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Abstract

A game between the IMF a country and atomistic private in-
vestors is motivated by recent crises including Argentina. The
one stage game has no Nash equilibrium in pure strategies. Con-
sidering an equilibrium in mixed strategies, conditions are derived
on whether the IMF should exist. A “cooperative first best” may
be supported in a repeated game by a “minimum punishment
strategy” but breaks down as the probability of insolvency rises.
Countries are likely to deviate in bad times placing the IMF in
an “impossible position”. The international financial architecture
(IFA) remains incomplete.
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1 Introduction

Recent crises in Latin America have highlighted the problem of sudden

stops in capital flows and the large costs for the countries concerned!.
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It is difficult in practice to draw a clear distinction between sudden
stops driven by fundamentals and pure liquidity "runs". Given the
potential large swings in private capital flows, the role of the IMF in the
region is particulartly important, but also particularly complex. If the
Fund feels uncomfortable with a country’s policy mix and withdraws
support, this is likely to provoke a capital flow reversal with serious
consequences. On the other hand, if it does not withdraw, it may
be accused of supporting unsustainable policies and provoking moral
hazard. The IMF has been much criticised of late but there is less
analysis of the strategic problem the Fund faces in attempting to support
good policies versus the repurcussions of the Fund withdrawing on large
and volatile private capital flows.

Broadly speaking, there are two schools of thought. The "moral haz-
ard school" stresses the perverse incentive problem created by insurance
type interventions in capital markets. Adherents point to the sheer size
of IMF led packages, the low emerging country spreads after the Mexican
1995 rescue and stress the idea that countries might consider packages
as substitutes to safer policies or reform. A second school, we name the
liquidity school, stresses a set of failures in capital markets; asymmetric
information between lenders and borrowers and co-ordination failures
between lenders giving rise to problems including multiple equilibria.
According to this view, financial markets are inherently unstable. An
IMF promise of liquidity may then solve lender coordination problems
and eliminate the incentives for investors to "run"?.

These two schools appear difficult to reconcile but in this paper a
simple model is developed that encompasses both. Runs may be a

result of fundamental or pure liquidity concerns although, at the time of

2 Arguably Meltzer (forthcoming) and Haldane and Krug (2000) fall into the moral
hazard camp while Calvo (2002) sides more with the liquidity school. FEichengreen
and Ruhl (2001) provide a model where moral hazard wins through and Ghosal and
Miller (2003)’s model has a similar tension between creditor coordination and moral
hazard as in our case. They consider a mixed strategy equilibrium where creditors
behave randomly. Their concern is more on CAC’s and SDRM'’s and less on the role
of the IMF and they do not consider a multi-stage game. Shin and Morris (2003)
and Corsetti et al (2003) have a different timing to ours in a one stage game and
suggest the IMF may not provoke moral hazard at all. We discuss these papers
further below.



the run, it is not known which. The IMF can provide protection against
pure liquidity runs but at the cost of moral hazard. It is suggested that,
as both schools are right, it is precisely the tension between them that
makes the task of the IMF so difficult.

To a large extent, the model and the discussion are motivated by
events in Argentina leading up to the crisis at the end of 2001. The ten-
sion between the moral hazard school and the liquidity school was partic-
ularly evident. Given policies adopted in Buenos Aires, the Fund became
uncomfortable with continuing support (moral hazard), but there was
also an acute awareness that withdrawal would provoke a liquidity run,
devaluation and default - the crisis that Argentina was precisely trying
to avoid (liquidity protection).

With a major IMF led support package in place at the end of 2000,
Argentina implemented more risky policies aimed at reviving the real
economy but with a decreasing probability of success - these policies
included a subsidy plan for exports and relaxing banking regulations
in an attempt to implement active monetary policy under the currency
board?. In March 2001, with the resignation of the second economy min-
ister in as many months, there is a strong argument that the IMF had
a decision to make; either support strongly or withdraw. But the per-
ception was that the IMF vacillated. Policy developments in Argentina
were assessed in terms of whether they would lead to IMF withdrawal.
The implementation of an ingeneous system of export subsidies and im-
port tariffs, raised the fear that this might be interpreted by the IMF
as a dual exchange rate regime and hence provide the excuse to end the
program*. This helped provide the trigger for a bank run. The run
was halted by the IMF package of August 2001. However, the economy
continued to deteriorate, tax revenues fell, IMF targets became unreal-
istic and depositors speculated again that the IMF would withdraw. A
final run sparked a set of bank controls in early December.

This sequence of events backs up the assumption that the IMF plays

3See Powell (2003) for more details
4This July 2001 policy used subsidies and tariffs determined by the dollar/euro
exchange rate



a significant coordinating role. Moreover, it supports the conclusions of
the analysis; that with an IMF program in place, Argentina had incen-
tives to adopt more risky policies as the situation deteriorated (moral
hazard) and that the IMF responded by vacillating between continuing
support or withdrawing. The analysis also suggests that the interna-
tional financial architecture (IFA) remains incomplete. The theoreti-
cal model is used to consider recent proposals such as collective action
clauses (CACs) and a bankruptcy procedure for countries (Sovereign
Default Restructuring Mechanism- SDRM).

The paper is organized as followings. In Section 2 a simple one
shot game is outlined. In section 3, we consider a repetition of the
game and address the uniqueness problem by showing that in a region of
parameter values the optimum policy for the Fund is a type of "minimum

punishment strategy". Section 4 concludes.

