Incidence of Secured Debt: Evidence from the
Small Business Community.” Journal of Financial and Quantitative Analysis 24 (Septem-
ber 1989), 379-93.

Mookherjee, Dilip, and Ivan Png. “Optimal Auditing, Insurance, and Redistribution.” Quar-
terly Journal of Economics 104 (May 1989), 399-415.

Schelling, Thomas C. The Strategy of Conflict. Harvard University Press, 1960.

Schwartz, Alan. “Security Interests and Bankruptcy Priorities: A Review of Current Theo-
ries.” Journal of Legal Studies 10 (January 1981), 1-37.

Townsend, Robert M. “Optimal Contracts and Competitive Markets with Costly State Veri-
fication.” Journal of Economic Theory 21 (October 1979), 265-93.




Reprint Series, CentER, Tilburg University, The Netherlands:

No.

No.

No.

No.

10

G. Marini and F. van der Ploeg, Monetary and fiscal policy in an optimising model
with capital accumulation and finite lives, The Economic Journal, vol. 98, no. 392,
1988, pp. 772 - 786.

F. van der Ploeg, International policy coordination in interdependent monetary
economies, Journal of International Economics, vol. 25, 1988, pp. 1 - 23.

A.P. Barten, The history of Dutch macroeconomic modelling (1936-1986), in W.
Driehuis, M.M.G. Fase and H. den Hartog (eds.), Challenges for Macroeconomic
Modelling, Contributions to Economic Analysis 178, Amsterdam: North-Holland,
1988, pp. 39 - 88.

F. van der Ploeg, Disposable income, unemployment, inflation and state spending in
a dynamic political-economic model, Public Choice, vol. 60, 1989, pp. 211 - 239.

Th. ten Raa and F. van der Ploeg, A statistical approach to the problem of negatives
in input-output analysis, Economic Modelling, vol. 6, no. 1, 1989, pp. 2 - 19.

E. van Damme, Renegotiation-proof equilibria in repeated prisoners’ dilemma,
Journal of Economic Theory, vol. 47, no. 1, 1989, pp. 206 - 217.

C. Mulder and F. van der Ploeg, Trade unions, investment and employment in a
small open economy: a Dutch perspective, in J. Muysken and C. de Neubourg (eds.),
Unemployment in Europe, London: The Macmillan Press Ltd, 1989, pp. 200 - 229.

Th. van de Klundert and F. van der Ploeg, Wage rigidity and capital mobility in an
optimizing model of a small open economy, De Economist, vol. 137, nr. 1, 1989, pp.
47 - 75.

G. Dhaene and A.P. Barten, When it all began: the 1936 Tinbergen model revisited,
Economic Modelling, vol. 6, no. 2, 1989, pp. 203 - 219.

F. van der Ploeg and A.J. de Zeeuw, Conflict over arms accumulation in market and
command economies, in F. van der Ploeg and A.J. de Zeeuw (eds.), Dynamic Policy
Games in Economics, Contributions to Economic Analysis 181, Amster- dam:
Elsevier Science Publishers B.V. (North-Holland), 1989, pp. 91 - 119.

J. Driffill, Macroeconomic policy games with incomplete information: some
extensions, in F. van der Ploeg and A.J. de Zeeuw (eds.), Dynamic Policy Games in
Economics, Contributions to Economic Analysis 181, Amsterdam: Elsevier Science
Publishers B.V. (North-Holland), 1989, pp. 289 - 322.

F. van der Ploeg, Towards monetary integration in Europe, in P. De Grauwc et al.,
De Europese Monetaire Integratie: vier visies, Wetenschappelijke Raad voor het
Regeringsbeleid V 66, ’s-Gravenhage: SDU uitgeverij, 1989, pp. 81 - 106.



No.

No.

No.

No.

No.

No.

No.

No.

;13

14

15

16

. 18

19

20

L2

22

23

.24

25

R.J.M. Alessie and A. Kapteyn, Consumption, savings and demography, in A.
Wenig, K.F. Zimmermann (eds.), Demographic Change and Economic Development,
Berlin/Heidelberg: Springer-Verlag, 1989, pp. 272 - 305.

