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Savereign Debt: Optimal Contract,
Underinvestment, and Forgiveness

EDUARDO S. SCHWARTZ and SALVADOR ZURITA*

ABSTRACT

In this paper we develop a time consistent rational expectations model which
analyzes the equilibrium loan contract between a borrowing country and a foreign
bank. The loan contract specifies both the amount of the loan and the promised
interest payments, and rationally reflects the investment decisions of the country
and the possibilities of renegotiation and repudiation of the debt. An important
feature of the madel is that at the initial negotiation of the lean there is uncertainty
about whether the country will renegotiate for partial forgiveness in the future, and
whether it will eventually repudiate the debt, even having successfully renegoti-
ated. Maregver, the probabilities of renegotiation and repudiation, and the amount
of possible forgiveness are endogenously determined. In the maodel the repudiation
decision is directly related to the underinvestment problem; the objective of the
renegotiation is precisely to alleviate this problem. The model is used to analyze the
effects of four variables on both the optimal contract and the country’s welfare: the
degree of penalties that a bank can impose an a defaulting country, the uncertainty
of production, the productivity of investments and the riskless interest rate. The
analysis has policy implications as well as testable predictions.

DURING THE LAST TEN years the issues related to less developed countries’
(LLDCs) debt have become increasingly more important in the world economy.
The main reason for this is the significant increase in the amount of debt
outstanding and the consequent higher yearly interest payments. By 1988,
seventeen highly indebted countries had an aggregated debt of 510 billion
dollars (see Rogoff (1990)). A second important reason is that starting in 1982
some of these countries suspended debt service payments, creating a serious
crisis of confidence in the banking system of the lending countries.

As a cansequence, borrowers and lenders have had to engage in negotia-
tions including the rescheduling of the repayments and possibly partial
forgiveness. A number of papers have suggested that forgiveness could
conceivably make both lenders and borrowers better off because the country

* Schwartz and Zurita are from the Anderson Graduate Schaol of Management, University of
California, Los Angeles, and Zurita is also from the University of Chile. We would like to thank
seminar participants at Indiana, LSE, Stanford, UBC, and UCLA and in particular Dan Asquith,
Michael Brennan, Julian Franks, Navid Hirshleifer, Ron Giammarino, Narasimhan Jegadeesh,
Alan Kraus, Paul Pfleiderer, Richard Roll, Neal Stoughton, René Stulz, Ivo Welch, and Fred
Waeston for helpful suggestions and comments.
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will be more likely to pursue the type of investments that lead to higher
levels of output and therefore of debt repayment, if the banks are willing to
absorb a smaller part of the country’s output (see for example Sachs (1985,
1988), Kenen (1990), Portes (1987) and Krugman (1987b)). The “overhang” of
external debt creates a tax on new investment, as the debtor country realizes
that the creditor banks will be entitled to a share of any economic growth (see
Sachs (1990)). This underinvestment problem was first identified at the firm
level by Myers (1977}, and gives rise to a situation that resembles the ‘Laffer
curve' from tax policy, in which case creditors can increase their expected
repayments by forgiving part of the debt {(see Eaton (1990}}.

There is a second type of inefficiency that is peculiar to sovereign debt.
Given that governments are usually the main debtors in the highly indebted
countries, they will have incentives to keep a lower than optimal exchange
rate since increasing the value of the foreign currency will automatically
increase the budget deficit in local currency (see Dornbusch (1988)).

Another issue discussed in the literature is the possibility of indexing the
debt repayments either to a variable endogenous to the country, auch as
output or exports of the country, or to an exogenous variable, such as a
commodity price or interest rate. Lessard (1987) and Helpman (1987) argue
that output indexation may be an effective risk sharing device since lenders
are better able to diversify their portfolios than the horrowing country.
Krugman (1987a), however, points out that cobvicus moral hazard consid-
erations make indexation to an exogenous variable preferable. Froot,
Scharfstein and Stein (1989) suggest that an endogenous variable may still
be desirable when there is asymmetric information about some characteristie
of the country, since indexation to an endogenous variable may help to solve
the misrepresentation problem in a separating equilibrium.

The literature has also studied the repudiation decision of a sovereign
borrower based on reputation arguments. The benefit of a continued access to
the capital markets are compared against the cost of making the scheduled
repayments. For papers on this topic see Eaton and Gersovitz (1981a, 1981b),
Kletzer (1984), Grossman and Van Huyck (1988), Eaton, Gersovitz, and
Stiglitz (1986), Kulatilaka and Marcus (1986), and Chowdhry (1991).

Giammarino and Nosal (1991) look at the rescheduling problem and exam-
ine its efficiency with respect to investment opportunities which emerge
subsequent to a major default in existing debt.

