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VOLUNTARY DEBT REDUCTION UNDER ASYMMETRIC INFORMATION 

Jorge Fernandez Ruiz 

EI Colegio de Mexico 

ABSTRACT 

It is known that the incentive distortions produced by a large inherited debt 

could be so acute as to render a partial debt forgiveness Pareto improving. 

This issue has received much atte ntion in the context of international debt. 

We analyze it in an asymmetric information situation. It has been argued that 

when the country has private information about relevant parameters the 

possibility appears of the bank not forgiving debt because it believes the 

country does not need it. We investiga te this problem in a dynamic context. 

First we do it allowing the bank to give only a temporary relief to the 

country. We characterize equilibria for different parameter values. The 

problem gets more complex due to the arising of the ratchet effect. This 

effect consists, in the context of our work, in the country distorting its 

effort so as to hide its character and thus avoid the loss of future rents. 

Next, we study the problem allowing the bank to reduce debt. It is possible 

that this eliminates the ratchet effect and enhances the welfare of both the 

bank and the country. 



O. INTRODUCTION 

It has been argued that the presence of a large inherited debt creates 

distortions on the actions the debtor undertakes and that these distortions 

could conce ivable render a partial debt forgiveness Pareto improving. This 

issue has attracted much attention in the context of international debt. 

The amount of forgiveness which the credi tor finds convenient to grant 

depends on the country's characteristics. It seems reasonable to assume that 

the country possesses better information than its creditors about some of 

these characteristics. Obviously. the country will have incentives to hide 

the true value of such relevant parameters . It might assert, for instance, 

that the social costs of further reforms would be too high and any further 

'belt tightening' would be unbearable, although it didn't believe so. It has 

a l so been argued (Froot, Scharfstein and Stein ( 1989)) that this asymmetry of 

information might lead to a stonewalling situation, in that the bank does not 

reduce debt and the country makes an inefficient action. This problem, as in 

the case of most incentive problems derived from the presence of a large 

inheri ted debt, has been analyzed in a static context. Yet, the relationship 

between a country and its creditors is not confined to one action from each of 

them. In a repeated relationship, if it is true t hat a count ry has private 

information about some relevant parameters, then the bank will carefully 

observe the country's behavior to learn about them. The country, in its turn, 

will take into account the information revealed through its actions and the 

consequences of this transmission of information when deciding upon them. 

Finally the bank, when deciding upon the timing of the debt forgiveness, will 

take into account its influence upon the potential information revelation. 

These considerations are important. They are the crucial determinants of 

equilibrium in the dynamic models we build. 

The rest of this paper is organized as follows. 

In section 1 we present a static model. We first model a situation in 

which the amount of optimal debt, from the bank's perspective, depends on one 

parameter, which we term effort cost, in the country's utility function. 

Next, we incorporate the assumption that the country has private information 

about this cost. This leads us to a model similar to that of Froot, 

Scharfstein and Stein (1989), who make the fundamental point that a 

stonewalling situation can occur, in which the bank doesn't grant the required 

forgiveness because it doesn't believe the country needs it and the country, 
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therefore, makes no effort. In the model we present there are two types of 

countries, a weak one (with a high effor t cost) and a strong one (with a low 

effort cost>. We s how that if the (prior) probability that the count ry is 

weak is low relative to the cost differential, the equilibrium shows 

s tonewalling . The bank doesn't grant an adequate debt reduction. It chooses 

to renounce to the weak country's repayment by setting the debt at such a 

level that the county, if weak, makes no effort. 

In section 2 we present a dynamic model in which the relationship between 

the bank and the country lasts for two periods. ' Each period the bank sets an 

upper bound to the repayments it will receive and the c ountry decides how much 

effort to exert. In this section we assume that the bank cannot precommit at 

the beginning of the game to an upper bound for the second period. The 

commitment capacity doesn't go beyond the current period . This assumption is 

consi stent with the facts observed during the earliest years of the so-

called less developed countries debt problem. In those years a policy of just 

temporary relief was followed. In this context of temporary relief, we find 

that if in the one-period model there is no stonewalling, then in the two 

period model there isn't either. It arises, on the other hand, a new feature 

which makes the problem more comp l ex: the ratchet effect which means, in our 

context, that the strong country makes an effort smaller than the first best 

level so as to hide its type and avoid loosing its future income . To explain 

our next result let us mention that whe n the static model exhibits 

stonewalling, that is, when the bank renounces to the weak country's 

repayment, the strong country obtains only its reservation utility. For the 

parameter values that produce stonewalling in the static model, the dynami c 

model can produce an equilibrium in which the strong country gets more than 

its reservation utility . Intuitively, this is because the bank is more 

generous in a dynamic context to induce revelation. When this generosi ty 

appears, we have two possible s ituations . In one of them, it is so intense 

that even the weak country makes an effort. In the other one, the strong 

country does not hides itself under the weak country' s effort, but the weak 

country makes no effort at all: we have stonewalling. 

In section 3 we present two versions of a model in which the bank has 

more commitment capacity than in the previous section. We want to improve our 

understanding of the possible advantages this entails. We assume that the 

bank can commit, at the beginning of the game, to respect an upper bound for 

the first and the s econd period. We allow the bank to make its commitment for 

the second period contingent on the repayment it receives in the first period. 
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We characterize, in the two versions we present, the situations in which this 

enhanced commitment capacity allows the bank to increase its expected profits 

relative to what it obtains in the previous section . To explain the 

difference between the two versions we present -and the reason to study them-, 

let us first stress the fact that al l along this paper we restrict the bank to 

choose among debt contracts, i.e . , contracts that make the repayment schedule 

non product-contingent. Yet, when we allow the bank to commit to an upper 

bound for the second peri od that depends on the repayment of the first one, we 

open the possibility to estab lish an indirect dependence on the first period's 

product. In other wo rds , when we give the bank more commitment capacity, we 

might be giving implicitly to it, at the same time, the capacity to design a 

contract that depends on t he first period product. This advantage presents in 

t he first version of the model its polar form . In this version we assume a 

confiscation technology which we call gunboat) such that the bank receives 

the country 's product in its en t irety, without any cost, if it doesn't 

recei ve the payment due. So, the bank can set a repayment so high for the 

first period that the country never meets it, withdraw the entire first period 

product, with no cost at a ll, and give whatever incentives it wants to give to 

the country through an appropriate second period bound. We compare the 

equilibrium obtained under this hypothesis with the equil i brium under 

temporary relief. If the probability of the country being weak is l ow enough, 

then both equilibria co incide. Otherwise, the bank can increase its expected 

utility thanks to the additiona l i nstruments it has. If this happens, the 

country's expected utility will be decreased unl ess the equilibrium under 

temporary relief exh ibits stonewall ing . 

The second version of the mode l studies the other po lar case . The bank 

has no capacity at all to establ i sh an indirect dependence in the first period 

product. This version is more comparable t han the previous one to the 

one-period model because it preserves untouched the dilemma of the banle to 

make profitable for the country to repay its liabilities or else to receive 

nothing. Likewise, it allows us to isolate the advantages arising from the 

sheer enhanced commitment capacity . In this version of the model we find that 

the enhanced commitment capaci ty never hurts t he country. When the 

equil ibri um for this model differs from the one exhibi ted by the temporary 

relief model, t he r e a r e two possible situations . In one of the m the only 

consequence of the commi tment capacity is to allow t he bank to completely reap 

the benefits from avoiding the str ong country's f irst period hiding. In the 

other one, avoiding this hiding a l so benefits the count ry. 
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Section 4 is a technical one and is devoted to exploring a feature of the 

two- period model under temporary relief that cannot be genera lized to models 

with more than two periods . Namely, the fact that if the one-period model 

doesn't exhibit s tonewalling, the two- period mode l doesn't exhibit it e ither . 

It is possible to have models with more than two periods in which the 

equilibrium shows stonewalling for parameter values that do not produce 

stonewalling in the one- period model. A necessary condition for the arising 

of stonewalling is the presence of the ratchet effect. If the discount factor 

is low relative to other parameters and the strong country would rather obtain 

today the fruits of its efficient behavior, in spite of revealing its true 

character, no stonewal ling in one-period implies no stonewalling in T per iods. 

Nevertheless, if the discount factor is big, then the strong country, knowing 

that if it succeeds in maintaining its reputation of being weak will obtain a 

generous forgiveness, can find convenient to hide under the weak country first 

best effort leve l: the r atche t effect can occur. Therefore, depending on the 

parameter values we have three possible situations: 

i) The welfare losses derived from the ratchet effect are smaller than those 

derived from the weak country making no effort, i. e., from an initial 

temporary stonewalling . In equilibrium there is always generous forgiveness 

and s trong country hiding. 

i1) The losses from a permanent strong country hiding are higher than those 

from an initial stonewall ing. The bank grants a small forgiveness and thus 

t he weak country does not make an eff ort , but sti ll it is enough to induce the 

strong country to make its first best effor t and reveal through it its type. 

Thus, we have a temporary s t onewalling: the bank grants a s mall forgiveness to 

separate both types of countries and once this is achieved, it grants the weak 

country a big forg iveness and the strong country a small one, induc ing there 

on a first best effort level from each type of country . 

iii) It can happen that in spite of having future welfare l osses from the 

ratchet effect greater than those from a temporary initial stonewalling, the 

strong country requires an initial compensation so big that even the weak type 

want s to accept it. The n the instruments we have given the bank do not allow 

it t o separate both types of countries and we will have both generous 

f org ive ness and ratchet effec t forever. 

One fina l note. The equi librium concept we use in our models is t hat of . 
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perfect bayesian equilibrium. The formal structure and the type of features 

we find are similar to the models of planning under incomplete information as 

in Freixas, Guesnerie and Tirole (1985). These authors allow a social 

planner to set payment schedules to a firm that depend linearly on its 

product. Recently, in the context of regulation problems, the choice set for 

the planner has been widen to include nonlinear contracts (Laffont and Tirole 

1987 and 1988). In these models there is a central planner that maximizes an 

utili tar ian welfare function. What makes the problem non-trivial is the 

existence of welfare losses from raising funds for the firm. If this were not 

the case, the planner wouldn't mind paying the firm above its reservation 

utility level . This interest in reducing the payment to the firm makes the 

problem similar to t hat of the bank trying to ex tract from the country as much 

as it can, though the initial specification of the model is quite different. 