A. Hoque, J.R. Magnus and B. Pesaran, The exact multi-period mean-square forecast
error for the first-order autoregressive model, Journal of Econometrics, vol. 39, no.
3, 1988, pp. 327 - 346.

R. Alessie, A. Kapteyn and B. Melenberg, The effects of liquidity constraints on
consumption: estimation from household panel data, European Economic Review, vol.
33, no. 2/3, 1989, pp. 547 - 555.

A. Holly and J.R. Magnus, A note on instrumental variables and maximum likeli-
hood estimation procedures, Annales d’Economie et de Statistique, -no. 10,
April-June, 1988, pp. 121 - 138.

P. ten Hacken, A. Kapteyn and 1. Woittiez, Unemployment benefits and the labor
market, a micro/macro approach, in B.A. Gustafsson and N. Anders Klevmarken
(eds.), The Political Economy of Social Security, Contributions to Economic Analysis
179, Amsterdam: Elsevier Science Publishers B.V. (North-Holland), 1989, pp. 143
- 164.

T. Wansbeek and A. Kapteyn, Estimation of the error-components model with
incomplete panels, Journal of Econometrics, vol. 41, no. 3, 1989, pp. 341 - 361.

A. Kapteyn, P. Kooreman and R. Willemse, Some methodological issues in the
implementation of subjective poverty definitions, The Journal of Human Resources,
vol. 23, no. 2, 1988, pp. 222 - 242.

Th. van de Klundert and F. van der Ploeg, Fiscal policy and finite lives in
interdependent economies with real and nominal wage rigidity, Oxford Economic
Papers, vol. 41, no. 3, 1989, pp. 459 - 489.

J.R. Magnus and B. Pesaran, The exact multi-period mean-square forecast error for
the first-order autoregressive model with an intercept, Journal of Econometrics, vol.
42, no. 2, 1989, pp. 157 - 179.

F. van der Ploeg, Two essays on political economy: (i) The political economy of
overvaluation, The Economic Journal, vol. 99, no. 397, 1989, pp. 850 - 855; (ii)
Election outcomes and the stockmarket, European Journal of Political Economy, vol.
5, no. 1, 1989, pp. 21 - 30.

J.R. Magnus and A.D. Woodland, On the maximum likelihood estimation of
multivariate regression models containing serially correlated error components,
International Economic Review, vol. 29, no. 4, 1988, pp. 707 - 725.

A.J.J. Talman and Y. Yamamoto, A simplicial algorithm for stationary point
problems on polytopes, Mathematics of Operations Research, vol. 14, no. 3, 1989,
pp- 383 - 399.

E. van Damme, Stable equilibria and forward induction, Journal of Economic Theory,
vol. 48, no. 2, 1989, pp. 476 - 496.



No.

No.

No.

No.

No.

No.

No.

No.

No.

26

27

28

29

30

31

32

33

34

.35

. 36

. 37

.38

; 39

A.P. Barten and L.J. Bettendorf, Price formation of fish: An application of an inverse
demand system, European Economic Review, vol. 33, no. 8, 1989, pp. 1509 - 1525.

G. Noldeke and E. van Damme, Signalling in a dynamic labour market, Review of
Economic Studies, vol. 57 (1), no. 189, 1990, pp. 1 - 23.

P. Kop Jansen and Th. ten Raa, The choice of model in the construction of
input-output coefficients matrices, International Economic Review, vol. 31, no. 1,
1990, pp. 213 - 227.

F. van der Ploeg and A.J. de Zeeuw, Perfect equilibrium in a model of competitive
arms accumnulation, International Economic Review, vol. 31, no. 1, 1990, pp. 131
- 146.

J.R. Magnus and A.D. Woodland, Separability and aggregation, Economica, vol. 57,
no. 226, 1990, pp. 239 - 247.

F. van der Ploeg, International interdependence and policy coordination in economies
with real and nominal wage rigidity, Greek Economic Review, vol. 10, no. 1, June
1988, pp. 1 - 48.

E. van Damme, Signaling and forward induction in a market entry context,
Operations Research Proceedings 1989, Berlin-Heidelberg: Springer-Verlag, 1990,
pp. 45 - 59.

A.P. Barten, Toward a levels version of the Rotterdam and related demand systems,
Contributions to Operations Research and Economics, Cambridge: MIT Press, 1989,
pp. 441 - 465.