As the above discussion indicates, the literature has mainly focused on the
problems that arise when a country that has borrowed in a previous period is
unable or unwilling to meet its debt obligations. An exception is a recent
paper by Bulow and Rogoff {(1989) who use Rubinstein’s (1982) bargaining
framework to develop a dynamic model in which renegotiation of the debt can
take place continuously and where the amount that the banks can bargain
out of the country in the future determines the masimum that the country is
initially allowed to borrow. Eaton and Gersovitz (1981a, 1981b} lock at the
initial loan contract and take into account the possibility of repudiation, but
do not consider the possibility of renegotiation.
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In this paper we develop a time consistent rational expectations madel
which analyzes the equilibrium loan contract between a borrowing country
and a foreign bank. The loan contract specifies both the amount of the loan
and the promised interest payments, and rationally reflects the investment
decisions of the country and the possibilities of renegotiation and repudiation
of the debt. An important feature of the model is that at the initial negotia-
tion of the loan there is uncertainty about whether the country will renegoti-
ate for partial forgiveness in the future, and whether it will eventually
repudiate the debt, even having successfully renegotiated. Moreover, the
probabilities of renegotiation and repudiation, and the amount of possible
forgiveness are endogenously determined. In the model the repudiation deci-
sion is directly related to the underinvestment prohlem; the objective of the
renegotiation is precisely to alleviate this problem. The maodel is used to
analyze the effects of four variables on both the optimal contract and the
country’s welfare: the degree of penalties that a bank can impose on a
defaulting country, the uncertainty of production, the productivity of invest-
ments and the rigkless interest rate. The analysis has policy implications as
well as testable predictions.

Underinvestment is more likely to he a problem in the case of sovereign
debt considered here than in the case of corporate debt originally studied by
Myers {1977), as in the case of countries it is more difficult to enforce
restrictive covenants on the debtors. For example, dividend restrictions at the
firm level are easier to enforce than consumption constraints at the country
level. While the underinvestment problem can be considered a good explana-
tion for the existence of restrictive loan covenants in the case of firms, these
covenants seem to go a long way in solving the problem.

The paper is organized as follows. In Section I we develop the model. In
Section I we present numerical simulations and comparative statics with
respect to key parameters of the model. Finally, in Section Il we summarize
the main results of the paper and suggest some empirical and policy implica-
tions of the model.

I. The Model

In this section we develop a three-period model which captures some of the
essential elements of the negotiation and renegotiation process for LDCs
debt. Figure 1 illustrates the sequence of events of the model. In Period 0 a
country agrees to take a loan from a bank to be repaid in Period 2. The loan is
used to finance an investment project, which requires an additional “mainte-
nance” investment in Period 1. In Period 1 the outcome of the Period 0
investment project is realized and the country decides whether to renegotiate
the debt or not. If the decision is positive the renegotiation process takes
" place and the country decides how much to reinvest. In Period 2 the outcome
of the Period 1 investment is realized and the country repays the debt.

The model considers three forms of uncertainty. The first source of uncer-
tainty relates to the productivity of the investments, the second to the costs of
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Figure 1. Chronology of the model.

renegotiation and the third to the “state of the world.” Neither the country
nor the bank know some productivity parameters when the initial negotiation
in Pericd 0 and the subsequent renegotiation in Period 1 take place, but the
country learns them before making the investments. The state of the world
and the costs of renegotiation in Periad 1 are unknown in Period 0 when the
debt is taken and the first investment is made. The realizations of these
random variables are learnt simultaneously by hoth the country and the bank
in Period 1 befare the renegotiation process takes place.

The produetion shocks that the country learns before making the invest-
ment decisions are meant to reflect the fact that after the negotiations, as
time goes by, the country gains more information pertinent to the productiv-
ity of its investments, and will use this information in its best interest. Even
though there i1s no asymmetric information at the time of the negotiations,
bath parties know that the country will have an informational advantage
when making the investment decisions.

Renegotiation is costly to the country, but dees not represent income for the
bank. The probability distribution of the renegotiation cost is common knowl-
edge in Period 0 and its realization is simultaneously observed by the bank
and the country in Period 1 before the renegotiation process starts. The
renegotiation cost summarize different types of costs that the country faces if
it renegotiates, all having in common that they do not represent income to
the bank: The verification costs of having a committee coming and checking
that the country has been adversely affected by external circumstances and
has real difficulties in honoring the initial contract, the transaction costs of
the renegatiation itself, and the loss in reputation that affects its trade credit
and its future access to the capital markets. This coast is important in our
model, because without it the country would always renegotiate, making the
promised debt payment irrelevant and the promised interest payment inde-
terminate. Renegotiation costs are random since this cost may depend upon
the situation of other highly indebted countries and upon the fiscal and
monetary policies followed by this country and by the others. The model also
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allows the bank to contribute to the renegotiation costs to facilitate the
renegotiation process in the case that the country would not, by itself,
renegotiate, and renegatiation is in the best interest of the bank.!