2 A model of country, IMF, private sector interac-

tions

We develop a simple game with the IMF, a country and a large number,
N, of small private investors. The game has 3 periods, and the timeline
is depicted in Figure 1°. In the first period, the N private investors offer
1/N via a debt contract to the country. We do not seek to explain why
this partricular contract is used here, we take that as a given. We assume
that if any individual private investor wishes to liquidate her position
at the end of the second (intermediate) period she may and in that case
the contract stipulates that she should be paid an intermediate payment,
r;/N, otherwise the contract pays /N at the end of the second period.
Later we will solve for r to make the interest rate endogenous but r; will
remain exogenous. We discuss below the implications of different levels
6

of ry. After the debt contract is offered, there then follows a simul-

®The terminology is that the game has three periods. Later, we refer to these
three periods as one stage in a multi stage game.

6Jeanne (2002) endogenizes elements of the debt contract in a one stage game
where moral hazard can be controlled as the country’s effort level can be observed
before an IMF package is agreed.



taneous game between the country and the IMF. Simultaneous play is
assumed to reflect the fact that countries cannot commit to particular
policies. Arguably, the IMF may be able to commit but it turns out it
would not want to; it has first-mover disadvantage. For simplicity, it
is assumed that the country and the IMF have only two choices. The
country can play either Safe or Risky and the IMF can play Assist or
no-Assist”8.
Figurel Here

First, consider the structure of the game without the IMF. If the
country plays Safe, it invests the money extended to it in a technology
that is relatively safe. This technology implies that if the project is
maintained until stage 3, then there is no possibility of "country insol-
vency". We assume that for the safe technology there is a probablity =
at the end of period 3 that the project returns h and a probability 1 —
that the project returns [ where h > [ > r. The safe technology then
implies no risk of insolvency. Moreover, we assume that if the country
can pay its debts then it will. In this sense the model is an "ability to
pay" model. The difference between ability to pay and willingness to
pay is not the focus of this game and indeed it makes little difference to
what follows which approach is chosen given certain conditions on the
cost of default which we address below.

While the safe technology implies no risk of insolvency if the project is
maintained until stage 3, the country may be subject to a "pure liquidity
problem". If the project is liquidated in period 2 we assume that the
project returns either a with probability x or b with probability 1 — x,
where a > r; > b. We assume that it is known whether the country

has a or b available for repayment?. This implies that if the country

Tt is easy to see the Fund’s first mover disadvantage. If the Fund commits to
Assist, then the country will choose Risky. If the IMF does not assist, the country
may chooses Safe. In both cases the Fund regrets what it did given the country’s
choice.

8The label Safe, refers to the fact that a country investing in the Safe technology
has a zero probability of a solvency problem whereas this is not true of a country
investing in the Risky technology. However, the Safe technology is not altogether
Safe as it turns out that the country may still be subject to a pure liquidity run and
hence default.

9However, whether the country chose Safe or Risky is private information of the



is unlucky, then the atomistic investors, that know that only b < r; is
available if the project is liquidated, may have an incentive to run. In
general there is a multiple equilbrium problem here. We will assume
in what follows that if there is a multiple equilibrium, investors will
run, 10,11

To be more precise, after the simultaneous game between the IMF
and the country is played, the N private sector investors decide whether
to liquidate their investments early. We assume a sequential service
constraint such that on liquidation payments are on a random first come
first served basis. Those who are lucky will receive the intermediate
payment 77 /N while the country has sufficient funds and the remainder
obtain zero. We assume that ex ante each of the IV investors has the
same probability of being one of the lucky ones and obtain the interim
payment. Each investor then has the probability b/r; of receiving the
interim payment r; and the expected return to each investor conditional
on the country being unlucky is b. Hence, if the country chooses the Safe
technology, with probability 1—x there will be a "pure liquidity run" and
the country will default and investors obtain an (expected) return of b,
even though if investors had not run, default would have been averted.
We assume that a country that defaults suffers an exogenous penalty
equal to F.

On the other hand, the Risky technology results in the possibility of
insolvency even if the project is maintained until completion but also
has a probability of a higher return. Suppose with probability y the
project yields a payoff of ¢ and with probability (1 — y) a payoff of
where ¢ > r > u such that with probability (1 — y), the country cannot
pay its debts if the project is maintained to completion. We assume

again that the project, if liquidated in period 2, returns either a or b

country

0nvestors might select the run or non-run equilibrium depending on a sunspot
variable - see Jeanne (2002) for a model incorporating this feature. In practice,
this simply implies adding another parameter. Indeed one interpretation of the
probability z would be that it already incorporates this second sunspot- derived
probability.

HLater, we develop a condition that shows when private investors will always run
if the country is unlucky such that there is no multiple equilibrium.



with the probabilities, y or (1 — y) respectively. As before, it is known
whether the country can obtain a or b if the project is liquidated at that
stage. Note then that all know how much the country has available in
the intermediate period, but only the country knows which technology
was adopted!'?. As above, if only b is available then investors will run
and the country will default. The difference is that in this case the
run happened on the road to insolvency, whereas in the case of the Safe
technology, it was a pure liquidity run. Only the country knows what
kind of run it faces. As before, if the country defaults, it suffers the same
default penalty, F'3.

Regarding the returns of the Risky and Safe technologies, we will
assume that yt > xh and that x > y . The second inequality implies
that the probability that the Risky technology is successful is less than
the probability that the Safe technology is successful. The first inequality
implies that, conditional on success, the return on the Risky project is
higher than that of the Safe project. We consider that these are natural
conditions for what is meant by Risky and Safe'?.

In period 3, everything is revealed and debts are paid if they can be
paid. At the end of period 3, everyone knows how the country played
(Risky or Safe) and everyone knows whether the project returned the
higher or the lower return appropriate to the technology selected. If the
country has the resources to pay off its debts, then it is assumed that it
will do so. However, we note that the country cannot arrive at period 3

with insufficient resources. In that case, the country would have already

12 A more complex specification might be with two continuous distributions for the
intermediate payoff from the Safe and Risky technologies and the known resources
available in the intermediate period then being a noisy signal on those distributions.