F. van der Ploeg, International coordination of monetary policies under alternative
exchange-rate regimes, in F. van der Ploeg (ed.), Advanced Lectures in Quantitative
Economics, London-Orlando: Academic Press Ltd., 1990, pp. 91 - 121.

Th. van de Klundert, On socioeconomic causes of 'wait unemployment’, European
Economic Review, vol. 34, no. 5, 1990, pp. 1011 - 1022.

R.J.M. Alessie, A. Kapteyn, J.B. van Lochem and T.J. Wansbeek, Individual effects
in utility consistent models of demand, in J. Hartog, G. Ridder and J. Theeuwes
(eds.), Panel Data and Labor Market Studies, Amsterdam: Elsevier Science
Publishers B.V. (North-Holland), 1990, pp. 253 - 278.

F. van der Ploeg, Capital accumulation, inflation and long-run conflict in
international objectives, Oxford Economic Papers, vol. 42, no. 3, 1990, pp. 501 -
525.

Th. Nijman and F. Palm, Parameter identification in ARMA Processes in the
presence of regular but incomplete sampling, Journal of Time Series Analysis, vol.
11, no. 3, 1990, pp. 239 - 248.

Th. van de Klundert, Wage differentials and employment in a two-sector model with
a dual labour market, Metroeconomica, vol. 40, no. 3, 1989, pp. 235 - 256.



No.

No.

No.

No.

No.

40

. 41

.42

43

.44

. 45

46

. 47

. 48

. 49

. 50

51

52

.53

. 54

Th. Nijman and M.F.J. Steel, Exclusion restrictions in instrumental variables
equations, Econometric Reviews, vol. 9, no. 1, 1990, pp. 37 - 55.

A. van Soest, I. Woittiez and A. Kapteyn, Labor supply, income taxes, and hours
restrictions in the Netherlands, Journal of Human Resources, vol. 25, no. 3, 1990,
pp. 517 - 558.

Th.C.M.J. van de Klundert and A.B.T.M. van Schaik, Unemployment persistence
and loss of productive capacity: a Keynesian approach, Journal of Macro- economics,
vol. 12, no. 3, 1990, pp. 363 - 380.

Th. Nijman and M. Verbeek, Estimation of time-dependent parameters in linear
models using cross-sections, panels, or both, Journal of Econometrics, vol. 46, no.
3, 1990, pp. 333 - 346. .

E. van Damme, R. Selten and E. Winter, Alternating bid bargaining with a smallest
money unit, Games and Economic Behavior, vol. 2, no. 2, 1990, pp. 188 - 201.

C. Dang, The D,-triangulation of R" for simplicial algorithms for computing solutions
of nonlinear equations, Mathematics of Operations Research, vol. 16, no. 1, 1991,
pp. 148 - 161.

Th. Nijman and F. Palm, Predictive accuracy gain from disaggregate sampling in
ARIMA models, Journal of Business & Economic Statistics, vol. 8, no. 4, 1990, pp.
405 - 415.

J.R. Magnus, On certain moments relating to ratios of quadratic forms in normal
variables: further results, Sankhya: The Indian Journal of Statistics, vol. 52, series
B, part. 1, 1990, pp. 1 - 13. )

M.F.J. Steel, A Bayesian analysis of simultaneous equation models by combining
recursive analytical and numerical approaches, Journal of Econometrics, vol. 48, no.
1/2, 1991, pp. 83 - 117.

F. van der Ploeg and C. Withagen, Pollution control and the ramsey problem,
Environmental and Resource Economics, vol. 1, no. 2, 1991, pp. 215 - 236.

F. van der Ploeg, Money and capital in interdependent economies with overlapping
generations, Economica, vol. 58, no. 230, 1991, pp. 233 - 256.

A. Kapteyn and A. de Zeeuw, Changing incentives for economic research in the
Netherlands, European Economic Review, vol. 35, no. 2/3, 1991, pp. 603 - 611.

C.G. de Vries, On the relation between GARCH and stable processes, Journal of
Econometrics, vol. 48, no. 3, 1991, pp. 313 - 324.

R. Alessie and A. Kapteyn, Habit formation, interdependent preferences and
demographic effects in the almost ideal demand system, The Economic Journal, vol.
101, no. 406, 1991, pp. 404 - 419.