For simplicity we assume that there are only two possible states of the
world in Period 1, denoted by a and h, each one occurring with probability
0.5. This is modeled by assuming that in Period O there are two alternative
distributions for the productivity in Period 1. Both parties learn the state of
the world, i.e., the relevant distribution, in Period 1 hefore the renegotiation
process starts. The state uncertainty attempts to summarize the exogenous
future conditions of the world economy that affect the ability of the country to
pay its debt, and that determine the price of the commodity. The fact that
this source of uncertainty is symmetric in the model would make it possible
to design a contract contingent on the state of the world. Even though this
type of confract is more efficient, in this paper we assume that contracts
contingent on the state of the world are not possible, because even if the state
of nature is observable by both parties it may not bhe possible to validate it in
court, or, alternatively, because in reality there is a very large number of
states of the world, making such a contingent contract complex and expen-
sive. In essence, we focus on one way to alleviate the Myers underinvestment
problem: the possibility of renegotiation of the debt and we ahstract from
contracts that would eliminate the problem in the first place.’

Far tractability we will assume that both the eountry and the bank are risk
neutral.® The country is assumed to make its borrowing, investment, and
renegotiation decisions so as fo maximize the expected value of a linear
utility of consumption in Perieds 1 and 2. To simplify the problem and
without loss of generality, we have assumed that there is no consumption in
Period 0. The country's utility funetion can then be written as:

U(C,,Cy) = Cp + ply (1)

where C, and C, are consumptions in Periods 1 and 2, respectively, and p is
the time preference parameter.

We assume that the hank operates in a competitive environment so that in
equilibrium the terms of the loan will be set such that the bank's net
expected profits are zeto.

Let I, and I, be the investments in Periods 0 and 1, and X, and X, the
outputs of these investments in Periods 1 and 2, respectively. The outputs in
Periods 1 and 2 are given by:

X, =g(ly)e (2)
X, =g(l))eg (3}

! The Brady plan, unveiled by the Secretary of the Treasury Nichalas Brady in March 19889,
has endorsed the concept of voluntary debt reduction.

? Short-term deht may play a similar role in eliminating the underinvestment problem.

¥ By using a linear utility function we abstract from risk-sharing issues.
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where g(-) is the production function satisfying g(0) = 0, g’ > 0 and g" < 0,
and ¢, and £, represent stochastic shocks to the production process. When
the negotiation of the debt occurs in Period 0, both the hank and the country
know the probability distribution of £,. However, the country learns the
realization of £, before making the investment decision, also in Period 0.
Similarly, only the probability distribution of £, is known to both parties
when the renegotiation decision is made, but the country observes the
realization of ¢, before making the investment decision in Period 1.*

Let D, be the amount of loan given in Period 0, and D, the amount
contracted to be paid back in Period 2. The promised interest rate on the
loan, R, is given by (1 + R)? = D,/D,. We assume for simplicity that there
are no promised interest payments in Period 1. Let D represent the relevant
repayment obligation, defined as the original face value of the debt D, if
there is no renegotiation and the renegotiated face value of the debt, other-
wise. Our model assumes that the bank can imposed penalties an the country
in the event of default. These penalties include: (1) seizure of the country’s
overseas assets, (2) reduction of the country’s gains from trade since the bank
might seize payments to firms that attempt to export to the country and
payments made by firms that attempt to import from it, and (3) restricted
access to the capital markets in the future. These penalties are madeled as a
fraction £ of the country's total output. Therefore the actual payment of the
debt in Period 2, P, is given by:

P =min{D, 8X,} (4)

where 0 < 8 < 1.

We further assume that the bank is able to capture only a lower fraction «
of the country’s output. The lost product, (8 — a)X,, represents the adminis-
trative and legal costs of default and confiscation. It also can be interpreted
as a measure of the loss of reputation of the country in the event of default.
Therefore, the receipts of the bank in Period 2 are given by:

D ifP=D
R=1{Jx, itp<D (5)

where 0 < o < f < 1L

Bulow and Rogoff (1989b) argue that there are many uncertainties sur-
rounding the actual damage that a lender can inflict on a sovereign country,
and that this is a “gray area” in Western Law. Our assumption that the bank
can confiscate a fraction of the country’s output is more general than the
assumption of Froot, Scharfstein, and Stein (1989} who have a =8=1,
which is similar to Bulow and Rogoff {1989a).

We assume that in the event of renegotiation the country will pay the full
renegotiation costs if the total benefits that it derives from renegotiation are

* Since there is no consumption in Period 0, the investment in Period 0 is not affected by the
country’s observation of the productivity parameter.
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larger than the costs, and otherwise it will pay only its total benefits, with
the bank paying the difference.?
Consumption in Periods 1 and 2 is then given by:

C,=X -1 —c (6)

where ¢, represents the net cost of renegotiation for the country, i.e., zero if
there is no renegotiation, and the actual renegotiafion costs net of side
payments from the bank, if any, in the event that renegotiation accurs. The
actual renegotiation cost for the country is the minimum of the renegotiation
costs and the total henefits that the country obtains from renegotiation.