At a formal level, besides this difference in the initial specification, it is 

important to note tha t we restri ct ourselves to payment schedules that do no t 

depend exp licitly on the country's product. 
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e - a ;;2/ 2 - Z + 0 EV( R' A (x) 
1 1 1 2' 2- ~ 0 

As a consequence of lemmas 2.3 . 2 and 2 . 3 . 3, the previous restrictions are 

necessary and sufficient conditions for the type ~ country to make e and pay -, 
Z and the type a -, country to make e , and pay z,' If we want .2. to randomize, 

then IC~ must be met with equality. 

We now analyze in turn ' the cases A > l-K and A < l-K 

CASE A > l-K 

In this case if e is observe we will have , 
observed we will have A2= O. Vsing EV 2' EV 2, and 

find that the bank's problem is 

Max 0-\) (1 - 1£ ,) { :{, + I> min [R 2' 1/ 2~ ] } + 

{ 1- (I - A)(1-x )} {z + 0 min [R, 1I2a]} 
- 1 1 2 

S. a. 

A2 > 

Ell 
2 

l-K 

from 

and if e is -, 
Lemma 2 . 3. 1 we 

Z = ~ -, , 
Z = Z .. R , -, 

z , 
= R 2 --, 

e 
1 

(Gunboa t condition) 

(Non- verifiability of e ) , 
e - A e2

/ 2 - z - omin{R 1I . 2A} ~ -, -, -, 2' 

- - 2 2a} (IC ~) e - a e / 2 -z - (; min{R2,lI , - 1 , 
- - 2 2a) } e - a e / 2 - z + (; (11 - 0 min{ R

2
, 1/ 2a ~ , , , 

e - a e ~ 2 - z + 0 EV(R A (x» (IC a) -, -, -, 2' 2 -

e - a e 2
/ 2 - z + 0 (1/ 2~) - 0 min { R

2
, 1/ 2~ } ~ 0 (VP il) -, - -, -, 

- - 2 
2a) a) e - a e / 2 - z + (; (11 - 8 min{ R2, 1/ 2a } > 0 (VP , , , 

To solve the problem we will igno re the gunboat, verifiability, VP~ and ICa 

condi tions . In the end we will check tha t they are sat isfied. 

i) VP a is binding because EIT is strictly increasing in z and increases in , 
z make IC~ slacker. , 
ii) From (i) and IC~ it fo llows that in equilibrium EV > 0 , that is. VP~ is 
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1. THE STONEWALLING PROBLEM IN THE STATIC CASE 

This section presen t s two versions of a static model of voluntary debt 

reduction by a bank. In the first version there is symmetr i c information. It 

captures the fact that the amount of forgiveness that the bank chooses to 

grant depends on one parameter (effort cost ) in the country's uti lity 

function. In the second version there is asymmetric information about such 

parameter. It is a model in the spirit of Froot, Scharfstein and Stein 

(1991), who argue that the bank might not grant a generous debt reduction 

because it doesn't believe the count ry needs it. 

We begin with the symmetric information version. A count ry owes an 

infinite debt to a bank . It s product (y) depends on its effort (e). 

1,Ie assume y = e 

We now consider the following two-stage game. In the first stage the 

bank reduces the debt to a level R e IR. In the second stage the country 

chooses an effort level e E ~. and pays the amount 

R = min { e , R } 

Country's utility is; 

Bank's utility is; 

2 
U=y - ae 12 -R 

IT = R 

That is, the country enjoys keeping p roduct (y - R) and dislikes effort . 

The bank enjoys receiving more p r oduct and has also a linear utility i n the 

product it keeps . 

In this game a strategy for the bank is a n upper bound R E ~. 

A strategy for the country is a function assigning to each R e IR an effort 

level e E ~+. A s ubgame perfect equilibrium is a pair of strategies 

satisfying the following two condi tions; 

il The country's strategy max imi zes its utility for each upper bound set by 

the bank. 

ii) The bank's strategy maximizes its utility given the country's s trategy. 

For simplicity we as s ume that if the country is indifferent between two 

alternatives, it chooses the one giving the highest expected utility to the 

bank. This hypo t heS iS will be maintained throughout the paper. In 

parti cular, whe n we speak of uniqueness of equilibrium it should be understood 

under the qualification "among the class of eqUilibr ia t ha t satisfy the 

condition that the coun try does not c hoose a strategy that provides the bank 

with a n expected utility l ower than the one resulting from the country 
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choosing an indifferent strategy". 

Remark 1 

In equilibrium 

i) The bank's strategy prescribes an upper bound 11 2a that decreases with 

the parameter a 

ii) The coun try's strategy prescribes the first - best effort 11 a when 

the bank sets the equilibrium bound 11 2a 

iii) The bank obtains its reservation utility (the one it would obtain if it 

chose an effort level equal to zero) 

In equilibrium the country's strategy solves, for each R, the problem 

2 - R if R ~ e 
Max 

e ifO~e<R 

From where it follows that in equi librium the bank's strategy solves 

1 
R if Max 

2 
12- R 0 e - a e > 

Max e ~ 0 
R 

0 otherwise 

The remark follows then from the function 

maximum 11 2a at e ; 11 a. 

2 
e - a e / 2 achieving its 

• 
Thus, if starting from an infinite debt the bank entertains the idea of 

its reduction, it finds that its opti mal level depends on a, which reflects 

the cost of the country's effort. If this parameter is known only to the 

country we will have an adverse selection problem. 

country wants the bank to believe i t is very high . 

It is evident that the 

We now present a version with asymmetric information. Unlike the 

pre vious version. the parameter in the country's utility function is private 

information . The bank knows. however. that it can take on values in the set 

{ i! , a } and it has beliefs represented by the probability fun ct ion 

P(a) (1) 
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lie consider the following game . In the first stage nature chooses the 

parameter a e { ~ , a } according to (1) . Th i s choice is observed only by the 

country . In the second stage, without knowing a, the bank sets a debt R e ~. 

Finally, in t he third stage, knowing a a nd R, the count ry c hooses a n effort 

l evel e e ~+ a nd pays R = mi n { e , R }. 
Figure 5 shows the time line for choi ces . 

Figure 5 

Nature chooses bank sets country c hoo s es 

R e 

In this game a strategy for the bank is a debt leve l R e ~. A strategy 

for the country is a function ass i gning to each possible pair of effort cost 
- -

and deb t, (a, R) e { ~ , a } X~, an effort level e E ~+ 

An equi 1 ibr ium (A perfect bayesian equilibr ium fo r the one peri od 

asymmetric information game) is a pair of strategi es such t hat : 

i) The strategy for the country maximi zes its uti lity for each realization of 

a a nd for each debt R 

ii) The st r ategy for the bank maximizes its expected ut i li t y (whe re the 

expectation is taken with r espect to i ts beliefs about a ) g iven the country' s 

s tr a t egy . 

The next pr oposition provides a central benchmark fo r the rest of t he 

paper. lie shall denote by ~(R) (e(R) ) the e ffor t presc ribed by t h e country' s 

s t rategy if i t is type ~ (al when it faces a debt R. lie shal l omi t the 

argume nt of ~(.) (and that of e( )) when t h e context all ows us to do so 

without causing confusion . 
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Proposition 1 

Let K = a / a 

a) If the probability of the country being weak is low relative to K 

(A < 1 - K) then, in equilibrium: 

the deb t is such (R = 1/ 2 a) that the type a country makes an effort 

(e = 0) lower than the first best level (efb = 1/ a) and both types of country 

get its reservation utility (EU = 0) 

( Furthermore, £IT = ( 1/ 2a) (1 - A), 
fb 

e = e 11 a) 

b) If the probability of the country being weak is high relative to K 

(A > 1 - K) then, in equilibrium: 
- -

the debt is such (R = 1/ 2 a) that both types o f country make its first best 

effort level (e = 1/ a, e = 1/ a), type a country gets its reservation utility 

(EU = 0) and type.!! country gets an expected utility strictly gr eater than 

its reservati on utility (EU 

(Furthermore, £IT = 1/ 2 a) 
1/ 2 a - 1/ 2 a) 

In equilibrium, fo r each R, the bank 's strategy solves o ne of the 

f ollowing problems, depending on the value of a . 

Max 
e 

Max 
e 

{ e ~ : ::: : - R 

- 2 

{

e - ae/2 - R 

- a e 2
1 2 

if R < e 
if a = i! 

if0s.e<R 

if R < e 
i f a = a 

ifO<e<R 

Since the function e - a e 2
; 2 reaches its maximum value , II 2a, when 

e = 1/ a, we have that the solution to the country's problem is 

{ 11 i! if R < 11 2 i! 
!!. = 

0 o therwise 

e = { 

11 a if R < 11 2 a 

0 otherwi se 

Thus, in equilibrium the bank's strategy solves the problem 

9 



-I R ifR ~ 112 a 

(1 - ;\) R if 11 2 a < R < 11 2 ;!. 

0 if 11 2;!. < R 

whose solution is 1 

11 2 a if (1 - ;\) (11 2;!.) < 11 2 a 

II 2 l!. if 112 a < (1 - ;\)(11 2l!.) 

from where the proposition follows . 

• 

The message of the previous model is that it might happen that the bank 

does not reduce debt to the l eve l that induces a to make an effort because it 

attaches very low probability to the country being type a. This is the 

situation termed 'stonewalling' the bank does not reduce debt and the 

country makes no effort at all) by Froot, Scharfstein and Stein (1990) . 

These authors suggest that it prevents debt reductions. 

2. A DYNAMIC MODEL WITH TEMPORARY RELIEF 

In this section we consider a situation in which the rela tionship between 

debtor and creditor r epeats itself over time. To simplify, we treat the case 

of two periods. The solution depends crucially on the commitment capaci ty we 

assume. In this section the commitment capacity does not go beyond the 

current period. We study a model in which the bank can commi t only not t o 

charge above a specified amount in the current period. This ·is what we mean 

by a model with temporary relief. As the debt is infinite , the amount 

received today cannot influence the debt with which we start tomorrow. We do 

not allow the bank to reduce debt, but only to grant a temporary relief, that 

is, not to charge more than a given amount today. 

second decision over the bound it has to set. 

Tomorrow it wi 11 make a 

There are interte mporal features arising in a mulliperiod context which a 

static model canno t capture. If it is true that the country has private 

;\) (11 2 .) 1/ 2 a, the bank's problem has two solutIons. But 

gener ica lly t hI s does not happen and we will Ignore it. 
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information about relevant parameters, the bank will carefully observe the 

country's behavior to learn about them. The country, in its turn, will take 

into account the information revea l ed through its actions and the consequences 

of this transmission of information when deciding upon them. Finally the 

bank , when deciding upon the timing of the debt forgiveness, will take into 

account its influence upon the potential information revelation. The problems 

appearing in a static setting can be softened or sharpened when put into a 

dynamic context . We are particularly interested in the stonewalling 

phenomenon once we take a dynamic perspective. 