W. van Groenendaal and A. de Zeeuw, Control, coordination and conflict on
international commodity markets, Economic Modelling, vol. 8, no. 1, 1991, pp. 90
- 101.



No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

55

. 56

: 81

.58

59

60

61

62

63

65

67

F. van der Ploeg and A.J. Markink, Dynamic policy in linear models with rational
expectations of future events: A computer package, Computer Science in Economics
and Management, vol. 4, no. 3, 1991, pp. 175 - 199.

H.A. Keuzenkamp and F. van der Ploeg, Savings, investment, government finance,
and the current account: The Dutch experience, in G. Alogoskoufis, L. Papademos
and R. Portes (eds.), External Constraints on Macroeconomic Policy: The European
Experience, Cambridge: Cambridge University Press, 1991, pp. 219 - 263.

Th. Nijman, M. Verbeek and A. van Soest, The efficiency of rotating-panel designs
in an analysis-of-variance model, Journal of Econometrics, vol. 49, no. 3, 1991, pp.
373 - 399.

M.F.J. Steel and J.-F. Richard, Bayesian multivariate exogeneity analysis - an
application to a UK money demand equation, Journal of Econometrics, vol. 49, no.
172, 1991, pp. 239 - 274.

Th. Nijman and F. Palm, Generalized least squares estimation of linear models
containing rational future expectations, International Economic Review, vol. 32, no.
2, 1991, pp. 383 - 389.

E. van Damme, Equilibrium selection in 2 x 2 games, Revista Espanola de
Economia, vol. 8, no. 1, 1991, pp. 37 - 52.

E. Bennett and E. van Damme, Demand commitment bargaining: the case of apex
games, in R. Selten (ed.), Game Equilibrium Models III - Strategic Bargaining,
Berlin: Springer-Verlag, 1991, pp. 118 - 140.

W. Giith and E. van Damme, Gorby games - a game theoretic analysis of
disarmament campaigns and the defense efficiency - hypothesis -, in R. Avenhaus,
H. Karkar and M. Rudnianski (eds.), Defense Decision Making - Analytical Support
and Crisis Management, Berlin: Springer-Verlag, 1991, pp. 215 - 240.

A. Roell, Dual-capacity trading and the quality of the market, Journal of Financial
Intermediation, vol. 1, no. 2, 1990, pp. 105 - 124.

Y. Dai, G. van der Laan, A.J.J. Talman and Y. Yamamoto, A simplicial algorithm
for the nonlinear stationary point problem on an unbounded polyhedron, Siam Journal
of Optimization, vol. 1, no. 2, 1991, pp. 151 - 165.

M. McAleer and C.R. McKenzie, Keynesian and new classical models of
unemployment revisited, The Economic Journal, vol. 101, no. 406, 1991, pp. 359
- 381.

A.J.J. Talman, General equilibrium programming, Nieuw Archief voor Wiskunde, vol.
8, no. 3, 1990, pp. 387 - 397.

J.R. Magnus and B. Pesaran, The bias of forecasts from a first-order autoregression,
Econometric Theory, vol. 7, no. 2, 1991, pp. 222 - 235.



No.

No.

No.

No.

. 68

. 69

. 70

w1

72

73

.74

0 19

.76

i B

.78

i, 1D

80

81

F. van der Ploeg, Macroeconomic policy coordination issues during the various
phases of economic and monetary integration in Europe, European Economy - The
Economics of EMU, Commission of the European Communities, special edition no.
1, 1991, pp. 136 - 164.

H. Keuzenkamp, A precursor to Muth: Tinbergen's 1932 model of rational
expectations, The Economic Journal, vol. 101, no. 408, 1991, pp. 1245 - 1253.

L. Zou, The target-incentive system vs. the price-incentive system under adverse
selection and the ratchet effect, Journal of Public Economics, vol. 46, no. 1, 1991,
pp- 51 - 89.

E. Bomhoff, Between price reform and privatization: Eastern Europe in transition,
Finanzmarkt und Portfolio Management, vol. 5, no. 3, 1991, pp. 241 - 251.

E. Bombhoff, Stability of velocity in the major industrial countries: a Kalman filter
approach, International Monetary Fund Staff Papers, vol. 38, no. 3, 1991, pp. 626
- 642.