To avoid unnecessary notation we assume away endowment flows to the
country from other sources. Because of this, and sinee there is no consump-
tion in Period 0, the initial investment in Period O is financed entirely by the
loan (i.e., I, = D,). Also to simplify the algebra we assume that there are no
liquidity problems in Period 1, that is to say, we assume that the country will
have enough resources in Period 1 so that the optimal investment will be an
interior solution and consumption will be nonnegative. Either introducing
endowments flows from other sources or by apprapriately choosing the pa-
rameters of the problem we can make sure that this will be the ecase.

In what follows we will develop in detail a special case of the model. This is
done to provide a better intuition and to avoid excessive notafion. Consider a
square root production function and uniform distributed stochastie shocks to
production and renegotiation costs. That is:

X1=\/E31: X2=1/E52 (8)

e ~U(A, A+ y)), sy ~U{(AA +¥;) (9)

where y, is known in Period 0, and y, can take two possible values in Period
1, ¥4, and y,,, with equal probability. These values of y, summarize the two
possible states of the world in Period 1; the actual state of the world is learnt
in Peried 1; A represents a lower bound of the productivity of the invest-
ments. Let & represent the total renegotiation costs and K the maximum
value that this random variable can take:

k~ U0, K) (10)

Finally, we assume that £, £, and & are independent random variables.

The country is faced with three decisions. In sequential order they are: (1)
the negotiation of the debt and investment in Period 0, (2) the possible
renegotiation of the debt in Peried 1, and (3) the investment decision in
Period 1. In the spirit of dynamic programming we solve the problem back-
wards, starting with the productive decision in Period 1.

® Obvigusly, this is a particular specification. There are many other conceivable ways to divide
the surplus from the renegatiation.
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A, The Period 1 Investment Decision

We will analyze the investment decision in Period 1 in two steps. Initially
we agsume that the country will repay the debt D and we compute the
optimal investment in this case. Then we assume that the country will
repudiate the debt and we compute the optimal investment under these
conditions. Finally, we compare the two solutions to find the global optimum.

Ta determine the aptimal investment in Period 1 the country maximizes its
utility. This is equivalent to maximize the net present value (NPV) of the
Period 1 investment using as discount rate the time preference parameter:

It = argmax[ ~ I, + p(X, - P)] (11)

From equation (4) and equation (8), the optimal investment of equation (11)
for the no-default and default cases are respectively given by:

¥ = '.su'gmnau{[—l1 + p(\/fsg - D)] (12)
Iy = argmax| —1; + p(1 — BT, &, (13)

Figure 2A shows the NPV evaluated for the optimal investments (12) and
(13) for different values of £,. The intersection of these two curves defines a
threshold for &,, below which it is optimal for the country to default. This
critical value, denoted by z, is given hy:

_ 40 14
TV BE-p)e (14)

and clearly depends on the relevant repayment obligation, D.
The first order conditions in the two cases considered above give the
following global optimal investment policy:

2
5 ], if g, <2

[52»0 2

[52 p(l —pB)
I} (15}

— , atherwise
2

The second order condition for a maximum is always satisfied due to the
concavity of the production function. The output corresponding to this invest-
ment is:

2
eip(l —B) -
—2-— , e, <&

otherwise
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NPV %
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/d I
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A £ A+y 82

Figure 2. A, net present value. B, investment. C, production. D, payment, receipts.
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The country’s payment is then:

s30B(1-8) ;
I if g, <% (17)
D, otherwise
and the bank’s receipt is:
efpa(l—B) _
R={—""5 if g, < 2 (18)
D, otherwise

Note that the optimal invesimeni, the Period 2 production, the country’s
payment and the bank’s receipt, all functions of £,, are discontinuous at
£, = £, passing from the default solution to the no-default one. However, the
NPV in Period 1 from which the optimal investment is derived is continuous,
with the country being indifferent between the default and no-default solu-
tions at &, = . These functions are depicted in Figure 2.

The underinvestment problem arises when it is optimal for the country to
repudiate the debt (i.e., when £, < ). In this case, since the country will lose
a fraction A of its output, the incentives to invest decrease and the country
produces less than the socially optimal amount. In the case of total expropria-
tion ( 8 = 1), if the country invests, it will always invest the socially optimal
amount and the underinvestment problem will manifest itself in the possihil-
ity of the country not investing at all under certain circumstances.

B. The Renegotiation Process

The country has the option to initiate the renegotiation process by incur-
ring in a cost k. If the country asks for renegotiation, the bank will set the
optimal level of renegotiated debt, D*, taking into account the trade-off
between the probability of repayment and the amount repaid. Recall that at
the time of renegotiation in Period 1 both the state of nature and the
country’s cost of renegotiation are known, but the country has not yet
observed the realization of £,. Also, if the country finds it not worthwhile to
renegotiate, but the total benefits from renegotiation of the country and of the
bank combined are larger than the renegotiation cost %, then the bank will
find in its interest to give a side payment to the country to facilitate the
renegotiation process. In this circumstances the surplus of the country will be
zero, since the bank will give just the amount that will leave the country
indifferent between renegotiating and not. We say that in this second case
renegotiation is initiated by the bank.