13In order for the country to want to pay its debts if it can, formally we require
that F' > r. We will generally assume that this is the case. In the spirit of Dooley
and Verma (2003), following Bolton and Scharfstein (2000), otherwise a country may
be insolvent and simply cannot pay its debt. Another specification would have F' as
a function of country income (due to the increased cost of sanctions, the possibility of
attaching assets or for political motives) such that for F(y(¢)), F(y(h)), F(y(l)) > r
but F((u)) < r and hence a country defaults in period 3 if it prefers not to repay in
the spirit of a "willingness to pay" model.

14These assumptions are consistent with the expected return on each technology
being equal and the Risky technology a mean preserving spread of the Safe, but are
less restrictive.



defaulted in period 2.

Now, let us turn to the role of the IMF. If the IMF Assists then this
is taken to mean that the IMF offers the country an irrevocable Stand-
by which the country can use in the intermediate or final period of the
game. As the IMF does not know whether the country has chosen the
Risky or Safe technology, the Stand-by cannot be made conditional on
that action. Further we assume that the amount of the Stand-by is fixed
at c¢. An interesting issue is whether a Stand-by can be designed that
solves the liquidity problem but does not lead to a "bail out" in the case
that the Risky technology fails (we refer to this as an efficient Stand-by).
This is possible if r —wu > r; —b. It seems natural to think that u > b, if
not why would the country carry the project through to the final period?
An efficient Stand-by then requires r; < r. If r; = r, this is akin to the
country having to roll over the whole debt in the intermediate period.
An efficient Stand-by is then impossible. If r; = 0, this is akin to a
two period debt contract with no intermediate payment and hence, by
definition, there is no liquidity problem. This suggests the IMF might
insist on r; < r 4+ b — u, (which might be thought of as a minimum
length of debt maturity) and offer an efficient Stand-by. However, as
a country’s fundamentals deteriorate, debt maturities will shorten and
at some point it appears inevitable that this limit will be breached. We
therefore assume that this condition is not met!®.

Consistent with the spirit of this ability to pay model, we further
assume that the Stand-by is used only if the country actually needs
to use the funds. Hence, if the IMF Assists and the country plays
Safe, then it turns out that the Stand-by will be simply preventative
in nature. Given that the liquidity is available if the country needs it,
this will ensure that the run equilibrium no longer exists and so no run
will actually occur and the country will not actually need the IMF’s
funds. However, if the country chooses the Risky technology and is

unlucky, the Stand-by will again protect the country against the run

15 Another way to think about this point, is that the analysis is of a country where
there are serious concerns regarding debt payment capacity and short debt maturi-
ties.



equilibrium in the intermediate period and will also protect the country
against insolvency at the end of period 3. We assume that the country
will then use the Stand-by to pay off (bail out) the private investors.
The bottom line is that IMF is playing a dual role in this model.
As the liquidity school would have it, there is a role of the IMF in
correcting a type of market failure or externality, namely the possibility
of a liquidity run. On the other hand, and in line with the moral hazard
school, the IMF also may end up bailing out private sector investors and,

as we shall see, thereby creating moral hazard.

2.1 The Country’s Payoffs

We are now in a position to think about the payoffs in the simultaneous
game between the country and the IMF. The country can play either
Safe or Risky and the IMF can play Assist or No-Assist. Then nature
plays (good versus bad luck) and depending on the outcome, the private
sector may run in the intermediate period. We can then write the ex-
pected payoffs for the four outcomes for the Country /IMF simultaneous
game. We label these four outcomes: (1) The First Best, (2) Moral
Hazard (3) On Your Own and (4) the Worst Case.

1. The First Best

In the First Best the country plays Safe and the IMF Assists. The
payoff to the country is:

A=zh+(1—-z)l—r (1)

where we know that the project is never liquidated early and z
is the probabilty of the technology being successful and r is the
loan repayment to the private sector (we assume zero discounting
between the different stages of the one-shot game). Note that
although the IMF offers a Stand-by, these resources are not dis-

bursed.

2. Moral Hazard



This outcome refers to the case where the IMF Assists and the

country plays Risky. The payoff is:

C=yt+(1—-y)lc+u)—r (2)

where ¢ is the cash received from the IMF in the case where the

country is unlucky and the project fails.

3. On Your Own

This outcome is where the country plays Safe and the IMF re-
sponds with No Assist. The payoff is:

B=zh—-r)—(1—2a)F (3)

where in the case that the country is lucky and the project is
successful, the country can pay off its private creditors at the end
of the period. However if the country is unlucky, with probability
1 — x, there is a liquidity run and the country defaults. The cost

of default is given by F.

4. The Worst Case

The Worst Case is when the country plays Risky and the IMF does
not Assist. The payoff is given by:

D=y(t—r)-(1-y¥F (4)

where again if the country is lucky (with probability, y), the coun-
try keeps the rewards of the project on completion and pays off
private creditors. However, if the country is unlucky, there will

be a liquidity run and the country defaults'S.