E. Bomhoff, Currency convertibility: when and how? A contribution to the Bulgarian
debate, Kredit und Kapital, vol. 24, no. 3, 1991, pp. 412 - 431.

H. Keuzenkamp and F. van der Ploeg, Perceived constraints for Dutch unemployment
policy, in C. de Neubourg (ed.), The Art of Full Employment - Unemployment Policy
in Open Economies, Contributions to Economic Analysis 203, Amsterdam: Elsevier
Science Publishers B.V. (North-Holland), 1991, pp. 7 - 37.

H. Peters and E. van Damme, Characterizing the Nash and Raiffa bargaining
solutions by disagreement point axions, Mathematics of Operations Research, vol. 16,
no. 3, 1991, pp. 447 - 461.

P.J. Deschamps, On the estimated variances of regression coefficients in misspecified
error components models, Econometric Theory, vol. 7, no. 3, 1991, pp. 369 - 384.

A. de Zeeuw, Note on 'Nash and Stackelberg solutions in a differential game model
of capitalism’, Journal of Economic Dynamics and Control, vol. 16, no. 1, 1992, pp.
139 - 145.

J.R. Magnus, On the fundamental bordered matrix of linear estimation, in F. van der
Ploeg (ed.), Advanced Lectures in Quantitative Economics, London-Orlando:
Academic Press Ltd., 1990, pp. 583 - 604.

F. van der Ploeg and A. de Zeeuw, A differential game of international pollution
control, Systems and Control Letters, vol. 17, no. 6, 1991, pp. 409 - 414.

Th. Nijman and M. Verbeek, The optimal choice of controls and pre-experimen- tal
observations, Journal of Econometrics, vol. 51, no. 1/2, 1992, pp. 183 - 189.

M. Verbeek and Th. Nijman, Can cohort data be treated as genuine panel data?,
Empirical Economics, vol. 17, no. 1, 1992, pp. 9 - 23.



No.

No.

No.

No.

No.

No.

No.

. 82

. 83

85

. 86

. 87

88

v 89

91

93

94

E. van Damme and W. Giith, Equilibrium selection in the Spence signaling game, in
R. Selten (ed.), Game Equilibrium Models Il - Methods, Morals, and Markets,
Berlin: Springer-Verlag, 1991, pp. 263 - 288.

R.P. Gilles and P.H.M. Ruys, Characterization of economic agents in arbitrary
communication structures, Nieuw Archief voor Wiskunde, vol. 8, no. 3, 1990, pp.
325 - 345.

A. de Zeeuw and F. van der Ploeg, Difference games and policy evaluation: a
conceptual framework, Oxford Economic Papers, vol. 43, no. 4, 1991, pp. 612 -
636.

E. van Damme, Fair division under asymmetric information, in R. Selten (ed.),
Rational Interaction - Essays in Honor of John C. Harsanyi, Berlin/Heidelberg:
Springer-Verlag, 1992, pp. 121 - 144,

F. de Jong, A. Kemna and T. Kloek, A contribution to event study methodology with
an application to the Dutch stock market, Journal of Banking and Finance, vol. 16,
no. 1, 1992, pp. 11 - 36.

A_.P. Barten, The estimation of mixed demand systems, in R. Bewley and T. Van
Hoa (eds.), Contributions to Consumer Demand and Econometrics, Essays in Honour
of Henri Theil, Basingstoke: The Macmillan Press Ltd., 1992, pp. 31 - 57.

T. Wansbeek and A. Kapteyn, Simple estimators for dynamic panel data models with
errors in variables, in R. Bewley and T. Van Hoa (eds.), Contributions to Consumer
D. d and Ec trics, Essays in Honour of Henri Theil, Basingstoke: The
Macmillan Press Ltd., 1992, pp. 238 - 251.

S. Chib, J. Osiewalski and M. Steel, Posterior inference on the degrees of freedom
parameter in multivariate-¢ regression models, Economics Letters, vol. 37, no. 4,
1991, pp. 391 - 397.

H. Peters and P. Wakker, Independence of irrelevant alternatives and revealed group
preferences, Econometrica, vol. 59, no. 6, 1991, pp. 1787 - 1801.