In order to study the renegotiation process we first compute the bank’s
expected receipts, and then we campute the optimal level of renegotiated
deht, D*, as the level of debt that maximizes the expected receipt of the bank.
We use the results of the renegotiation to investigate in which cases renegoti-
ation will take place and when it will be initiated by the bank and when by
the country.
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Taking the expected value of (18} over the distribution of the stochastic
shock to production 4, it is possible fo obtain the bank’s expected receipts as
a function of the face value of the debt. Since z is positively related to D
there are three cases to consider:

Case 1. No-Default for Sure (¢ = A)

Since A is the lower bound for £,, ¢ < A implies that always £, = £. In
this case the debt will be repaid with probability 1, because the amount of
debt is small enough to always induce an efficient investment behavior. Thus,

ER(D)=D (19a}

Case 2. Uncertain Default (A <z <A + v,)

In this intermediate case there is some probability (less than 1) that the
debt will be repudiated:

M[ES_AS]JFE[AerQ—E], (19b)

ER(D) =
(D) 6y, Y3

Case 3. Default for Sure (2 A + y,)

Because A + y, is the upper bound for £,, in this case &, is always smaller
than z and the debt will be repudiated for sure. In this case the debt is large
enocugh to always induce the inefficient investment behavior. Since the debt
will always be repudiated the expected receipt of the bank is independent of
the face value of the debt:

ER(D) = pi(é%@[m +y,)° — A7 (19¢)

Figure 3 illustrates the expected bank’s receipts as a function of the face
value of the debt. Maximizing this expected receipt function with respect to
the debt level D we ohtain the optimal renegotiated debt D*:

(2~ B),
[33(2—3) —2a(-py| PPETH)
A 2 - - 2a(l —
pro| iy, > HLBE-B) ~ 20— p)] 20)

2B8(2-8)
lﬁ(Q—ﬁ)ﬂ

4

} A otherwise

Note that there are two possible solutions for the renegaotiated face value of
the debt. The first one corresponds to risky debt, i.e., debt that may eventu-
ally be repudiated. The second is the risk free debt solution. If the glabal
conditions of the economy summarized by y, are promising, the bank will
prefer the risky solution.
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No default Uncertain Default
for sure default for sure
Figure 3. Bank's expected receipt.,

Looking at Figure 3, the optimal renegotiated debt is risk free when the
maximum of the expected receipt function is attained at the end of the
no-default area; this occurs when the expected receipt function is decreasing
in all the uncertain default area.

In order to find out whether the country will decide to initiate a renegotia-
tion or not we first concentrate on the country’s benefits of the renegotiation.
To do this we compute its Period 1 expected utility for a given level of debt
and without considering the renegotiation costs, EV{D). We need to consider
the same three cases of (19).

Case 1. No-Default for Sure (z < A)

0?

EV(D) =X, +
V(D) =X, + 15—

[(A +30)° — 4% - oD (21a)

Cuse 2. Uncertain Default (A <2 <A + y,5)

[o(1-p8)]" _ p’ s -
EV(D}=X1+1—23}2"-"[£3HA3] +Ey—2'[(A +y2) —63]
pD
——[A +y, — F] (21h)

Yo
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Case 3. Default for Sure (22 A + v,)

[o(1 - 8)]°

T [(A +y,)° - A7 (21¢)

EV(D) =X, +

Figure 4 shows the country's Period 1 expected utility as a function of the

level of deht and not including the renegotiation costs. Both the country and

the bank anticipate the result of the renegotiation process, D*, and in order

to make the renegotiation decision they compare their respective situation

with and without renegotiation. The country's expected gain in utility in
Period 1 from renegotiation is:

v¢ = EV(D*) - EV(D,) (22)
and the bank’s expected gain from renegotiation in Period 2, discounted to
Periad 1, is:

ER(D*y — ER(D,)
a 1+r

vt (23)
where r is the rigk free rate of interest.

As described before we model the renegotiation process in the following
way: Renegotiation takes place if the benefits of the country and the bank
combined are higher than the renegotiation cost k. If the country’s benefits
are larger than the cost %k, then renegotiation is initiated by the country,
which pays the full costs k. Otherwise, if the renegotiation costs are higher

EV

==

No default Uncertain Default D
for sure default for sure

Figure 4. Country’s expected utility.
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than the country’s benefits but less than the global benefits, then the bank
initiates the renegotiation process by giving a side payment to the country
that leaves it just indifferent between renegotiation or not renegotiation. The
country rationally anticipates the outcome of the renegotiation process and
decides whether it is optimal to renegotiate, taking into account the renegoti-
ation eost and the amount to be forgiven, D), — D*. In order to make this
decision the country compares its utility with versus without renegotiation.