2.2 The IMF’s Payoffs

We assume that the IMF essentially has the country’s best interest at
heart but with just one difference. We assume that the IMF does not

16Bringing forward a solvency problem in period 3.
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like the Moral Hazard outcome and hence has some disutility attached
to that particular outcome relative to the country payoffs. We justify
this as it is only in this case that IMF resources actually used. The
parameter may then be thought of as the cost to the Fund from its own

financing requirement. The payoffs for the IMF are then simply:

1. The First Best

A=zh+(1—-a)l—r (5)
2. Moral Hazard
C—-A=yt+{1—y)(c+u)—r—2A (6)
3. On Your Own
B=x(h—-r)—(1—2x)F (7)
4. The Worst Case
D=y(t—r)-(1-y¥F (8)

Where A is the cost to the IMF of supporting a country that plays
Risky and potentially needing to draw down on the Stand-by, not
for liquidity but for solvency purposes. We illustrate the payoffs

in a simple 2*2 matrix in Figure 2.

Figure 2 Here

2.3 Equilibria

We suggest that there is no pure strategy Nash equilibrium to this game.
Recently, there has been much discussion regarding the role of the IMF,
but the idea that there is no pure strategy equilibrium to a very basic
game of country /IMF interactions has not been suggested.

In particular, note that A > B, as [ —r > —F. So this condition is
clearly satisifed. Note that for there to be moral hazard C' > A. This

is natural. If the IMF protects the country against downside risk and,

11



conditional on success, the return is higher on the Risky technology than
the Safe, then the country will prefer Risky to Safe if the IMF grants
a Stand-by. Note that if there is no moral hazard then the First Best
would be a pure strategy Nash equilibrium and there is no real problem.
It also seems reasonable to assume that A will be such that the IMF
will prefer not to Asisit if the country prefers Risky (C' — A < D) or
A>yr+ (1 —y)(c—u+ F)'" .Finally we assume that B > D. This

condition implies an interesting condition on F, namely that:

(9)

We assumed that yt > zh and z > y and hence the fraction in (9)
is positive. Note that as x tends to y from above, F' has to be large
for this condition to be satisfied. In defense of this condition, we note
that if it is not satisfied, the Worst Case where countries choose Risky
strategies and the IMF becomes irrelevant will be the pure strategy
Nash equilibrium which we find unrealistic. Second, much of the recent
debate has stressed that the cost of default is indeed very high, and
recent proposals on financial architecture reform take this as a starting
point. Indeed if the condition is not met, the whole debate on collective
action clauses to reduce default costs is totally misguided. We then
presume that the condition above is met!'®.

It follows that if A > B,C > A,C — A < D, B > D then there is no
Nash equilibrium in pure strategies. However, as is well known, there is
a unique equilibrium in mixed strategies. It is straightforward to show
that in the mixed strategy equilibrium, the country plays Safe with a
probability ¢ given by:

I7Tf this is not the case then the Moral Hazard outcome may be a pure strategy
Nash equilibrium. This is rouhgly the assumption in Eichengreen and Ruhl (2000).
However, given that the IMF decided to pull out of both Russia and Argentina
this view is questionable. In the case of Argentina, private sector spreads were at
3000 basis points over US Treasuries, 1-2 months before the default - hardly levels
expecting another bail-out.

'® Another way to think of the condition is a restriction on z and y ie: £ > =

12



B D—(C—-)
"D _(C—N+(A-B)

where 0 < ¢ < 1. The probability that the IMF plays Assist is given
by p such that:

B B-D
~ B—D+(C - A)

p

where 0 < p < 1. We note that in the mixed strategy equilibirum
there is a positive probability of IMF assistance and the country choosing
Risky (with probability p(1—¢)) and a possibility that the country suffers
a pure liquidity run with probability ¢(1 — p)(1 — z) and a possibility
that the country suffers a liquidity run because of an underlying problem
of insolvency with probability (1 — ¢)(1 —p)(1 — y).

Now let us consider the returns to the private investors. It follows
that they now have a probability of, S = p + (1 — p)(¢z + (1 — q)y)
of obtaining the return r (if the country is assisted or if the country
is not assisted but is lucky, either with the Safe or Risky technology.
However, if the country is not assisted and is unlucky it will only have
resources b and will suffer a liquidity run. In that case some lucky
investors, b/r; will obtain the promised intermediate return r; and the
remainder, it is assumed here, will obtain zero. Hence in the case
of no IMF assistance and bad luck which will happen with probabiltiy
(1 —S) the expected return will be r;b/r; = b. Assume risk neutrality
and a perfectly competitive market for investors, the return r that they

demand is given by :
rS+b6(1—-95)=rp

where rp is the risk-free rate. It is easy to show that this can be

re-written as:

(rp —b)(1—=5)
S

r=rr+

13



It is clear that (rp — b) must be positive, so this equation says that
the return demanded by private sector investors is the risk free rate plus
a risk premium. The higher is b, (expected return in the worst case ie:
a liquidity run) then the lower is the risk premium. The higher is S,
the probability that the private sector will receive the full contractural
payment at the end of period 3, then again the lower will be the risk pre-
mium. This equation then allows us to investigate how different changes
in the underlying parameters might affect a country’s risk premium.

One interesting feature is how the probability that a country plays
Safe depends on the parameter \. It is easy to show that% > 09, As
the IMF more strongly dislikes having its resources used, then this will
increase the probability that a country will play Safe, yielding one inter-
pretation of the activities of "moral hazard school" economists!

Now, consider the welfare of the players. Welfare of the country,
We, and of the IMF, Wi, r, are given by:

WC:pA+(1—p)B

Wivrp =qB+ (1 —q)D

respectively. It turns out that as the cost of default, F', is reduced
- which might be thought of as the introduction of collection action
clauses (CACs) - change in country welfare is ambigious. As the cost
of default falls, the probability of IMF assistance falls, the probability
that the country plays Risky increases and the interest rate charged by
the private sector rises. However, if the country actually defaults this
is less costly. The implication is that there may be an optimum cost of
default - although the optimal cost of default, for the country, will be
different to that chosen by the IMF!