G. Alogoskoufis and F. van der Ploeg, On budgetary policies, growth, and external
deficits in an interdependent world, Journal of the Japanese and International
Economies, vol. 5, no. 4, 1991, pp. 305 - 324.

R.P. Gilles, G. Owen and R. van den Brink, Games with permission structures: The
conjunctive approach, International Journal of Game Theory, vol. 20, no. 3, 1992,
pp. 277 - 293.

J.A.M. Potters, 1.J. Curiel and S.H. Tijs, Traveling salesman games, Mathematical
Programming, vol. 53, no. 2, 1992, pp. 199 - 211.

A.P. Jurg, M.J.M. Jansen, J.A.M. Potters and S.H. Tijs, A symmetrization for finite
two-person games, Zeitschrift fiir Operations Research - Methods and Models of
Operations Research, vol. 36, no. 2, 1992, pp. 111 - 123,



No.

No.

No.

No.

No.

No.

No.

95

. 96

. 97

. 98

100

101

102

. 103

104

105

. 106

. 107

. 108

109

A. van den Nouweland, P. Borm and S. Tijs, Allocation rules for hypergraph
communication situations, International Journal of Game Theory, vol. 20, no. 3,
1992, pp. 255 - 268.

E.J. Bomhoff, Monetary reform in Eastern Europe, European Economic Review, vol.
36, no. 2/3, 1992, pp. 454 - 458.

F. van der Ploeg and A. de Zeeuw, International aspects of pollution control,
Environmental and Resource Economics, vol. 2, no. 2, 1992, pp. 117 - 139.

P.E.M. Borm and S.H. Tijs, Strategic claim games corresponding to an NTU-game,
Games and Economic Behavior, vol. 4, no. 1, 1992, pp. 58 - 71.

A. van Soest and P. Kooreman, Coherency of the indirect translog demand system
with binding nonnegativity constraints, Journal of Econometrics, vol. 44, no. 3,
1990, pp. 391 - 400.

Th. ten Raa and E.N. Wolff, Secondary products and the measurement of
productivity growth, Regional Science and Urban Economics, vol. 21, no. 4, 1991,
pp. 581 - 615.

P. Kooreman and A. Kapteyn, On the empirical implementation of some game
theoretic models of household labor supply, The Journal of Human Resources, vol.
25, no. 4, 1990, pp. 584 - 598.

H. Bester, Bertrand equilibrium in a differentiated duopoly, International Economic
Review, vol. 33, no. 2, 1992, pp. 433 - 448.

J.A.M. Potters and S.H. Tijs, The nucleolus of a matrix game and other nucleoli,
Mathematics of Operations Research, vol. 17, no. 1, 1992, pp. 164 - 174.

A. Kapteyn, P. Kooreman and A. van Soest, Quantity rationing and concavity in a
flexible household labor supply model, Review of Economics and Statistics, vol. 72,
no. 1, 1990, pp. 55 - 62.

A. Kapteyn and P. Kooreman, Household labor supply: What kind of data can teil
us how many decision makers there are?, European Economic Review, vol. 36, no.
2/3, 1992, pp. 365 - 371.

Th. van de Klundert and S. Smulders, Reconstructing growth theory: A survey, De
Economist, vol. 140, no. 2, 1992, pp. 177 - 203.

N. Rankin, Imperfect competition, expectations and the multiple effects of monetary
growth, The Economic Journal, vol. 102, no. 413, 1992, pp. 743 - 753.

J. Greenberg, On the sensitivity of von Neumann and Morgenstern abstract stable
sets: The stable and the individual stable bargaining set, International Journal of
Game Theory, vol. 21, nro. 1, 1992, pp. 41 - 55.

S. van Wijnbergen, Trade reform, policy uncertainty, and the current account: A
non-expected-utility approach, American Economic Review, vol. 82, no. 3, 1992, pp.
626 - 633.



No.

No.

No.

No.

No.

No.

No.

. 110

111

112

113

. 114

o 125

. 116

s 107

. 118

» 119

120

121

122

123

. 124

M. Verbeek and Th. Nijman, Testing for selectivity bias in panel data models,
International Economic Review, vol. 33, no. 3, 1992, pp. 681 - 703.