C. The Loan Negotiation

In Period 0 when the loan contract takes place, bath the country and the
bank face three sources of uncertainty: the state of the world, the cost of
renegotiation, and the productivity parameters. They will assess the probabil-
ities of every possible outcome and competition among hanks will lead to the
contract (D,, D,), which maximizes the expected utility of the country from
the set of contracts that yield a zero net profit for the hank.

In order to compute the expected utility of the country in Period 0 we need
to abtain the Period ( expected output and renegotiation costs in Period 1 and
the probabilities of renegotiation of the debt. The expected value of X, at
time O is:

E(X,) = Dy A+ 2 (24)

The country’s expected renegotiation cost at time 0 conditional on it
inttiating the renegotiation is:

R:

L4

m
5 (25)
where

m = min{ K, »°}
since the country will pay the renegotiation costs up to the total benefits that
it derives from the renegotiation.

The probability that renegotiation will occur is equal to the probability that
the total gains from renegotiation be less than the renegotiation costs:

¥+ v?
¢ = K
1, if v + vt > K

. € b
ifrve+ v <K (26)

Mare precisely, the probability that the renegotiation be initiated by the
country is:

<

¢)(_' = prOb(k < IJ'C) = E: if l—ff = K (27)

1, if v¥ > K
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And the probability that the renegotiation be initiated by the bank is:

0, ifvre> K
K- v*
, ifrecsK=<v + 0t
¢, = prob(v® <k < vt + pb) = K (28)
b
ra
?, if K > v‘:+vb

Note that in all these probabilities it is assumed that the country’s benefits
are positive. This would not the case when the optimal renegotiated debt is
higher than the current promised debt, but in this situation renegotiation
does not make sense.

In (21) we computed the Period 1 expected utility for the country excluding
the renegotiation cost and for any face value of the debt. Now we calculate
the Period 0 expected utility ineluding the renegotiation cost and incorporat-
ing the optimal renegotiation decision. If the country does not renegotiate, it
obtains the utility associated with the promised loan repayment D, . If it does
renegotiate, the country obtains a positive surplus only if it initiates the
renegotiation, since in the other case the bank will give the country a
payment that makes it indifferent between renegotiation or not renegotiation
of the debt. Then the Period 0 expected utility of the country for a given state
of the world and for a given loan contract is:

E[U(Dy, Dy)/y,] = EQLEV(D,)/y5] + ¢[v* — R,] (29)

where R, is defined in (25). The expected utility of the country in Period 0 for
the contract (Dy, D,) is equal to the expected value in Period 0 of the
expected utility of the same contract in Period 1 plus the expected surplus
from changing the terms of the contract. Equation (29) holds for each of the
two possible states of the world y,, and y,,. By the law of iterative
expectations the country’s unconditional expected utility for the contract
(D,, D,) is given by:

EQU()} = E(E[U(-)/y:1} = 0.6{E[U(") /35,1 + E[U()/¥25]}  (30)

In order to compute the Period O expected profits of the bank we need to
calculate the expected side payments to the country in order to facilitate
renegotiations. The bank’s expected renegotiation cost conditional on it initi-
ating the renegotiation is:

M-

= —— 31
Rb 9 1 ( )

where
M = min(K, v + v*)

since the bank will start paying for the renegotiation cost only after the
country has paid its total benefits from renegotiation, and the bank will pay
only up to the total benefits that it derives from the renegotiation.
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The Period 0 expected benefits of the bank as a function of the loan
contract and the state of nature are:

oy Ry La- b)ER(D,) + $ER(D")

E["’T(DOsDz)/yz] = =Dy - (1+r) (1 +r)2

(32)

where the first term is the initial loan, the second term is the expected Period
1 renegotiation expenses of the bank discounted at the risk free rate, and the
last term corresponds to the expected Period 2 receipt taking into account the
possibility of renegotiations and discounted at the risk free rate. Equation
(32) holds for the two possible states of the world y,, and y,,. By the law of
iterative expectations the bank’s unconditional expected profit for the con-
tract (D, D,) is:

E{w()} = E{E[7()/y:]} = 0.5{E[7 ("} /y3.] + E[7()/¥25]} (33)

Figure 5 illustrates the six possible outcomes in Period 2 for each state of
nature, determined by the country’s actions in Period 1: no renegotiation,
renegotiation initiated by the country, and renegotiation initiated by the
bank in the two different states of the world.

Bank's Receipt
Repudiation « Xz
Renegotiations iniu’axe.dé Full Repayment D;
/ By counry
¢ Repudiatian x X,
Renegatiations 4 Full Repayment D;

initiared by barks

Repudiatian e X
Nn renegattation 4 Full Repayment D,

(Danoe) Repudiatan « Xz
Renepatiatons initdated L Eull Repayment D;,
by cauntry

b Repudiation L XA
¢g — . Renegotiatians L Full Repayment ot
initiated by banks

1-42-¢2 : Repudiation e X
\ Ma renegatiations Full Repayment Dz

Figure 5. Outcomes and repayments.
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Finally, the equilibrium contract is obtained by:
(Dy, D) = argmax(EU() s.t. E(x()] = 0) (34)

The country will take this optimal loan contract if its expected utility with
the loan is greater than without it. Since we have assumed no endowments
this rationality constraint translates into the condition that the expected
utility of the optimal contract must be greater than zero.