We now present a broad description about the features arising in a 

dynamic model . Next we provide the formal specification of the model and its 

solution. 

We know that when a country is most likely weak, the static model 

exhibits no stonewalling. It turns out that when the static model shows no 

stonewalling, the dynamic model doesn' t exhibit it e ither . In this case, the 

bank sets as initial bound the optimal static bound and , therefore, the weak 

country makes its first-best effort . The strong country, in its turn, benefits 

from this bank's beliefs . It is because of this that the possibility of the 

strong country hiding under the weak country's effort appears. This way it 

can avoid loosing its future rents. This is the ratchet effect. We obtain 

the following result. The hiding occurs when the discount factor is high 

(relative to ~/ al, i.e., when much importance is at tached to future. 

We know that when the country is (relative to ~/ a) most likely strong, 

the bank finds it optimal from a static viewpoint to sacrifice the weak 

country's payments. There is stonewalling. When the static model exhibits 

stonewalling, there are three types of equilibria in the dynamiC model. We 

now describe them with the help of figures 2 and 3. 

Let us first analyze the (b . l) area . To gain intuition, let us remember that 

it is the smallness of the probability of the country being weak what induces 

stonewalling and l et us note that for each pair of values 0, K, if we allow A 

to become small enough (close enough to zero) we are in this zone. Therefore , 

we are in a situation prone to stonewalling. In a static model if A is small 

the bank. sacrifices a's repayments -in that it prefers not to induce a to 

exert effort- and obtains the product from ~'s first-best effort. In this 

zone, the bank sets the static optimal bound both periods and sacrifices thus 

a's repayments both per iods. Yet, it cannot reap twice the payments derived 

from ~'s first-best effort. The reason is that it cannot induce ~ to exert a 

first-period first-best effort with probability one . To see why let us 

suppose it could. Then observing no effort would signa l that the country is 
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weak and would induce the bank to reduce the second period bound to a level 

compatible with a exerting effort. Then ~ would find it convenient making no 

effort to produce such situation. Therefore, for R 
1 

; R ; 
2 

II 2~ being part 

of an equi librium it is necessary for the ~ country not to exert an initial 

first-best effort with certa inty. We have ratchet effect with positive 

probability, a semi-separating equilibrium. 

b.2l Let us think about this zone as the one containing "median" A values . 

As before the bank sacrifices a's repayments in the first period . It induces 

it to make no effort. There is stonewalling. Yet, in contrast with the (b.ll 

zone, the equilibrium is separating . There is no ratchet effect: the strong 

country never hides under the weak country's effort. It makes an ini tia l first 

best effort. The reason is tha t the bank chooses an initial suboptimal bound 

from a static viewpoint to induce this revelation. The bank has to be more 

generous in this dynamic context to obtain information and thus sets a bound 

lower than the static optimal bound . 

b.3l To interpret this zone it is useful to note that, given a and K fixed 

with a < 1 - K, for A close enough to 1 - K we are in this zone . It is a zone 

close to the no stonewalling zone. In the dynamic model we have a separating 

equilibrium in which both types of countries choose their first-best effort in 

the first period. 

f irst-best effort . 

There is no stonewalling. The weak country makes its 

Furthermore, there is no ratche t effect: the strong 

country (~l never hides under the weak country's (al effort. As in the 

previous case the bank chooses an initial bound whi c h is suboptimal from a 

static point of view. But it is even more generous. It chooses a bound such 

that even the weak country is induced to exert effort. It chooses the bound 

it would choose in a static context if it were sure the country is weak. 

We now present the formal specification of the model. 

The country's product in period t, Yl' is a function of its effort at that 

same period, e
t

, We assume 

y ; e in each period t 1, 2 
t l 

Consider the game whose timing is now exp lained with the help of figure 4. 

Nature plays first choosing the parameter a in the country's util ity 

function according to (1 l . 

the country. 

The value of this variable is known only to 

Next. without knowing a's realization, the bank chooses the payment 

R E ~ that the country must meet. 
1 

Knowing a and R. the country exerts 
1 

first-period product Y
1 

and gives to the 

ending the first period. 

12 

e E IR+ 
1 

bank R 
1 

whi ch determines 

: min { R 
1 

the 

} . 



Figur,<,: 2 

(K=O.1) 

A.k/(1 -K)( H,-K) 

1 - K 
{(1.K)2 -A. ItA. K( 1-K) b.3 

zor.e b.1 

1 - K 
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Figure 3 

1 - K 
zone! b.1 

(K .. 0.5) 

)'k/(1·K)(H.·K) 

zor.e b.2 

(1 · )'·k)/(1·)')(1·K) 
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At the beginning of the second period, knowing R and e , the bank sets. 
1 1 

R E R and, finally, knowing 
2 

- -
R

1
, e

1 
and R

2
, the country exerts e E JR+ and 

2 

gives to the bank the amount R = min { y, R } 
2 2 2 

Figure 4 

Nature chooses 

a E { l!. , a } 
bank sets 

R 
1 

Country's utili ty is 

U = U is u
2

, with u= + Y -
I t t 

Bank's utility is 

IT = IT + is IT with IT = R , 
I 2 ' t t 

R 
t 

t 

country chooses 

e 
I 

2 
/ 2 t e , 

t 

= 1,2 

bank sets country chooses 

R e 
2 2 

= 1,2 

We define a history observed by the count ry in period 1 as he = (a, R ) and, 
1 1 

in period 2. as h; = (a, R
1

• e , ' R
2

) Likewise, a history observed by the 
B -bank in period 2 is h = (R, e , )' 
2 I 

In this game a strategy for the country 

assigning an effort level e to each history 
t 

A strategy for t he bank is an upper bound R 
I 

is a function for each period, 

observed by the country he. 
t 

function assigning an upper 

bound R to each history observed by the bank 
2 

and a 
hB 

2 

Equilibrium concept 

The equilibrium concept we use is that of perfect bayesian equilibrium. 

It comprises a s trategy for the country, one for the bank and a belief 

function satisfy i ng the following condit ions . 

We first descr ibe the strategies. Suppose there is a rule that specifi es 

the belief t. held by the bank about the parameter a as a function of the 
2 

B -history h = (R, e) . Then, each time an agent acts, for each history it has 
2 I 1 

observed, it must maximize its expected payoff, given the other player' 5 

strategy, and given the bank's belief result ing from the above mentioned rule . 

We now 

strate gies. 

belief t. . 
2 

explain how beliefs 

The belief function 

are updated. Suppose we have a pair of 
B -assigns to each history h = (R. e , ), a 
2 1 

This function is simply Bayes' rule when the observed history has 

positive probability. i. e .. when the prescribed pair of strategies pr oduces 

that history with positive probability. 'Bayes' rule says noth ing about 

histories observed with probability equal to zero . Unfortunately, the 
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updating of beliefs in such situations can be crucial: in dynamic games with 

incomplete information it is common to have the beliefs off- the - equilibrium 

path being relevant to know if the prescribed strategies are best responses 

one to the other. Thus, it is possible to sustain an equilibrium with 

unreasonable beliefs. We impose the following condition. Suppose an initial 

effort is observed that, given the prescribed strategies, has probability 

equal to zero. If the weak country (a) can make an initial effort giving it 

an expected utility strictly greater than the one derived from the observed 
-, 

effort for each (optimal) bank ' s action R in the last period, then the bank , 
assigns probability zero to the country being weak. Only when such an 

alternative action for 

out- of- equilibrium beliefs.' 

the weak country exists do we restrict 

We thus have the fo l lowing definition. 

A perfect bayesian equilibrium (of t he two period game under temporary relief) 

is a pair of strategies and be liefs i\2(R
1

, e
1

) P (a IR" e,) such that: 

(1) e maximizes , 
(ii) R maximizes , 

EU, 
Ell , wher e the expectation is taken with respect to a 

using A (R , e ) , given the country's strategy in the second period. " , 
(iii) e maximizes EU V , he , ' given the second period strategies 

( iv) 

(B) 

R maximizes EIT , given the posterior 

\(R" e) is derived from , the 

strategies . 

prior probability A , and from the 

country's strategy given by (iii) using Bayes' rule. as long as a history with 

positive probability is observed . 

We ask out off equilibrium beliefs to satisfy the fo llowing condition 
B -

(B') If a history h ~ (R , e ) wi t h probability of zero is observed, then , " 
utility 

e ) ~ 0 
1 

strictly 

if there is e ' , 
lower by choos i ng 

s . t. the country a obtains an expected 

e than by choosing e ' V R' in the set of , , , 
optimal bank's actions for the second period for some A . , 

We now define two features appearing in the literature in similar 

si tuations. 

The equilibrium exhibits stonewalling it type a exerts an initial effort equal 

to zero . 

The equilibrium exh ibits ratchet effect if type 2. makes the same initia l 

, 
In o ur models , i mposing this condition implies that the equilibrium we find 

satisfies the intuitive criterion of Cho -Kreps. On the other hand, abandoning 

this condit ion does not increase the number of equi I ibria . 
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effort as type a 

lie denote by 

it is type a 

e, 
(~) 

( e ) the effort prescribed by the country's strategy in case -, 
and by E0(e) (EU(e )) the expected uti l ity obta i ned by t he , - , 

type a (~) country if it exerts an effort e . , 

Proposition 2 

Let K = a / a In the two- period model under temporary rel i ef there is 

a unique equi librium3
• It has the following characteri stics. 

a) If in the one- period model equi libr ium there is no stonewalling (the 

probabil ity of the country being weak is high relative to K. 1 - A < K) 

then in the two-period model equi libri um the bank sets an initial upper bound 

(R = 11 2 a) , equal to 
-fb 

the optimal static upper bound and the r e is no 

stonewalling (e = , e ) . Furth ermore, ~ obtains above its reservation utility . 