Th. Nijman and M. Verbeek, Nonresponse in panel data: The impact on estimates of
a life cycle consumption function, Journal of Applied Econometrics, vol. 7, no. 3,
1992, pp. 243 - 257.

I. Bomze and E. van Damme, A dynamical characterization of evolutionarily stable
states, Annals of Operations Research, vol. 37, 1992, pp. 229 - 244.

P.J. Deschamps, Expectations and intertemporal separability in an empirical model
of consumption and investment under uncertainty, Empirical Economics, vol. 17, no.
3, 1992, pp. 419 - 450.

K. Kamiya and D. Talman, Simplicial algorithm for computing a core element in a
balanced game, Journal of the Operations Research, vol. 34, no. 2, 1991, pp. 222 -
228.

G.W. Imbens, An efficient method of moments estimator for discrete choice models
with choice-based sampling, Econometrica, vol. 60, no. 5, 1992, pp. 1187 -1214.

P. Borm, On perfectness concepts for bimatrix games, OR Spektrum, vol. 14, no.
1, 1992, pp. 33 - 42.

A.P. Jurg, 1. Garcia Jurado and P.E.M. Borm, On modifications of the concepts of
perfect and proper equilibria, OR Spektrum, vol. 14, no. 2, 1992, pp. 85 - 90.

P. Borm, H. Keiding, R.P. McLean, S. Oortwijnand S. Tijs, The compromise value
for NTU-games, International Journal of Game Theory, vol. 21, no. 2, 1992, pp.
175 - 189.

M. Maschler, J.A.M. Potters and S.H. Tijs, The general nucleolus and the reduced
game property, International Journal of Game Theory, vol. 21, no. 1, 1992, pp. 85 -
106.

K. Wirneryd, Communication, correlation and symmetry in bargaining, Economics
Letters, vol. 39, no. 3, 1992, pp. 295 - 300.

M.R. Baye, D. Kovenock and C.G. de Vries, It takes two to tango: equilibria in a
model of sales, Games and Economic Behavior, vol. 4, no. 4, 1992, pp. 493 - 510.

M. Verbeek, Pseudo panel data, in L. Mityds and P. Sevestre (eds.), The
Econometrics of Panel Data, Dordrecht: Kluwer Academic Publishers, 1992, pp. 303
- 315.

S. van Wijnbergen, Intertemporal speculation, shortages and the political economy
of price reform, The Economic Journal, vol. 102, no. 415, 1992, pp. 1395 - 1406.

M. Verbeek and Th. Nijman, Incomplete panels and selection bias, in L. Mityés and
P. Sevestre (eds.), The Econometrics of Panel Data, Dordrecht: Kluwer Academic
Publishers, 1992, pp. 262 - 302.



No.

No.

No.

No.

No.

No.

No.

125

126

127

. 128

: 129

.+ 130

131

132

133

135

. 136

L 137

. 138

. 139

J.J. Sijben, Monetary policy in a game-theoretic framework, Jahrbiicher fiir
Nationalokonomie und Statistik, vol. 210, no. 3/4, 1992, pp. 233 - 253.

H.A.A. Verbon and M.J.M. Verhoeven, Decision making on pension schemes under
rational expectations, Journal of Economics, vol. 56, no. 1, 1992, pp. 71 - 97.

L. Zou, Ownership structure and efficiency: An incentive mechanism approach,
Journal of Comparative Economics, vol. 16, no. 3, 1993, pp. 399 - 431.

C. Fershtman and A. de Zeeuw, Capital accumulation and entry deterrence: A
clarifying note, in G. Feichtinger (ed.), Dynamic Economic Models and Optimal
Control, Amsterdam: Elsevier Science Publishers B.V. (North-Holland), 1992, pp.
281 - 296. .

L. Bovenberg and C. Petersen, Public debt and pension policy, Fiscal Studies, vol.
13, no. 3, 1992, pp. 1 - 14.

R. Gradus and A. de Zeeuw, An employment game between government and firms,
Optimal Control Applications & Methods, vol. 13, no. 1, 1992, pp. 55 - 71.

Th. Nijman and R. Beetsma, Empirical tests of a simple pricing model for sugar
futures, Annales d’Economie et de Statistique, no. 24, 1991, pp. 121 - 131.