Now consider whether the IMF should exist! If there were no IMF,

yt—xh
=y

hence the interest rate that the private sector would demand would be

assuming F' > r + , the country would choose to play Safe and

given by:

19 dg _ A-B
In fact 7% = (B—D+C—A)?

14



(rr —b)(1 —2)

Ty =Tp +

Whether r, < r turns out to depend on the paremeters of the model.
It is clear from the equations above that r, < r as x > 5, and this turns

out to be the case if:

(10)

which can be thought of as a critical value of the probability, p. where
it is clear that 0 < p. < 1. If the probability of IMF assistance is greater
than this critical value then the interest rate that the private investors
will demand will be less given the existence of the IMF than otherwise.
Note that this is more likely the larger is x relative to y and as = tends
to unity.

For the country to be better off with the IMF, the welfare in the
mixed strategy equilibrium (with interest rate r) should be greater than
B, where this indicates the payoff B but calculated with the interest rate
demanded by the private sector equal to r,.The welfare of the country in
the mixed strategy equilibrium is just pA,+(1—p)B, where A, > B, and
where the subscript r is to remind us that these payoffs are evaluated
at interest rate, r. A sufficient condition that the IMF improves the
welfare of the country is then very simply that r, > r or p > p..

Now, consider whether the IMF would prefer that the IMF did not
exist! The IMF welfare without the IMF is just B, whereas the welfare
of the IMF in the mixed strategy equilibirum is ¢B, + (1 — ¢)D,. As
D < B, a sufficient condition that the IMF should not exist (for the
IMF), is that r, < r or equivalently p < p.. In that case the IMF would
prefer that the IMF did not exist. The conclusion is that for the IMF to
have a useful role, r, < r or p > p.. This is sufficient to improve country
welfare and necessary to improve the IMF’s welfare. Only an active IMF
that intervenes with at least a certain probability and reduces interest
rates sufficiently then has a role. We note that simplistically pointing
to low emerging market risk spreads as evidence of "moral hazard" is
then misguided: it is only if the IMF reduces interest rates that the IMF

15



has a valid role!
The necessary and sufficient condition that the IMF should exist (for
the IMF) is that:

yt — xh
— (1)

This says that for the IMF to have a role r must be less than r, by a

(z —vy)

r<r,—(1-gq) [F—r—

(positive) margin that increases with F?°. Relating this to the debate on
collective action clauses, if currently the cost of default is very high, then
reducing the cost of default through CACs implies that this condition
is less strict increasing the set of parameter values for which the IMF
should reduce interest rates to ensure that the IMF has a useful role.
However, if collective action clauses reduce the cost of default too much,
then the equilibrium of the one shot game is no longer in mixed strategies
but rather becomes the Worst Case pure strategy equilibrium where the

country plays Risky, the IMF does not assist and the IMF has no role.

It is helpful to present a numerical example. In Figure 3 we present
a set, of reasonable parameter values. We find that for these parameter
values the probability that the country would play safe, ¢, is 78% and
that the IMF would assist, p, is 68% in the mixed strategy equilibrium.
The (net) interest rate that the private sector would charge is 15%. We
find that the probability S is 94% ie: there is a 94% chance that the
private sector would not run and would receive the final payout of 15%.
These results imply that there is about a 53% chance (78% x68%) of the
IMF solving a pure liquidity problem and a 15% chance (68%%22%) that
the IMF will assist and the country play Risky (Moral Hazard) and a 3%
chance, (68% = 22% * 20%) chance that the IMF will bail out a country
that has adopted a Risky strategy and has been unlucky. In this case, we
find that the critical probability for IMF existence, from the standpoint
of the country, is that p should be greater than 30% as this ensures that

the interest rate in the mixed strategy equilibrium is less than the interest

20Tf the cost of default is just equal to the critical value to ensure the mixed strategy
equilibrium ( F =r + %)7 then the necessary and sufficient condition reduces to
the sufficient condition. However, if the cost of default is higher, then the necessary
and sufficient condition for the IMF to exist is stricter.
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rate with no IMF. As p = 68%, the condition is satisfied. If the IMF
did not exist, the gross interest rate that the private sector would charge
in the country with these parameters (in the On Your Own outcome of
the game) would be 1.3125 (calculated as 1.05 + 1.05 % (0.2/0.8)). The
right hand side of equation (12), evaluated with with these parameters

yields 1.3087 and so we find that the necessary and sufficient condition
that the IMF should exist, for the IMF, is just satisfied!

Figure 3 Here

However, we find that the IMF would not always wish the IMF to
exist. In the graph illustrated we keep the same basic parameters that
imply that the interest rate charged by the private sector with no IMF,
remains at 1.3125 and vary F and A. In general we find that high
values of A and lower values of F' support the existence of the IMF.
Interestingly, a tougher IMF that places a high weight on the use of its

funds, has a greater chance having a valid role.

3 Repeating the Game

In this section we investigate repeating the game described above which
we now refer to as one stage of a multi-stage game?'. The literature
on repeated games has not offered robust conclusions on strategies, due
to problems of indeterminacy, but in order to seek conclusions on the
international financial architecture it appears important to make an at-
tempt as a one stage game is clearly a poor representation of complex
country /IMF dynamic relations?>. The one stage game does have char-
acteristics that, with some additional assumptions, allow us to make
some progress.

Note that the First Best is the best outcome for the IMF and is better

than the unique mixed strategy equilibrium (MSE) for the country. This

2I'We assume no discounting between the three periods of the sub-game but we do
include discounting between the stages of the multi-stage game.