If, in addition, 

a . l) the discount factor is high relative to K (5 > 1 - K), then there is 

no ratchet effect : type a mimics type a (pooling equilibrium) 

a.2) the discount factor is low relative to K (5 < 1 - K), then in 

equilibrium there is no ratchet effect (e - , 
fb 

~ separat ing equilibrium) 

b) If the one- period model equilibrium exhibit s stonewalling (pr obabili ty of 

the country being weak is low rela t ive to K : 1- A > K) then in the 

two- period model equilibrium one of the three follow i ng situations occurs 

(and each of them occurs for some parameter configuration) (See figures 6 and 

7) 

b . 1) The bank sets an init ial upper bound equa l to the optimal stat ic upper 

bound (R = 11 2 a) and there is , 
effect with pasi t lve 

stonewalling (e = 0). , 
but lower than 

There is also ratchet 

one probability 

(semi-separating equilibrium) and a obtains no more than its reservation 

utilit y . This occurs when (and only when) 

a ~ AK I (l - K)(I - A- K) and 

A < (1 -K )2 and [5 > (I-K) or 5 ~[(1-K)2_AJIAK(I-K) ] 

3 
Without the condIt ion t hat the country chooses the stra tegy p r eferred by the 

bank, the equll ibrium 

understood ge ner 1 ca II y, 1 . e . , 

equilibria. 

is not un i que. Furthermore, unIqueness s hould b. 

except In the frontIer of the d ifferent types of 
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b. 2) The bank sets an initial upper bound suboptimal from a static viewpoint 

(1/ 2a < R < 1/ 2a), there i s s tonewalling (e = 0) and there is not ratchet 
I - I 

effect (separating equ i 1 ibr ium). Furthermore , a ob tains above its 

reservation utility. This occurs if and only if 

[ 0 < ( 1-A-K )/ ( 1-A)(1 - K) or 0 > ( l - K) ], and 

o ~ AK / (1-K)(1-~-K) 

b.3) The bank sets an initial upper bound s ubop tima l from a static viewpoint 

(R = 1/ 2a) and there is no stonewa lling (e = 1/ a). Furthermore, there is 
I I 

no ratchet effect (separa ting equilibrium) and ~ obtains above its 

reservation utility. 

[(1-K)2 ~ A ~ (1 - K) 

(1 -A-K)/ (1 - A)(1-K) < 

This occurs if and only if: 

or 0 > ( ( 1- K)2 -~ ) / ~K(1-K) ], 

o < (]-K) 

I S 

and 



3. DEBT-REDUCTION CONTRACTS 

This section pr esents two versions of a model in which a bank has more 

commitment capacity than in the previous section. We now explain the purpose 

of doing so and re l ate this section to the rest of the paper. It is known 

that during the earliest years of the so- called l ess- deve l oped-country debt 

crisis the policy to face it was one of temporary relief, i. e . , one of 

postponi ng repayments and waiting for things to improve. In the previous 

section we model such a situation. We a l so know that this policy of wait and 

see gradually lost ground to a policy containing l onger commitments, in 

particular partial debt write-off. In this section we mode l a relationship in 

which the bank can assume long- term commitments to improve our unders tanding 

of the advantages this entails. Let us fir s t explain that we find two types 

of advantages . The first type will most likely appear only when we restri ct 

the bank, as we do, to repayment schedules in form of debt, 1. e., not 

explicitly product cont i ngent. They arise because allowing the bank to set a 

second- period upper bound a s a function of the first - period r epayment opens 

the possibility of setting an indirect depende nce on the f irst-period product. 

This cannot be done when a payment is asked for today and, no matter the 

amount actually repaid today, we start the second period with an lnfini te 

debt . The second type of advantages a ri s es from t he sheer enhanced commitme nt 

capac i ty . To emphasize the distinction between both types of 

advantage s two versions of the model are presented . In the first version we 

a ssume that, if the fir s t - period repayment asked by the bank is higher than 

the country's produc t, this can be conf iscated in it s entirety without any 

cost. Th i s is t he gunboat hypothesis. Under t his hypothesis the first- type 

advantages are as high as possible . In the second version we are interested 

in studying a situation with no first-type advantages at all. One way to do 

it is under t he hypothesis that if the country's product is smaller than the 

repayment due, the confi sca tion of t he product l eads to its total loss. We 

cal l this technol ogy produc t des truction. 

We now consider the previous- section game enlarging the first-period 

bank 's action se t. We allow it to commi t to begin the last peri od with a 

flni te debt. Furthe rmore, we a ll ow it to set this fini te debt as a function 

of the amount repaid in t he first period . . In t he second peri od it can reduce 

debt aga in if it wishes to do so . 
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Formally, in 
-, 

period, R, and an , 
the first period the bank sets a repayment due in thi.s 

-, 
upper bound R , legally binding, to the amount due in the , 

last period. We allow thi s bound to be a function of the amount actually paid 

in the first period. 

We assume the same production technology and utility functions as in the 

previous section. The timing of the mode l is now described. (See figure 5) 

First, nature plays choosing the parameter a according to (1). 

of this parameter is known only to the country. 

The value 

Next, without knowing a's realization, the bank makes its first action. 

Let R'(·) be a function from ~ into ~ assigning to each amount actual l y repaid , 
in t he first period an upper bound with which the second period starts . The 

bank's first action is choosing a bound R' E ~ for t he first period and two , 
ordered pairs of the function' R'(·) the pair (z ,R'(z » E ~2 

1 ' 1 1 1 
-, 2 

for a and the pair (z, R (2 » E ~ 'designed' for ~, satisfying 

'designed' 
-, -
R E { z , , , - 1 1-1 

z }. -, We assume
2 

R2 (R ) = 11 2_a if R '" { z , 2 ). 
11 11 - 1 

Thi s is interpreted as 

allowing the bank to make the following commitment : if it receives the 

second period will start with a debt equal to R'(z ). If it rece i Yes ~l ' the , , 
- 2 second-period debt will be R (z ). , -, For any other repayment, it is as if the 

bank committed to nothing. 

Knowing a and the announcement made by the bank, the country makes its 

first action . The difference between the two versions of the model we present 

lays in t he choice set for this country's action. 

Under the gunboat technology, the first country's action is to choose an 

effort level e E ~+ whi ch determines the first-period product , 
> R' Y l - l' an amount R , E [R' , ' repaid to the bank. 

y, 

If 

and, if 
-, 

y , < R" an 

amount R = Y is , , repaid. That is, the country chooses how much effort 

to exert (and thus how much to produce). 
-, 

If it decides to produce above R" -, 
it must also decides whether to pay above R (and how much). , 

3 
Under the product -destruction technology The country's first action is 

lwe c an s ee the function R~( ) as the set ( (x,y) E [R21 R~{X) = y 

, 
Thi s 

are 

assumption is no t essentia l. 

others specificatIons for the 

{zl' .3
1

} compatIble wIth our results. 

3 

I t greatlY2 

functIon R ( , 
simplifies the proof. 

outside the set 

There 

In an earlier vers ion of 

technology as o n e in WhI Ch, If 

this model -, 
< R

1
, 

we 
the 

defIne 

amount 

the product - d e structlon 

received by the bank is 

zero, possibly different from the amo unt withd rawn from the country , Y, . 

this economize In 

variables. We 

fir st country's 

n o tation, 

model 

action 

we prefer not to distinguish between 

thi s tec hnology by introducing as a restriction in 

a c harac teristic that the equilibrium would exhibit 
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-, 
to choose an effort level e, e {Of U [R

" 
00 ) and an amount to be delivered to 

the bank 

R e [ii' , , ' if y , > ii' , If Y , = 0 then R, ;;; O. This ends the first 

period. 

At the beginning of the second period, knowing ii', , ii2 
() e and R , 

1 • 1 1 
the 

the 
-2 -2 -1 -2 

bank sets R < R (R ) and finally, knowing R, R C 
2-11 11 

-2 
), e

1
, Rl and R

z
' 

• -2 
country chooses e

2 
e ~+ and pays R

2
= min {Y2 R2 

Figure 5 

Nature chooses 

ae{§,,;;} 

bank sets 

ii:, ii~( 
country makes 

e and pays R , , 
bank sets 

ii2 

2 

country chooses 

e and pays R 
2 2 

We define a h istory observed by the country up to period 1 as 
c - 1 -2 c -1-2 

r\ = (a, R

" 

R, ( )) and, up to period 2, as rh
2 

= (a,R

" 

R, ( l, e,' R • ii2 ) 
, ' 2 

We define a history obser~ed by the bank up t o period 2 as 

rhB = (ii' ii2 
( ) R ) 

2 l' 1 . el' 1 

A strategy for the country consists of 

to each history rhc an effort level 
I 

two functions. The fi rs tone 

The second one assigns to each history 

e 
I 

and an amountS 

rhc an effort level e 
2 2 

R , if e , 

A strategy for the bank specif ies, for the first period, an upper bound 

a function ii2
( ) and, , for the second period, a function that assigns to 

rhB an upper bound ii2 

2 2 

6 -2 B -2 
satisfying R Crh) < R (R ) 

2 2 1 1 

we assumed the earl ier condition: e , If 

c harac t e r izing the equl1 ibrium , both assumptl ons are equivalent. 

4 

To the 

assigns 

> R? , 
-, 
Rand , 
each 

ends of 

In the flnal period it is irrelevant the confiscati on technology we assume . 

On the o ther hand, allowing the country 10 choose 

- 2 
If e > R 

2 2 
doesn't c hange the results either . 

-2 
R e IR 

2' 2 

the country 

e I 
2 

wi 11 

if e 
2 

a 1 ways 

- 2 
R 

2 

choose 

- 2 
R . 

2 
If it c hose to pay a bigger amount there are no furthe r per i ods at 

whl ch it can be qranted better treatment in exchange. 

5 
If e 

1 
< 

-I 
R, ' Ihe confiscation technology 

In t hi s case Rl is not c hosen by the country. 

6 B -1-2 
Note t hat rh

2 
= (R

1
, Rl ( R ) 

1 

2 1 

determines Ihe value o f R . 
I 



Equilibrium concept 

A perfect bayesian equilibrium with debt reduction is a pair of strategies and 

beliefs A (R' R2( ) R ) = P (a IR' R2( ) 2 l' 1 • e l , 1 I' 1 . e 1 . 

such that: 

( i ) e maximizes EU \I rh C 
2 2 2 

(ii) R2 maximizes Ell subject to R2 < R2(R ) \I hB 
2 2 2 1 , 2' 

R ) , 

where the expectation is 

taken with respect to a using A (R' R2 ( ) , e,' R, ), given the second-period 
2 " 1 

country's strategy. 

(iii) (e ,R ) maximizes EU \I hC
, given the second- period strategies . 

1 1 1 
-1 -2 

(iv) The pair R, R ( ) maximizes EIT g i ven the rest of the strategies. , , 
(B) A (R', R2 ( ), e, R ) is obta ined from the prior probability A, and the 

2 1 1 1 1 

country's strategy specified in (iii) using Bayes' rule, whenever a positive 

probability event is observed. 