F. Groot, C. Withagen and A. de Zeeuw, Note on the open-loop Von Stackelberg
equilibrium in the Cartel versus Fringe model, The Economic Journal, vol. 102, no.
415, 1992, pp. 1478 - 1484.

S. Eijffinger and N. Gruijters, On the effectiveness of daily intervention by the
Deutsche Bundesbank and the Federal Reserve System in the US dollar - deutsche
mark exchange market, in Baltensperger/Sinn (eds), Exchange-Rate Regimes and
Currency Unions, Basingstoke: The Macmillan Press Ltd., 1992, pp. 131 - 156.

A. K. Bera and S. Lee, Information matrix test, parameter heterogeneity and ARCH:
a synthesis, Review of Economic Studies, 60, 1993, pp. 229 - 240.

H. G. Bloemen and A. Kapteyn, The joint estimation of a non-linear labour supply
function and a wage equation using simulated response probabilities, Annales
d’Economie et de Statistique, No. 29, 1993, pp. 175 - 205.

H. Bester, Bargaining versus price competition in markets with quality uncertainty,
The American Economic Review, Vol. 83, No. 1, March 1993, pp. 278 - 288.

K. Wirneryd, Anarchy, uncertainty, and the emergence of property rights, Economics
and Politics, Vol. 5, No. 1, March 1993, pp. 1 - 14.

A. L. Bovenberg and L.H. Goulder, Promoting investment under international capital
mobility: an intertemporal general equilibrium analysis, The Scandinavian Journal of
Economics, Vol. 95, No. 2, 1993, pp. 133 - 156.

S. Eijffinger and E. Schaling, Central bank independence in twelve industrial
countries, Banca Nazionale del Lavoro Quarterly Review, No. 184, March 1993, pp.
49 - 89.



No.

No.

No.

No.

No.

. 141

. 142

. 143

. 144

. 145

146

147

148

149

150

. 151

\ 182

S. Eijffinger and A. van Rixtel, The Japanese financial system and monetary policy:
a descriptive review, Japan and the World Economy, Vol. 4, No. 4, 1992, pp 291-
309.

A. L. Bovenberg, Investment-promoting policies in open economies: the importance
of intergenerational and international distributional effects, Journal of Public
Economics, Vol. 51, 1993, North Holland, pp. 3-54 .

A. Ozcam, G. Judge, A Bera and T. Yancey, The risk properties of a pre-test
estimator for Zellner’s seemingly unrelated regression model, Journal of Quantitative
Economics, Vol. 9, No. 1, January 1993, pp. 41-52.

F. C. Drost and T. E. Nijman, Temporal aggregation of garch processes,
Econometrica, Vol. 61, No. 4, July 1993, pp. 909-927.

J. J. G. Lemmen and S.C.W. Eijffinger, The degree of financial integration in the
European Community, De Economist, Vol. 141, No. 2, 1993, pp. 189-213.

R. Sarin and P. Wakker, A simple axiomatization of nonadditive expected utility,
Econometrica, Vol. 60, No. 6, November 1992, pp. 1255-1272.

S. Muto, On licensing policies in bertrand competition, Games and Economic
Behaviour, 5, 1993, pp. 257-267.

M. Verbeek and T. Nijman, Minimum MSE estimation of a regression model with
fixed effects from a series of cross-sections, Journal of Econometrics, 59, 1993, pp.
125-136.

R. de Groof and M. van Tuijl, Financial integration and fiscal policy in
interdependent two-sector economies with real and nominal wage rigidity, European
Journal of Political Economy, Vol. 9, 1993, North Holland, pp. 209-232.

A. van Soest, A. Kapteyn and P. Kooreman, Coherency and regularity of demand
systems with equality and inequality constraints, Journal of Econometrics, Vol. 57,
1993, North- Holland, pp. 161-188.

W. Hirdle and A.B. Tsybakov, How Sensitive are Average Derivatives?, Journal of
Econometrics, Vol. 58, 1993, North-Holland, pp. 31-48.

H. Bester, The role of collateral in a model of debt renegotiation, Journal of Money,
Credit and Banking, Vol. 26, No. 1, February 1994, pp. 72-86.



PO. BOX 90153, 5000 LE TILBURG, THE NETHERLANDS
Bibliotheek K. U. Brabant

|

17 OO0 01158991 9



	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30