22 And while the folk theorem tells us about payoffs, it tells us little about strategies.
See Binmore (1992) for a lively discussion and Fudenberg and Maskin (1986) for
technical details and discussion.
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implies that the IMF may seek to gain the cooperation of the country
to obtain the First Best under the threat that otherwise the outcome
will be the MSE. More specifically, we consider two possibilities. First,
we consider a "grim trigger" strategy, ie: the IMF’s threat is the MSE
forever. This is a useful exercise for what follows. Second, we consider
the IMF playing a minimum punishment strategy (MPS). We are not
necessarily suggesting that these are realistic description of what the
IMF actually does, however, we claim that the MPS may be optimal
and it is a useful benchmark. Moreover, certain characteristics of the
equilibrium carry over to a wider range of strategies and we claim that
those characteristics closely match relations between Argentina and the
IMF and that there are interesting implications for the international

financial architecture.

3.1 The IMF plays a grim trigger strategy

We first presume that the IMF can offer the country the First Best cou-
pled with the threat that if the country deviates to play Risky, then the
IMF will respond with the Nash (mixed strategy) equilibrium forever?3.
For the First Best to be supported it must be that, for the country play-
ing Safe forever and obtaining A each stage, is preferred to deviating
and obtaining C' in one stage and then obtaining the welfare from the

Nash equilbrium, We for the rest of time?*. Hence:

A SWe
=5 YT,

where ¢ is the discount factor between the different stages. As is stan-

(12)

dard, this can be rearranged to show that the First Best is supported

when a country is sufficiently patient:

23We do not analyze here whether the IMF would actually wish to implement the
grim trigger strategy forever once the country had deviated. We assume that this is
the case because, for example, the IMF is dealing with many countries at the same
time and is concerned about its reputation.

24We assume that the IMF can only punish on having seen deviation not on the
possible anticipation of deviation.
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- Cc—-A
C—We
where C' > A > W and this critical 6 < 1. Substituting in for the

payoffs and some algebra this can be written as:

5 (13)

(I—a)(F+1-1)
1=0)(F+u+c—r)

(I-y) < ( (14)

A critical value of 1 — y (the probabilty of insolvency) is interesting
as if a country’s fundamentals are deteriorating, we would expect 1 — y
to be rising. Hence a country would tend to deviate as its fundamentals
deteriorate. The intuition behind this result is that with deteriorating
fundamentals, a country would expect to be assisted with higher prob-
ability in the MSE ie: ﬁ > (0. While this discussion is of interest,
it reveals a shortcoming of the analysis, as if y could change, surely the
players would take that into account ex ante. In the next section we
take account of this and show that the IMF may then wish to adopt a

minimum punishment strategy.

3.2 A minimum punishment strategy equilibrium?

Suppose that y can take on 2 values, ygy and y;, (yg > yr) and that there
is a symmetric probability transition matrix such that the probability
of y remaining in its current state is z and of changing state is 1 — 22°.
There is now a possibility that the IMF may wish to adopt a punishment
strategy that (just) ensures cooperation if y = yy and admits the fact
that the country will deviate if y = y,.We maintain our assumption that
the IMF cannot punish a country that has not actually deviated and we
also assume for that the IMF cannot condition its punishment on the
current state of y. In particular this rules out the IMF punishing a coun-

7

try more if its fundamentals are weaker.?”. Assume that we start in the

25The minimum punishment strategy is associated with Green and Porter (1984)
- see also the discussion in Tirole (1988), section 6.7.1 pages 262-265.

26We might consider z > 0.5 suggesting persistence.

2"Mussa (forthcoming) presents an interesting discussion of the relations between
Argentina and the IMF explaining why the IMF did not abandon its program earlier
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First Best and that y = yy. There may be some minimum punishment
that the IMF can apply (which we will specify as a minimum number
of periods, N*, of the mixed strategy Nash equilibrium of the one-stage
game), that ensures that it is in the best interest of the country to con-
tinue to play the First Best if y = yy but that there is no alternative
to deviation if y = y,, (in other words even if the IMF played the mixed
strategy Nash equilibrium of the one stage game forever - the grim trig-
ger -then that would not be enough to ensure cooperation at y = y).
This minimum punishment strategy would be an optimal strategy for
the IMF, in the sense that it would yield the best outcome as often as
possible at a minimal punishment cost. The equilibrium strategies for

the country and the IMF are then as follows:

1. The Country’s Strategy: If the IMF played Assist and y = vy,
then the country will cooperate (play Safe) this period. If the
IMF played Assist last period and y = yy, then the country will
defect (play Risky). If the country played Risky (and the IMF
played Assist) last period then the Country will play Safe and
Risky according to the mixed strategy equilibrium of the one shot
game for N* periods after which, if y = yg it will return to playing

Safe or if y =y, it will again play Risky.

2. The IMF: If the country played Safe last period, the IMF will play
Assist (cooperate). If the country played Risky last period, then
the IMF will play Assist and No Assist according to the mixed
strategy equilibrium of the one shot game for N* periods. The
following period the IMF will play Assist.

We then define the following:
1. The value function of cooperating when y = yy
VC/H =A+ (5(ZVC/H + (1 - Z)VD/L) (15)

where the C'/H subscript indicates cooperation when y = yy and

which would precisely support this assumption.
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D/L defection when y = y;,. What this says is that the value
of cooperating today when y = yy is the payoff from this period,
A, plus the discounted value of cooperating tomorrow (if y = yg

tomorrow) and defecting tomorrow (if y = y;, tomorrow).

2. The value function of defecting when y = yy
Vou = Cu + 6(Vap/u) (16)

where the M P subscript indicates the minimum punishment and
Vipyr is the value function of the minimum punishment strategy

starting at y = yp.