We assume the off-equilibrium updated beliefs satisfy the following condition 

(B') If a history rhB (R' R2( ), e,' R) with probabili ty zero is 
2 l' 1 1 

observed , then A
2

(R', R2 ( ), e,' R ) = 0 if there exist e " R ' s. t. the 
1 1 1 1 1 

type a country gets an expected utility strictly lower by choosing e , , 
R , than by choosing e' R' \I R- 2 in the optimal second-period bank's actions 

l' 1 2 

set for some 

Solution under gunboat technology 

In this sect ion we characterize the equilibrium under the gunboat 

hypothesis . We obtain the fo ll owing result. 
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Proposition 3 

There exists A* (which depends on 0 , K and a) such that 
N o < A < l-K and 

If A > AN (in particular A such that in the one-period model there is no 

stonewalling) in every equilibrium of the two- period model with debt 

reduction: 

i) fb 
~ = ~ ~ 1 2 

ii) 0 < < 
- fb -fb 

e e e = e 
1 2 

iii ) The type ~ country gets an expected utility strictly higher than 

its reservation utility. 

IV) Type a count ry gets its reservat i on utility . 

* If A < A , then the expected utilities ob tained by both types of countries and 

the bank and the equil ibrium efforts are the same under the debt reduction 

equilibrium than under the temporary relief equilibrium. 

Proof (See appendix) 

We now comment on thi s proposition. 

First notice that starting with an infinite debt is equivalent to 

starting with a deb t of 11 2~ . Let us think of thi s value as a "bi g" debt. 

In this secti on we allow the bank to set a debt lowe r than 11 2~ . The 

importance of this enhanced commitment capac ity depends on the par ameter 

values. 
• If there is little likelihood of the country being weak (A < A ) then 

t his additional commitment capacity does not alt e r the equilibrium. Thi s 

result is intuitively reasonabl e. If the bank believes the country to be 

strong, it prefers to withdraw large amounts of product both today and 

tomorrow. It is not interested in starting tomorrow with a small debt. What 

it would really like (but it can't) is to commi t itself not to reduce debt 

bellow 11 2~ even if it observes no effo rt today. Therefore, a llowing the 

bank to commit itself to start t omorr ow with a sma ll debt does not 

alter the eqUilibrium at all. 
• 

To explain the re s ult about A values above 1\. it is convenient to 
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first comment on the A > (1 - K) case. The equilibrium we obtain is 

equivalent (in expected utilities for both agents as well as observed efforts) 

to the bank ,committing itself i n the first period to respect a contract which 

can be decomposed into two parts, one for each period, as follows. For the 

first period it proposes the same contract it would propose in a 

one-period model if we allow it to specify the amount to be repaid as a 

function of the country's product, instead of a debt (a fix payment, 

non-product dependent). It has the following characteristics. It offers the 
1 country between two pairs of payment-effort.. One of these pairs is designed 

for the strong country and the other one for the weak count ry. It is a 

contract such that each country finds convenient to take the pair designed for 

it. It gives the strong country more than its reservation utility and the 

weak country its reservation utility. It prescribes a strong country first 

best effort level and a strictly positive but bellow the first best level 

effort for the weak country. The intuition for this first part of the 

contract is as follows . Instead of set ting a unique payment, two pairs of 

payment - effort are offered. It is not possib l e to set the optimal complete 

information pairs, because the pair offered to type a would a l so be taken by 

type~. To avoid this, both pairs must give type ~ the same utility. This is 

why the first-period contract specifies, on the one hand, a payment for ~ 

lower than the optimal compl e te information payment and, on the other hand, to 

discourage it to choose the pair designed for type a, it reduces the effort 

prescribed for a bellow its first best level (type ~ looses more than type a 

from reducing effort bellow the first best level) . 

For the second period, the same contract is offered as i n the one-period 

model when A > (1 - K), that is, a "small" payment is set. Let us remark 

that, since in the first period each country chooses the pair designed for it, 

at the beginning of the second period the bank knows which type of country it 

faces . Nevertheless, even though the bank knows that at the beginning of the 

second period it might have learned it faces a strong country, it sets at the 

first period a small debt for the second. 

way of its commitme nt capacity. 

The bank takes advantage in this 

So, when A > (1 - K) the optimal two-period contract is equivalent to an 

optimal product-depende nt static contract in the first period fol lowed by an 

opt imal debt contract in the second period. 8 . It is worth comparing this 

1 
Remember that in our model e ffort equals product. 

8 
Contingency in the first period product is due to the possibi l ity o f making 

tomo rrow' s debt a func tion of today's pr oduct a l ong with gunboat technology. 
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version with the one-period model. In this static model, if the country makes 

an effort and a product lower than the repayment due, its entire product is 

withdrawn. So in such a a situation it will make no effort at all. In 

contrast. in this version of the two-period model it is possible to induce the 

country to make an effort which is positive and at the same time lower than 

ii'. This is because the contract specifies the future debt as a function of , 
today's actual repayment. Thus, although the first - period bound is not 

achieved, if the initial repayment is positive a future debt can be set which 

is lower than the one would prevail if no repayment were made. This allows 

t he contract to be contingent in the first-period product. This is why a 

contract equivalent to the one we have described is achieved. 

When A < (1 - K), it is not possible to establish a cont ract similar to 

the one just mentioned. Thi s is because the bank cannot cammi t to a second 

period optimal static contract when A < (1 - K). If at the beginning of the 

second period it knows with certainty that the country is weak, it will reduce 

the debt if it finds a high debt. It cannot commit to set a "high " repayment 

(to set the stat i c opti mal debt when A < (1 - K)) to a country it knows with 

certainty is weak. This is why the bank chooses one of the two options just 
• 

mentioned. The frontier between both options is ~ . 

In the following proposition we compare the equilibrium under temporary 

relief with the eqUilibrium under debt reduction and gunboat techno logy. 

Proposition 4 

Assume the gunboat technology 

1. If in the one-period model there is no stonewalling (A > l-K), then: 

i . i) The expected utility for the bank is strictly higher under deb t reduction 

than under temporary relief. Nevertheless 

i. ii) The expect ed utility for the type i! county is strictly h i gher under 

temporary relief than under debt reduction. 

1. iii) If/; < ]-K , the equil ibr ium effort unde r temporary rei ief is always 

the first best effort . The equilibrium effort for the type a country under 

debt reduction is strictly lower than the first best level. 

Hore general ly. 1n a two-period model a similar characteristic will arise as 

long as t he actual r epayment when the product is lo wer than the r epayment due 

depends monotoni,-' ')'lly on Lhe produc t. 
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If 0 > l-K, type s ( a ) country makes a first best effort under 

debt reduction (temporary relief) and the type a ( s ) country makes an 

effort which 1s lower than first best . The expected value for the 

equilibrium effort is higher under debt reduction than under temporary relief. 

2. If 1n the one-period model there is stonewalling ( A < l-K ) and if the 

equilibria under debt reduction and temporary relief are different from each 

" other ( A > A ), then: 

2.i) The expected utility for the bank is strictly higher under debt reduction 

than under temporary relief. 

2. i 1) The expected ut 11 ity for the type l!. country is higher under temporary 

relief than under debt reduction if and only if the equilibrium under 

temporary relief exhibits no stonewalling. 

2.iii) The expected value of the equilibrium effort ·is higher under temporary 

relief than under debt reduction if and only if the equi librium under 

temporary relief exhibits no stonewalling. 

Proof. 

It follows from the comparison of equilibria in both cases . 

• 

The interpretation of this result is similar to the one we have made 

after proposition 2.3. The bank can increase its profits due to the enhanced 

commitment capacity it has. This however, can harm the country if it is type 

l!.. The intuition (as proposition 2.5 will confirm) is that the bank can be 

more selective in its forgiveness to type l!. because it can make the initial 

repayment contingent on the product. 

Solution under technology product destruction 

In this section we study the advantages from being able to set today a 

finite tomorrow's debt that derive from the sheer enhanced commitment 

capacity. In the previous section we have seen that these advantages can 

appear mixed with those derived from being able to set a 

first-period-product-contingent contract . Now we want to isolate them. One 

way to do it is by assuming that if the payment made by the country is lower 

than the payment due, the bank receives no payment at all, that is, the 

confiscation process produces its total 10.559 , This assumption makes the 

9 
In equi librium this will never occur, but the knowledge that it would happen 
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two-period model more comparable to the one-period model because it faces the 

bank with the same dilemma it faces under the one-period model : to make 

attractive to the type a country to repay the amount due or else to receive 

nothing from it . It discards the possibility of the bank inducing effort 

levels which are positive but smaller than the repayment due . 

as follows. 

Proposition 5 

Assume the technology product destruction 

The result is 

a) Assume that in the one-period model there is no stonewalling (A > 1 - K) 

The equilibrium under temporary relief differs (in expected utilities) from 

the equilibrium under debt reduction and product destruction if and only if 

the first one exhibits ratchet effect (5 > l-K) . I n such a case, the second 

one exhibits a higher effort level -the first best level- than the one under 

temporary relief, the same expec t ed utility for the country and higher 

expected utility for the bank. 

b) Assume that the one-period model exhibits stonewalling (A < 1 - K) 

If the equilibrium under temporary relief differs from the equilibrium under 

debt reduction and product destruction, then the las t one shows higher -the 

first best level- equilibrium effort level and higher expected utilities for 

both the bank and the country than the former. This situation appears for 

parameter values that produce type (b.I) and (b . 2) (but not (b.3)) 

equilibria under the temporary relief model 

Proof (See appendix) 

The bank's capacity to commit itself to start tomorrow with a finite debt 

does not harm the country. 

In the first case its only effect is to allow the bank to reap the 

benefits derived from avoiding the hiding of the type ~ country in the first 

period . It achieves this by making the commitment of charging both countries 

the same amount in the l ast period. In exchange it charges the type ~ country 

today an amount equivalent to the loss it would incur into if it had to hide. 

if the product were lower than the bound s et by the bank will cause the 

country to make no effort at all in case it decides to produce bellow the 

repayment dUe. 
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In the second case this same commitment also benefits the country. The 

reason is that without commitment capacity the equilibrium would be either a 

separating equilibrium in which l! would have to produce zero to hide itself 
-fb (instead of the cheaper e - hiding), or else a semi- separating equilibrium in 

which l! obtains on l y its reservation utility because the bank decides to 

renounce to a's repayments both periods. 
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4. ARISING OF STONEWALLING IN A T-PERIOD MODEL 

We have seen that, under the temporary relief scheme, if in the 

one-period model there is no stonewalling, then in the two-period model there 

isn't either. Yet, this feature cannot be generalized to models with more 

periods. This is due to the arising of the ratchet effect. 