Even for the simple case that we have heen considering, the maximization
of the expected utility of the country subject te the zero expected profits for
the bank in (30} gives rise to a nonlinear system of equations in D, and D,
which does not have a closed form solution and must be solved numerically.

IL. Comparative Statics

In this section we illustrate the nature of the equilibrium by numerically
solving for the optimal contract for a basic example defined by the set of
parameter values presented in Table I. We also investigate the effects on the
aptimal contract of perturbing the key parameters of the model.

The lower part of Table I reports the optimal contract for the basic
example, the equilibrium risky interest rate on the loan, and the country’s
expected utility for this contract. In this example the difference between the
risky interest rate and the riskless rate is 10.4% indicating a significant
probability of default since by assumption the bank’s expected profits are
Zero.

In the comparative statics analysis that follows we will focus on the
optimal contract and on the country’s expected utility for this optimal con-
tract. A debt contract is defined by two variables: the amount of the loan and
the contracted risky interest rate. These variables reflect the real and finan-
cial implications of the possibility of renegotiation and repudiation of

Table I
Parameter Values of Basic Example

Minimum production in Periods 1 and 2 (A) 1.5
Maximum production in Period 1 (A + y,} 35
Maximum production in Period 2 in state a (A + y,,) 3.0
Maximum production in Perjod 2 in state b { A + y,,) 4.0
Maximum reneggtiation costs (K) 0.01
Riskless interest rate (r) 0.05
Country’s penalty rate { 8} 0.55
Dead weight loss rate in case of default (8 — o) (.05
Time preference ( o} 0.95
Optimal contract

Optimal loan (D) 0.604

Promised payment (D) 0.804

Risky interest rate 0.154

Country’s expected utility 2.739
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sovereign debt contracts. Since the bank has zero expected profits, the
welfare implications of the analysis are captured by the country’s expected
utility. In other words, any increase in the country’s expected utility is Pareto
improving from a social point of view.

The comparative statics will be done with respect to four main parameters;
the degree of penalties that can be imposed on a defaulting country, the
production uncertainty of the investment projects, the productivity of the
investments and the risk free rate of interest.

In our model the degree of penalty that a bank can impose on a defaulting
country is given by the fraction 8 of Period 2 output that the country loses if
it does not pay its debt. Figure 6 shows the effect on the optimal contract of
changing the penalty rate 8 between 10% and 95% of output keeping all
other parameters as in Table I. As shown in the figure, when the penalty
Inereases from 10% to 30% the risky interest rate drops by more than 20%
and the amount of the loan more than doubles reflecting a dramatie decrease
in the riskiness of the loan. As penalties increase above 30% the optimal
amount borrowed increases at a decreasing rate reaching a maximum when
penalty rates are of the order of 60%. However, the risky interest rate
decreases consistently reaching a minimum of 7% when the penalty rate is
95%.

Both the drop in the interest rate and the increase in the amount of the
loan explain the sharp increase in the country’s expected utility when penal-

Paraltlee and Optimal Contract

n, Rigky Interasct Rato
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T

o : L 1 L 1 I L 1 A
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Pernaltles
0O Loan + Risky Interest Rata

Figure 6.
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ties increase from 10% to 30% observed in Figure 7. The most striking aspect
of this figure, however, is that there is an interior level of penalties that
maximizes the expected utility of the country. That is, there is a rate of
penalty that maximizes social welfare. Ex-ante the country is better of with
higher penalties since they give it a better access to the international credit
market. Ex-post, however, higher penalties may produce larger inefficiencies
in the investment decisions of the country lowering its expected utility. This
trade-off is responsible for the concavity of the expected utility curve. To the
extent that the level of penalties can be influenced by international regula-
tion, our analysis has important policy implications.

We measure the production uncertainty of the investments by the spread
between the maximum production attainable in the two possible state of the
world in Period 1. We investigate the effect on the optimal contract of
increasing the spread between these two variables from 0.2 to 2.0 while
keeping constant their mean. As can be seen in Figure 8, the risky interest
rate remains stable whereas the optimal amount of the loan deceases moder-
ately as the spread increases from 0.2 to 1.6. When the spread increases
above 1.6 the optimal contract jumps to a riskier equilibrium where both the
risky interest rate and the amount borrowed increase significantly. An
interesting result is that the country’s expected utility of the contract is
monctonically increasing with the uncertainty of the investments, reflecting
the option features imbedded in the investment projects. It is well known

Panaities and Wairare

Expactad LTIty

Panaitfasa

Figure 7.
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Uncor-talnty and Optimal Cantract
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Figure 8.

that the value of an option increases with the volatility of the underlying
asset; this result is preserved even in this situation where the bank is
charging an interest which reflects the risk of the project.