3. The value function of cooperating when y = y,

VC/L = AL + 5(ZVD/L + (1 - Z)VC/H) (17)

4. The value function of defecting when y =y,
Vo = Cr+6(Vapyr) (18)

where Vy/p)r, is the value of the minimum punishment starting at
Yy=1YyL.

It can be shown that:

]_ - N* *
VMP/L = 1_ 5 (ZWL+ (1 —Z)WH) —|—5N (ZVD/L+ (1 —Z)Vc/H) (19)

where W, is the payoff to the country in the mixed strategy equilib-
rium with y = y; and Wy the payoff in the mixed strategy equilibrium

when y = yp.

1 - N* *
VMP/H = 1 _5 (ZWH+(1—Z>WL>+5N (ZVC/H+(1—Z)VD/L) (20)
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For the equilibrium proposed we need to show that:

Vern > Vora (21)

and that

Verr < Vi (22)

The equations (17)-(24) define a recursive system with no analytical
solution. However, we can make progress by considering applying the
grim punishment strategy studied in the previous section. If the grim
punishment is tough enough to get cooperation at y = yy but not tough
enough to obtain coperation at y = y; then the minimum punishment
strategy equilibrium exists and we claim it is optimal at least in the class
of strategies that involve repetitions of the MSE of the one stage game as
punishment®. Hence, we replace the Vyp/r, and Vi p/g with Vg7, and
Viyu (where the G subscript is for grim) and then investigate the region
of parameter values where (23) and then (24) just hold. Solving the
above system for regions of the parameters z and § where the minimum
punishment strategy equilibrium exists, or more specifically, considering
the constraint V1, = Vo, setting Virp/r = Vo and Viyrprg = Vg
we find that:

B Cp— A
—CL—WLZ—WH(l—Z)

Where C}, is the payoff to deviation (the moral hazard outcome)

5 (23)

when y = y.?°. This equation then gives a boundary of critical values of
0 for different values of z such that the grim punishment strategy just
allows cooperation when y = y;,. When § exceeds this critical value

then cooperation at y = y; becomes feasible and hence the minimum

28We have specified the punishment strategy as a number of periods of the one shot
game Nash equilibrium mixed strategies. Formally there is then an integer problem
that we disregard.

29We note that A the payoff to the country and the IMF in the First Best is the
same whether y = yy or y = y;, as the country is playing Safe and the interest rate
charged by the private sector is the risk free rate as the country is cooperating and
the IMF is Assisting implying a zero probability of default.
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punishment strategy equilibrium breaks down. For the condition Vp /i =

Veyr and setting Vip g =Vi/i we find that:

A+ (1=2)%0(Cr+ 15 (Wr(1 — 2) + Wgz) S(Wi(1 — 2) + Wyz)
(1— ;5) = CH* 1-6
(24)

which yields a quadratic solution for ¢ in terms of z as follows:

5 — _ M+ (M)2 — 4(01-] — A)(CL<1 — Z) + CHZ — WH + 22’(1 — Z)(WH — WL)
N Z(CL(I—Z>+CHZ—WH+22(1—2)(WH—WL>
(25)
where:

M=Cyg(l+2)+Cr(l—2)—W,(1l—2)—Wgyz

and where Cy is the payoff to deviation (the moral hazard outcome)
when y = yy. We find in numerical simulations that the second root
tends to return values of § > 1, so we focus our attention on the first
root.

Interestingly, the two schedules intersect and we find simple expres-
sions for § and for z,in terms of the parameters at that point of inter-
section:

A(CH —Cp+ Wy — WL) +C Wy, — CygWy

o (24— Cy — Cr)(Wy — W) (26)

_ Cyg+CrL—2A
Oy +CL =Wy =W,

In the appendix we provide a condition such that the solutions for

5 (27)

z and ¢ are both between zero and one and where the minimum pun-
ishment strategy equilibrium exists. To illustrate, consider a numerical
example where we trace out the two boundaries as functions of z and 9

and mark where the MPS equilibrium exists:

Figure 4 Here
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Figure 4 plots the two boundaries (with z on the X-axis and ¢ on
the Y-axis) and as shown they do indeed intersect in the space 0 < z <
1,0 < 0 < 1. To the right of this intersection between the two curves is
the region where the minimum punishment strategy exsts and is optimal.
Above this region, cooperation has become feasible at y = y; and hence
a punishment strategy that also ensures cooperation at that point may
be preferred and below the lower curve cooperation is infeasbible even

with the grim trigger strategy at vy = yg.

4 Implications for the International Financial Ar-

chitecture

In this concluding section, we relate the results to Latin America and
implications for the international financial architecture. In the one
stage game there is a unique Nash equilibrium, but in mixed rather
than pure strategies. This implies that if cooperation cannot develop,
the IMF is in a difficult position. On the one hand, the Fund would
like to provide liquidity protection and stabilize capital markets but on
the other hand it fears moral hazard. The equilibrium is where it
assists with some probability less than one in order to keep countries
guessing and reduce the moral hazard problem. One interpretation is
that when policy makers stress the importance of a case by case approach
or central bankers speak in favour of construtive ambiguity, they are in
fact admitting the need for a mixed strategy>’.