If the discount factor is small relative to K (5 < 1 - K), then the 

today the ratchet effect never appears. Type J! country prefers to get 

benefits of its efficient behavior even though this gives itself away and it 

never again obtains a generous forgiveness . 

never appear as we increase the number 

stonewalling in a one-period model implies 

model. 

In this case stonewalling will 

of periods in the model: no 

no stonewalling in aT-period 

If the discount factor is big relative to K (5 > 1 - K), then the 

type J! country, knowing that if it manages to keep its reputation of being 

weak it will obtain a generous forgiveness, will hide under the type a 

first-best effort level: there is ratchet effect . Thus we have three possible 

scenarios: 

The bank knows that if it grants a forgiveness big enough to induce type 

a country to make its first-best effort, then type J! will mimic it : there 

will be ratchet effect . Yet, it prefers this situation to one in which it has 

to give up type a's repayments . This happens if 5 is medium and the 

probabili ty of the country being weak not too close to one. Then we always 

have generous forgiveness as well as ratchet effect. The bank does not 

separate both types of countries because the disc ounted losses from the 

ratchet effect are not too big. 

For higher discount factors, the permanent hiding of J! ' (except for the 

last period) under type a ' s first-best level (which is suboptimal from J!' s 

perspective), if the time horizon is long enough, produces welfare losses 

higher than those resulting from a present stonewalling . Thus, the bank 

grants a small forgivene ss, such that type a makes no effort, but attractive 

enough to induce type J! to make its first-best effort level and thus reveal 

its type. Then we will have a transitory stonewalling: the bank will grant a 

small forgiveness to separate both types of countries and once it achieves 

this it will grant a generous forgiveness to the weak type and a small one to 

the strong type, so that thereon each type will make its first-best effort 

leve l. 

Finally, it can happen that although · the welfare future losses from the 

ratchet effect are higher than those resulting from an i nitial transitory 
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stonewalling, type ~ requires an initial forgiveness so big that even type·a 

wants to take it. Then the instruments wi th which we have endowed the bank 

are not sufficient to separate both types of countries and we will have 

permanent generous forgiveness and ratchet effect. 

Now we specify the formal T-period model . The product of the country in 

period t, yT, is a fUnction of its effort in this same period, 
t 

T 
e . 

t 
We assume 

T T Y = e in each period t , t = 1, 2, ... ,T. 
t t 

The extensive form of the game is as follows . First nature plays choosing the 

parameter a in the country's utility function according to the probability 

function (1). The value taken by this variable is known only to the country. 

Next, wi thout knowing a's realization, 
-T the bank chooses the payment R E IR 

1 
-T T Knowing a and R , the country chooses e E IR+ 

1 1 
which the country must meet . 

which determines the first period product yT and gives to the bank the amount 
1 

T T-T 
R = min {y R}, ending the first 

1 l' 1 
period. Next we describe the actions 

beginning of the p th period the bank in the pth period, 2 ~ P ~ T. At the 

sets the bound for that period, RT E IR, knowing the bounds it has set and the 
p 

efforts the country has made a ll the previous periods. Then, having the same 

information as the bank and, in addition, knowing 

eT 
E IR+ and gives to the bank RT = min { yT, RT }. 

P P P P 

Figure 6 

a and RT, 
p 

Nature bank sets country makes bank sets country makes 
chooses 

a E { l! , a } RT 
1 

Country's utility is 
T 

T 
e 

1 

T 
e 

p 

the country makes 

country makes 

with U
T 
l 

for t = 1. 2 . .. .. T 
l 1 

Bank's utility is 
T 
L Ii ITT with ITT = RT for t 1, 2, .... T 

l l t 
l = 1 

We define a history observed by the country in period 1 as The = (a, RT) and, 
1 1 

c c -T in period p, 2 ~ P ~ T, as Th = (Th ,e R). Likewi se, a history 
p p-l p-l p 

observed by the bank in period 1 is ThB = (D), in period 2 is ThB (RT, eT) 
1 2 1 1 

and, in period p, 2 ~ P ~ T, ThB = (ThB , RT . eT ). 
p p-l p-l p-l 

A strategy for the country s pecifies a function for each period p = I , 

2, . .. ,T, which assigns an effort level eT to each history observed The. 
p p 

A strategy for the bank specifies an upper bound R: for the first peri od and, 
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th 
for the p period. 2 ~ P ~ T. a function which assigns an upper bound 

each observed history ThB. 
p 

Equilibrium concept 

A perfect bayesian equilibrium for the T-period model is a pair of strategies 

and beliefs AT(ThB) = P (aIThB) for each period p. 2 ~ P ~ T such that: 
p p p 

1) eT maximizes 
p 

m=p 

for p = 1. 2 •.... T. 

T 
ii) RT maximizes E L p 

m=p 

for p = 1. 2. ... . T. 

RT 
m 

'tI The 
p 

g iven the bank's strategy. 

'tI ThB given the country's strategy. 
p' 

(B) AT(ThB) is derived from 
p p 

the probability AT and the country's strategy 
p-I 

using Bayes'rule. whenever a positive probability event is observed. 

We ask the off-equilibr ium updated beliefs to satisfy the fol l owing condition 

(B' ) If a history (Th
B 

• 
B p-I 

is observed. t hen A (Th ) = 0 

RT • e T 
) with 

p-l p-l 
probability equal to 

if there exists 
p p 

expected utility strictly lower by choosing gets an 

T -
e s.t . type a country 

1\:-1 
e than by choosing 

zero 

p-I 
e

T 
'for each optimal bank's strategy restricted to periods p. p + 1 •. . . T. for 

p -l 
some A . 

p 

Proposition 6 

Consider the asymmetric information model under temporary relief and 

assume that in the one-period model there is no stonewalling (A > 1 - K 

and R = 1/ 2a) . 

a) If il < (J - K) then in the T-period model ('tI T) there is nei ther 

fl = 1/ 
1 

ratchet effect nor s tonewal ling in the first period ('tI T we have 
- T fb - T -fb 

2a and e ::: ~ e = e ) and from the 
- 1 1 T fb 

compl ete information bounds (if e = e then 
T fb - T 1 

second period the bank sets the 
- T 
R

t 
= 1/ 2a for 2 < t .5. T. 

If e
l 

= ~ then R
t 

= 11 2~ for 2 ~ t ~ T) 

b) If il > (1 - K) • one of the following three situations occur (and each one 

of them occurs for some parameter configuration) 
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b. i) If 5/ (1 - 5) ~ { K + A - 1 } / (1 - A)(1 - K)2, then the T-period model 

equilibrium exhibits ratchet effect in all but the last period, but it never 

exhibits stonewalling (V T T 
1/ 2a for 1~ t ~ T, and l! hides the bank sets Rt = 

T -T -fb itself: ~ t = e
t 

= e if 1 < t < T - 1) 

Consider the increasing sequence 

SeCT) = 1 - A - K + (1 - A)(1 + + ••• + 

and the decreasing sequence 

SD(T) = 1 - K[ 5 + . •. + 5T- 1] + 5T 

Notice that if 5/ (1 - 5) > { K + A - 1 } / (1 - A)(1 - Kl then there 

exists T" s. t . 

Se(T") > 0 and SeCT) < 0 if T < T" 

b.ii) If 5/ (1 - 5) > { K + A - 1 } / (1 - A)(1 - Kl and SD(T") ? 0, then 

there exists T (T = T") s. t. in the T-per iod model equil ibr ium there is 

il > 1/ 2a, e T = e fb eT = 0 and from the second transitory stonewall ing: 
1 - 1 - 1 

per iod on the bank sets the optimal complete information bounds (if eT =0, 
1 

then R
t
T= 1/ 2a for 2 < t < T. If e ,

T= ~fb then R
t
T= 1/ 2l! for 2 ~ t < T) 

b.iii) If 0/ (1 - 0) ? { K + A - 1 } / (1 - A)(l - K)2 y SD(T") < 0, then 

V T the T- period model equilibrium exhibits ratchet effect in all but the last 

period and it never exhibits stonewalling: we have the same result as in h. i . 

Remark. In b. i) the transitory stonewalling does not appear because the 

benefits from avoiding the type l! hiding are lower than those resulting from 

the loss of the initial a's product. In b . iii) such inequality is reversed, 

but the initial bound required for l! t o reveal its charac te r is so s mal l that 

it does not cause stonewailing . It does not induce a to make no effort. 

Proof (See appendix) 
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APPENDIX. PROOFS OHMITED IN THE MAIN TEXT 

Proof of proposition ~ 

We first derive two necessary conditions for equilibrium (Similar to Freixas , 

Guesnerie and Tirole (1985)) . 

e 1 E { 0 , 11 a }. 

Proof: 

In the second period the type ~ country obtains zero expected utility for 

all the bank's beliefs (Proposition 2. 1). Thus, in the first period its 

choice must maximize its expected utility of only this period . 

o (Lemma 4. 1) 

~ 1 E { 0 , lIa 1I~ }. 

Proof : 

Let us assume that e is in the support of e but outside the support of , - , 
e , We will have A (e ) = 0 and, 

2 , 
therefore, if e is observed, a , - will have 

utility. Thus e must maximize , in the second period zero e x pected ~' s first 

period expected utility and be equal to 11 ~ 

e , = 0 

e = 11 a , 
.. e E { 0, 11 ~ } - , 

.. e E { 11 a , 11 ~ - , 

(The proof is as in lemma 4. 2) 

o(Lemma 4.2) 

o(Lemma 4. 2') 

Now we establish a necessary condition for the updating of beliefs in 

equilibrium. 

If e = 11 ~ is observed, then A = O. , 2 

Proof. 