The productivity of the investments is measured by the minimum produc-
tion attainable. Changing this variable modifies the expected production
without changing production volatility. Not surprisingly, increasing this vari-
able results in higher expected utility and larger loans contracted at lower
interest rates. Optimal contracts for different levels of productivity are shown
in Figure 9.

The effects of changing the riskless interest rate on the optimal contract
are shown in Figure 10. As can be expected increases in this variable result
in lower expected utility for the country and smaller loans contracted at
higher risky interest rates.

III. Summary and Conclusions

In this paper we have developed a framework to study sovereign debt
starting from the initial negotiation process. Most of the literature up to date
has concentrated in the renegotiation stage once the country has fallen into
financial distress. Qur main contribution has been to model the possibility of
renegotiation and of repudiation of the debt and how it is taken into account
in the initial loan contract.
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Productivity and Cptimal Contract
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Figure 9.

The model allows us to determine the optimal amount of debt to borrow,
based on the production possibilities of the country, its time preferences and
the riskless interest rate prevailing in the world economy. In addition, we are
able to determine a meaningful promised interest rate even with the possibil-
ity of renegotiation. Te our knowledge this result has been absent from the
literature.

The factors that determine the penalties that the country experiences in
the event of default (summarized by the parameter 8) can he broadly
classified in two groups. The first one has to do with the characteristics of the
country or its exports. The second one relates to the international regulatory
environment. From this last perspective, considering 3 as a decision vari-
able, our model can be used to derive policy implications for international
regulation.® An implication of our model is that the higher the penalty that
can be imposed on the country in the event of default, the lower will be the
probahility of default, but the higher will be the underinvestment problem in
the event of default. Thus, comparative statics shows the existence of an
optimal penalty from a welfare point of view, which in our model translates

% In 1976 the United States passed the Foreign Severeign Immunities Act and in 1978 Great
Britain passed the similar State Immunity Act. By clarifying and strengthening the righs of the
creditor banks these laws made it easier for countries to borrow in the industrialized countries’
financial markets.
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into finding the value of 8 that maximizes the country’s utility of the
equilibrium contract.

Another interesting result of the model is that production uncertainty may
henefit the country since it increases the value of the options features
imbedded in its investment projects. This can occur in an equilibrium where
banks take into account the option elements hoth in the amount they lend
and in the interest rate they charge.

We have presented the discussion in the context of the less developed
countries which have already experienced financial distress. We believe,
though, that the arguments are equally relevant for considering possible new
loans to the countries of Eastern Europe.

By modelling the problem as a one bank-one country contract, we abstract
from issues of coordination and free rider problems that are present in the
LDC debt crisis. The problem is that even if it were beneficial for the lending
banks as a whole to forgive part of the debt, each bank will optimally try to
free ride in the forgiveness of the others. This can lead to a less than sacially
optimal amount of forgiveness. A related problem that we do not consider is
that of interdependence of renegotiations: when a bank renegotiates with any
particular country, it is really weighing the effects of any concessions, not just
with regards to that country, but also with regards to all the other countries
that might press for similar terms.

Signalling mechanisms are absent from our model since there is no asym-
metric information at the time of negotiations. This contrasts with Froot,
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Scharfstein and Stein (1989), where output indexation is used as a device for
a separating equilibrium in which the countries reveal their types.

Many of the features of cur model, and most models of LDCs debt, also
apply to local debt. There seems to be, however, some differences in the
mechanisms to deal with default at the local firm level, i.e., Chapter 11, and
we do not ohserve to the same degree some of these issues, such as forgive-
ness, raised in this context. The absence of bankruptcy law in the interna-
tional context means that debtor countries are unable to obtain a fresh start
by having unpaid obligations discharged by a court. The fresh start aspect of
bankruptey law establishes property rights to investments opportunities that
emerge. In contrast, sovereign borrowing can only be discharged through
repayment, repudiation or forgiveness (see Giammarino and Nosal (1991)).
This makes particularly relevant the study of underinvestment in the
sovereign debt context.

The model developed in this paper has some possible empirical implica-
tions. For example consider the parameter 8 which represents the fraction of
the total output that the country loses in the event of repudiation of the debt.
It is reasonable to interpret this parameter as a summary of all the factors
that determine the abhility of the bank to impose costs on the country if it
decides not to pay the debt: the international trade of the country (measured,
say, by the proportion of exportable in the total output), the dependence of
the country on international lending, ete. Because S varies across countries
and for a given country across time it could be possible to design both cross
sectional and time series tests of the effect of this factor on the equilibrium
contract. This is an interesting topic for further research.

Another line of empirical work comes from the possibility of parameterizing
the production technology by assuming, for example, that is of the Cobb-
Douglas type with parameter y:

Xy = (I1)?32

With this specification it may be possible to test the implications on the
optimal contract of different production functions, by estimating this parame-
ter in a cross section across countries.
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