Two recent papers (Morris and Shin (2003) and Corsetti et al (2003))
suggest that the IMF by providing liquidity support may be catalytic
in promoting reforms rather than there being an inevitable tension be-
tween the two. There are key differences between their approach and that
analysed above. First, both papers employ a "global game technology"
with a lack of common knowledge and thus the models have a unique

equilibrium where investors run or stay depending on a signal on a fun-

30There are perhaps two interpretations of the constructive ambiguity doctrine,
(1) an incomplete contracts view ie: that the world is just too complex and (2)
unpredictability as in a mixed strategy to attempt to reduce problems of moral
hazard.
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damental. Second, the timing of the one stage game is different in that
the IMF gets to see the country’s action (an effort level) before the IMF
decides whether to support and this happens before the intermediate
period when the private sector may run. In this more optimistic view of
the world, if the IMF offers a judicious amount of finance coupled with
sufficient country effort (that also increases resources in the intermedi-
ate period) then a run may be prevented. Compared to a world with
no IMF, the reforms the country must undertake to prevent the run on
its own may be too costly and hence the IMF may indeed be catalytic.
However, two issues in the timing in the one stage game appear critical,
(a) does country effort really increase resources in the time-scale of a
private sector run or does country reform only affect country solvency
in the final period and (b) does the IMF know what the country’s effort
level is before assistance is granted? These two papers have optimistic
assumptions on these two issues whereas the analysis presented in this
paper takes a more pessimistic view making the role of the IMF a more
difficult one.

Moving to the repeated game, if cooperation can be supported then
the role of the IMF, at first sight, appears less problematic. However,
as the probability of insolvency rises, so does the probability of being
assisted in the mixed strategy equilibrium and so does the incentive to
deviate. This then gives rise to the possibility that there is an opti-
mal "minimum punishment strategy" where the IMF plays a number of
periods of the mixed strategy equilibrium to (just) ensure cooperation
under one set of parameter values but then the country defects under a
different set of parameter values. Under this strategy profile, defection
will occur when the probability of insolvency rises.

This equilibrium is a useful benchmark. One aspect is that it is as-
sumed that the IMF adopts the same "minimum punishment" whether
the country deviates at y = yy or y = yr (the higher and lower values
of being lucky under Risky play). This minimum being defined as the
number of stages of the mixed strategy equilibrium that just ensures
cooperation if y = yg. It seems difficult to argue that the IMF should

punish more when the risk of insolvency has risen, so this seems rea-
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sonable. While the minimum punishment strategy profile may appear a
special case, the idea that countries will tend to deviate as insolvency
risk increases is common to all strategy profiles with this characteristic.
If countries deviate to more risky play as insolvency risk rises then the
IMF will be put in an extremely awkward position just as experienced
in Argentina. In the case of Argentina, the IMF found itself exactly in
the difficult position between attempting to deliver liquidity protection
but, as discomfort with the policy environment grew, the interpretation
offered here is that it vacillated between continuing support and being
about to withdraw consistent with the mixed strategy equilibrium.
However, the deeper point suggested by the analysis is that the in-
ternational financial architecture remains incomplete. Recently, Anne
Krueger and others have suggested that the introduction of an SDRM
(sovereign debt restructuring mechanism), by providing a cleaner way
to restructure obligations, may tempt countries into defaulting earlier®!.
The game above allows us to think through how generous or tough such
a mechanism should be. To solve the underlying problem, an SDRM
mechanism would need to be sufficiently generous to tempt countries
into choosing that mechanism rather than deviation at the point where
otherwise the country would have deviated. In our view, an SDRM
that would have have tempted the Argentine Government to have cho-
sen that route in early 2001 would have had to have been a very generous
one, perhaps more generous than the SDRM’s as proposed. The more
general point however is that further creative thinking appears required
to complete the international financial architecture. The current situ-
ation implies that countries may "gamble for rescurrection" before they
default and the IMF will find itself in an extremely awkward position
attempting to provide liquidity protection but fearing moral hazard and
vacillation is the equilibrium response. This does not imply that Latin

American countries will be able to enjoy the benefits of international cap-

31Krueger (2002) for example notes that, "Indeed, it (debt restructuring) is so
painful that sovereigns typically put off the day of reckoning beyond the point when
there are any reasonable prospects of the situation correcting itself." On the SDRM
proposals see IMF (2003) and Rogoff and Zettelmeyer (2002) for a review and his-
torical background.

26



ital markets without the dangers of instability such as runs and sudden

stops.

5 Appendix
We show in this appendix that the condition

A—WL<A—WH
C,—A Cyp—A

(28)

is necessary and sufficient for existence of a range of values of z and ¢
where the minimum punishment strategy is optimal. What this condi-
tion implies is that the punishment that the IMF can impose relative to
the temptation of deviation is less in the bad state of nature relative to
the same in the good state. This appears a natural condition and one
that we find generally accepted for different parameter values.

First, we establish that the value of z given by (26) is lower than one.
Expanding both the numerator and the denominator of (26), it follows

that the former is lower than the latter whenever
ACy — ACL, < CyWy — C Wy — AW + AWy
or, equivalently,
ACy — Wy —Cp+ W) < CygW, — CLWy
Adding and substracting C'yCp to the right-hand side yields
A(Cyg —Wg) —A(CL —Wp) < C(Cxg —Wg) — Cy(CrL — Wp)

and then
CL — WL CH - WH

<
CL—A Cy—A
which is equivalent to (28).

The region where the minimum punishment strategy will be like that

shown in Figure 4 if, at z = 1, the value of 0 corresponding to (23) is
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larger than the one given by (25). At z =1, (23) turns into

CL—A
b=——"——=0
CL - W
while (25) yields
Cy—A
f=——=¢"
CH — Wy

It is easy to check that §' > 6" holds if and only if (28) is satisfied.
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Figure 1: The Time Line
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Figure 2: Country & IMF Payoffs
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Figure 3: Conditions under which the IMF should exist
(x=0.8, y=0.4, h=1.5, 1=1.25, t=3.25, u=0.0, F=5, A=5, Ri=1. c=1.2, b=0.0)
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Figure 4: Minimum Punishment Strategy Region
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