It follows from Bayes'rule if 1I~ is · in the support of e and from -, 
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condition B' otherwise. 

o(Lemma 4 . 3) 

Now we will consider in turn the cases in which (1-A) is higher or lower 

than K 

CASE ( 1 - A ) < K 

Fact 4.1 

If (1 - A) < K, 

Proof. 

in equilibrium R > I /Za 
1 

Assume to the contrary that the equilibrium exhibits R < 11 Za. 
1 

The expected utility for the bank is thus 

Ell 
if a > (1-K) = { R, + (11 Z ~) a 

R + [ (I-A) (11 ZJ!.) + A(ll Z~) 1 if a < (1-K) 
1 

because then the supposed equilibrium must also show: 

H4. 1. i) e = 1 I ~ (in the second period it will obtain zero. This is its 
1 

optimal first period effort which provides it with a positive expected 

utility, because R < 1 I Z ~) , 
H4. 1. il) § 1 = 1 I a if a ~ (1-K) (Pooling) 

§,=1IJ!. if a < (1-K) 

because with ~ = 11 a obtains 
1 

lla - (al2) (1I~2)_R + [ 11 Za - 11 Zal a - , -

and wi th § = 1 I J!. obtains 11 2J!. - R + 0 a 
1 

Thus ETI is strictly increas ing in R
1

• which is a contradiction. 

Cl (Fact 4.1) 

In the case R = 1 I 2a it appears a new possibility: that of a 
1 

randomizing. We must make sure that the bank does not want it to do it. 

Fact 4 .2 . 

Suppose tha t 

for the bank is 

in equilibrium R , = 1 / 2a. Then the expected utility . 
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Err = { 1 I 2a + 3 (II 2a) 

1/ 2a + 3 [A(1/ 2a) + (1-A)(1/ 2l!)] 

if 3 > 1-K 

if 3 < 1-K 

a is indifferent between e = 0 and e = 11 a. , , 
Let x = Pte = 0) , , 
Every x, E [ 0, 1] is optimal. 

of l! is different. We have 

For each x" the optimal reaction on the part 

multiplicity of equilibria. Yet, under the 

hipothesis that the 

will show that R = , 
chosen x maximizes the bank's expected profi t5, we , 

1/ 2a implies x, = 0 (and thus we obtain the stated 

profi ts). 

It is c lear that x > 0 has a negative effect on Err by reducing the expected , 
payments from a. There is, never theless , another effect working in the 

oppos ite direction: it reduces the incentives for l! to hide under a's product 

(1/ 2 a). 
Next we prove that 

The idea is that 

x > 0 does not maximize the bank's expected profits. , 
if x, is very small, then it does not alter ~. s 

behavior but it does decrease a's repayment (relative to x = 0). We find that , 
to alter a's behaVior , x must be so high that it is disadvantageous to the - , 
bank: the benefi ts from inducing l! to reveal its type do not make up for the 

loss of ~·s product . 

Let us find the op timal ~ Let: , 
Pte = 0 ) = 2£ -, , 
Pte = 1/ a) = 1i -, 2 

The expected utility f or l! under the actions in its support are: 

EU(11 l!) = II 2 l! - 1 I 2 a + 0 

(from lemma 4.3 it follows that 1- A (II 2a, II l!) = 1 > K and thus l!'S second 
2 

period utility is zero) 

EU(a) < a + [ II 2l! - II 2a] 3 

If 3 < 1, then e = a is strictly dominated by e = I ll! -, -, 
Si 3 = I, then e = a is weakly dominated by e = I l l! -, -, 
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f 
+ [ 112 .!!. - 11 2 a ]c5 if 1 - A (e = 

2 I 

EU(lI a) - '+' + o c5 if 1 - A (e = 
2 I 

, + ' + [ 1/ 2 .!!. - 1/ 2 a ] c5 y if 1 - A (e = 
2 I 

CASE c5 < (l-K) 

EU (1/.!!.) > EU (1/ a) v A2 ' and thus 

ElI = (11 2a) (l - A x ) + c5 [A(l/ 2a) + (l-A)(lI 2.!!.)] 
I 

11 a) < K 

1/ a) > K 

1/ a) = K 

from where it is clear that x = 0 maximizes the bank's expected profits . 
I 

CASE c5 > (1-K) and x < 1 - (1-K)(1-A )/ KA 
I I I 

In equilibrium: 

e = 1 / a 
- I 

1- A (e = 11 a) < K 
2 I 

ElI = (1- A x ) / 2 a + 1 / 2 a and so 
I 

R2 = 1 / 2 a: 

x = a maximizes Ell, whi ch then attains the value 
I 

EIT(R = 1/ 2a, x =0) = 1/ 2 a + 1/ 2 a 
I I 

Proof 

By Bayes' rule we have: 

and 

1 - A (e = 1/ a) 
2 I 

(l - A ) x / { ( 1 - A ) x + A (l - x » 
1 -z 1 -z 1 1 

Now, 

(1-A) x / {(1-A ) x + 
1 -z l-Z 

1> 2 / (l - X,) < 

Thus: 

A (1 -
I 

K A 
I 

x < 1 - (l-K) (l - A ) / K A 

x » < K 
I 

/ [ 1-K ] 

I I I 

iff 

1-r.. ] (l2 ) 

1 - A (e =11 a) 
2 I 

< K 

.. EU (e = 1/ a ; .!!.) = ' +' + 1/2.!!. -1 /2a 
I 

Intui tively: x, small .. if e = 1/a is observed the bank believes the 
I 

country is weak because a chooses 1/ a with a high probability (1-x ). 
I 

CASE o > (l-K) 

o(Case 0 > 1-K and x < 1 - (1 - K)(1 - A)/ KA 
I 

and x > 1 - (1-K)(1-A ) / K r.. 
I I I 

In this case 

Proof 

EIT < 1/ 2 a + 0( 1/ 2 a) 

We will consider all t he possible va lues for x 
..." 

i . e ., for the probability of 
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e = 1 / a -, 

i) Assume x .= 0, i.e . , ~ never chooses l/a , i.e . ~, E { 0, 1/ ~ } 
- 2 

Then 1-A (e = 1/ a) = 0 < K or x = 1 (in which case Bayes' r ule does not 
2 1 1 

app l y) 

If x < 1 , ( in which case the first of the previous sta t ements apply) 
1 

then £U(e = 1/ a) > EV (e E { 0, 1/ a }) , and --1 --1 -

t hen the only optimal choice for ~ is ~ 1 = 1 / a i . e., 

Thus, ~= 0 ~ x = 1, i . e., e = 0 with probabili ty one. 
. 11 

" 2 
= 1 

ii) Assume x 
-;, 

1. 

Then 1- A (e 1/ a) < K iff x < 1 - (l - K)(l-A ) / K A 
2 1 1 1 1 

So, (1 - A (e = 
2 1 

1/ all 

from where ~ = 1/ a 
1 

> K ~ V(e = 
1 

is not optimal. 

1/ a 

II 

~) < V(e = 0 ; ;!,) 
1 

Thus, ~'s optimal ac tion is to randomize, wi t h 

x = (1- x ) KA / (1-K) (1-A) 
-;, 1 

Bank's expected profits are : 

Ell = 1/ 2 a[ 1- AX, 1 + 0 (1/ 2a) [1-(1-;>.) (1-"-,1 + 0(1/ 2 ~) (1-;>.) (1- " 2) 

8EITI 8x = - ;>. / 2 a - 0 { KA / ( l-K) (l -A )} {(1 - ;>')/ 2a- (1-;>') / 2~ } 
1 

whi ch has the same sign as (d iv iding by A and multyplying by 2) 

- 1/ a - 0 { K(l- A) / (l -K )(l - A)} { 1/ a - 1/ ~ } = 0, and as 

(multiply i ng by ~ and by K= ~/ a) : 

- K - 0 K(-l + K) / (l - K) = K(o - l) < 0 

Thus x 
1 

= 1 - ( l~K)(l -A ) / 
1 

K;>' maximizes t he expected bank ' s profits in t he 
1 

interva l 

obtain 

1 - (1 - K) (1 - A ) 
1 

/ K \ ' 1 1. Evaluating EIT in s uch va lue we 

EIT = ( 1/2 a) (1 - ;>' + ( l-K)(l-;>' ) / K) + 0(1 / 2a) < 1/2 a + 0 ( 1/ 2 a 
1 

because A > (l - K)(l-;>' ) / K iff ( 1-;>') < K. 
1 

This ends the proof that it is not optimal for the bank to set 

x> 1 - (1 - K)(1 - A) /K;>. 
1 - 1 1 
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Fact 4.3 

In equilibrium R < 11 2 a , 

Proof. 

Assume that in equilibr ium R, > 11 2 a Then it also holds 

i) e = a because otherwise a obtains a negative EU , 
ii) e -, 
iii) If 

e { a , 11 ~ } by l e mma 4.2'. 

the s upport of e contains as onl y e l ement 0 , then -, 
Err = 0 + 0 veAl < (1-A)(11 2a) + 0 veAl < Err (112 a) which contradict s the 

R. , optimality of 

iv) Assume 11 ~ belongs to the support of ~ , 
Since A (e = 11 2 , 

EU(l I 2~) 

2~) = 0 we wi 11 have: 

=1I 2a -R - , 

Then 

that is, type ~ country doesn't get a positive utility level in t he second 

period. 

Moreover, since e = 0 , A (e = 0) > A > ( l-K) (from Bayes' rule) 
1 2 1 -

Thus, if the bank observes e = 0, its on ly optimal answer is to set , 
R = 11 2a, because we will then have A > ( l-K ) and the country will obtain 

2 2 

EU(a) = [1/ 2~ - I I 2a ] 0 

Since e = 11 ~ is optimal, we have -, 
EU(11 ~) > EU(O), from where : 

it < (I I 2a) [ 1 - o (1-K) ] , - -
And t hus we have: 

EIT (it ) .s. (1 - A)(11 2;!)[ 1 - o(1 -K)] + 0 [A(lI 2 a) + ( I-A) (II 2~) , 
= (1-A) [ 11 2;! + 0 (1 1 2 a ) ] + A 0 (1 / 2a) = 

= (1- A) (II 2~) + 0 (1/ 2 a) < II 2 a + 0 (11 2 a) .s. EIT(11 2a ) 

where the first inequality follows from the bank being unable t o get more than 

the complete information profits in the second period, and the second 

inequality from the hypothesis t hat (1 - A) ( 11 2;!) < 11 2 a y 0 < 1. 

Intuiti vely, if the bank set s R > , 
wants to induce ~ to reveal its character, 

11 2 a, 

it has to 

can obtain tomorrow by hiding its true character. 

o (Fact 4.3) 

then e = O. If it , 
give to it al l that it 

No tice now that in both 

cases (h iding or revealing its character) , the type ~ count ry will make 

tomorrow the same effor t (e = 11 _a) , and t his is why if the bank induces it -, 
ra revea l its char acter, the only thing it achieves is to reci eve today what 

it would receive tomorrow. The only relevant change is t hus the one from 
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1/ Za to (1- >.) (11 Z i!o) , that is, we face the same comparison as in the 

one- period model. 

CASE (1-A) > K 

Lemma 4 . 4. 

Let R: = II Z ~ - 0(11 Z~ - I I Z a). 
I 1 R {Z'a < Z} n equi ibrium ,E 1/ , R" 1/ ~ 

!;. .. 

Proof 

Assume that in equilibrium R > II Z a. , Then in equilibrium we will alsto 

have the fo1lowing 

i) e = , o (since e , 
ii) EU (1/ ~) = 1/ 

EU (0) 

features 

;;: 1/ a:G\.iould 

Z~ - R~ " , 
I f;~ 

r· 
I 

r 

yield a negative expected uti l ity) 

i f 1 - A (e = 0) > K 2 , 

if 1 - A (e = 0) < K 
2 , 

Now we get rid of the R yalues that does not belong to the set mentioned in 
1 .. ' 

the lemma. 

iii) In equilibrium it 
Jc 

cannot be that II 2 a < R < R< 
'ru 1 1 

(that is (II 2~ - R ) > 0(11 Z~ -I I 2a» , 

Assume it is. Then e 

EIT(R ) = R (I-A) , , 
- .§.1 

+ o(1-A) (11 

= 1 I ~ is the only optimal ~'s action, and 

2~) + 0 A (II 2 a) 
from where 

d EIT(R,) I d R, (I-A) > 0, which is a contradiction. 

iv) In equilibrium it canmot be 

(that is (I I Z~ - R ) < 0(11 , 

Assume it is. 

< R , 
-11 

iv. i) 

Then 

Assume x = a (Separating equilibrium: -, 
1- A (e = 0) = O,and 2 , 

EIT(e =0 , 
• 

e - , = 0 # 

i!o) = II 2 ~ - 112a > II 2 ~ - R = , 

~ = 0 never occurs) 

Err (e , = 1/ ~ i!o), and 

iv.ii) Assume!$. 1 (Pooling equilibrium: ~ o with certainty) 
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Then 1 - "' (e ; 
• 

e - , 
2 , 

; 1/ II # 

; 1- ", > K, and , 

iv. i ii) There exists a semiseparat i ng equilibrium: 

x ; 0 ~ 1-", ; 0 
-, 2 

X ; 1 ~ 1- ", ; 
- , 2 

d(l-", ) / dx ; { 
2 - , 

and thus 

1-", > K 
, 2 

x (1-",) + -, ",(1-",) - x (1_",) 2 } / [ -, > 0 

there exists a unique 

Let us now comput e EIT 

x ; K", / -, ( 1-",) (1 - K) E (0, 1). 

under this unique semiseparating equilibrium. 

i l 

Err; P( e ; 0) [ 0 + V (",(e ; 0» , , ] + pee ; 1/ a) [ R + V(", (e ; 1/. 11» 
1 - 1 1 

a) + (1 - ",) (1- x ) [ R +1/ 2 a 1 
-1 1 -Err; [(1 - \)1>,+\ ] (1 /2 

The first term tells us that it is possible for the country to make no effort 

at al l in the first period . If this happens, the bank won't receive 'any thing 

thi s period and, at the beginning of the second one, its beliefs wil~' be such 

that V(",) ; 1/ 2a (we will have 1- ", 
- 2 

; K and it will be indifferent between 

setting R ; 1/ 2a and receiving this amount with cer tainty , or else ~etting 
2 

R 
2 

; 1/ 2 II and risking to receive nothing) 

This events happens with probability [(1 - "' ) x + , -, 
The second term considers the event e ; l/a . 

1 -
it happens, the bank 

R , the first period, and its second period receives beliefs are", ; l," so that 

V(",) ; 1 / 2 ll. This occurs with probability", [ 1- x 1. -, 
We have that dEIT / dR ; ( 1-",) (1- x » 0 , and so it is no t optimal to ·se t 

1 - , 

R s . t. 1/ 2a < R < R< 
1 1 1 

a (i v) 

v) In equilibrium it cannot occur R > 1/ 2 II 1 

Proof 

If t hat were t he case, then 

EU(1/ ll) ; 1/ 2 II - R < 0 
1 

; { : + 0 if (1 "' ) 
> K 

EUW) 
2 

+ [ 1/2 II - 1/ 2a 1 Ii if (1 "' ) < K 
2 

So, §:.' s strategt prescribes choos ing e ::: 0 with ce rta inty which leads) tb -, 
1- A ; 1 - A > K, and 

2 1 

EIT ; 0 + 

whi ch i s 

Ii (1 - A ) (1/ 2 ll) 
1 

lower than the expected utility the bank gets if it s ets R 
1 

(See fact 4.5), wh ich is a contradict i on. 
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Finally we have that 

R < 11 2a , vi) in equilibrium it cannot occur 

(It is evident fr om the proof of fact 4.5 . The only effect of reducing R , 
below 11 2a is to reduce the initial payment: the comparison between A and C 

is not a ltered) 

o(vi) 

o(Lemma 4 . 4) 

We will now compute t he bank's expected prof its under each one of the 

three possible R values. 
1 

Fact 4.4 

If R, = 11 2~ ~ EIT = (1 -A-K)(1/2~)/(1 -K ) + o(1-A)(1/2~) 

Proof: 

If in equilibrium we have R = 11 2~, then we will also have 
1 

H4 . 4.i)e,= 0 

H4.4 . ii) ~ randomizes in e E { 0, 11 _a } with ~ = KA I (1 -A)(1-K) -, , 
Proof (Of F 4.4 . ii) 

To find ~'s opt ima l reac tion we fir s t notice tha t 

b. ii) EU(e = 1 /~) = - -, 

0 

EU(e - -, 0) 0( 11 

0+0 

2~ - 1/ 2a) . 1 
0(1/ 2~ - 1/ 2a)y 

if (l-A ) 
2 

> K 

if (l-A ) 
2 

< K 

if (l-A ) 
2 

= K 

where y is t he probab i lity 

Let x = Pe e = 0 I ~ ) 

of t he bank choosing R 
2 

-, 1 

We have 

(l - A ) = x (l - A) I [ x (l -A ) + Al 
2 -1 -1 

(1 - A ) ~ K iff x ~ KA I ( 1-A )(1-K) 
2 -, 

11 2a if hB = 
2 

i) Assume x = -, o (i.e . e ; -, I I ~ , i.e., separating equi libr ium ) 

Then 1- A (e = 
2 1 

0) = 0, and 
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EU(O) = 5( 1/2 ~ - II 2a) > 0 = EU (II ~) # 

ii) Assume x ~ KA I (1-A) -, K) (a particular case is e = 0 wi th -, 
certainty, i.e., pool ing equilibrium) 

Then l- A(e = O) 
2 1 

and 

EU(e - -, 0) = EU(e = - -, 
~ K, 

11 ~) (if x = KA/(1-A) (1 - K) it is a l so necessary to have -, 
y = 0) 

Thus ~ 1 E { 0, I I ~ } 

We t hus have a continuum of semiseparating equilibria . (Moreover, ~ 1 = 0 

with probability one is a lso an equilibrium) 

To so lve thi s indeterminacy . we assume the equilibr ium most preferred by the 

bank is chosen. 

The bank's expected profits are: 

Ell = [ A + (1 - A) " I II 2 a + (1 - A)(I- x ) [ II 2~ + 11 2~ 
1 -, 

decreasing in x : - , 

dEli I d" = (1-A) ( 11 2a) - ( I - A) [ 11 2~ + 112;; 1 = (1-A) { 11 2~ -[ II 2~ + 
1 

II 2 ~ I } < 0 

and thus 
• x = KA I (I - A) (1-K) -, 

o(H4. 4.11) 

We t hus have 

EJI(R = II 2~ ) = 0 (1 - A) I 2 ~ + [ (I - A) - K I I 2 ~ [ 1 - K I 
1 

= ( 1 - A/(l-K»(ll 2;;) + 0(1 - A)(11 2;;) 

If R = I I 2 a then 
1 

Ell 

Proof 

{

II 2a + 0 ( I-A) ( 11 2~) 

11 2a + 0 { (1 - A)(11 2;; ) + A(11 2a) 

We first see that it is st rai ghtforward tha t 

o (Fact 4.4) 

if '0 >(1-K) 

if 0'<; (1 - K) 

H4 . 5 . 1) a finds it optimal to set e E { 0 , 11 a 
1 

}, that is , X E [0,11. 
1 

o 

We have mu ltip li c ity of equ i li bria once more. We will select that preferred 
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by the banle CWe wil l see later on that 0 < 1 .. e = 1/ a) 
1 

Let u s denote by '+' the expression 1/ a - ~/ Z Ca)2 

s:' s payoff is given by: 

~ 1 
0 + 0 0 if 1 - ACe = 0) > KA/(1-K) C1-A ) 

1 

EUC~ 
1 
= 0) o + C1/2~ -1/2a)0 if 1 - AC e 

1 
= 0) < KA/ (1 - K) C1 - A) 

o + (1/2~ -1/Za)oy if 1 ACe = 
1 

0) KMC1-K) (1-A) 

1 
B = '+'+ o 0 if 1- ACe = 1/a) > KMC 1-K) C1-A) 

1 

EUC~ = 1/ a) C = ' +'+ [1/ 2~ - 1/ 2a]0 if 1-ACe = 1/a) < KM(1-K) (1-A) 
1 1 

'+ '+ [1/ 2.. - 11 2a]oy if I-ACe = 1/a) = KA/(1-K) (I-A) , 

1/ 2~ - 1/2a + 0 

Notice that C > A is equivalent tc 0 > 1 - K a nd consider in turn the cases 

o > 1 - K and 0 < 1 - K 

Caso 0 > (1-K) 

• 
H4. 5. iil i! randomizes in { 1/ a , 1/ _a }, with x KA I (1 - K) (1-A) 

- 2 

Proof COf Fact 4.5.ii) 

By Bayes ' rule : 

I-A Ce = 1/ a) < K iff 1> < K A (1-x ) I (1 - K)(1 - A) 
2 1 2 1 

I - A (e = 0 
2 , 

iff x ~ K A (I - x) / (I-K)(I-A) - , , 

Suppose x < (1 - x )KA/(I -K)(1 - A) (For instance 1> 2 = 0, --z , i. e. , ~ = 1/ ~ , 
always) 

Then I-A (e =l / a) < K and, since C > A, the only £!.' S best response is 
2 , = 

1/ a (i . e . , 1> 2= 1)## 

Suppose x > ( 1- x ) KA / (l-K)(l-I\) (For instance ~ 1, Le., e = 
- 2 1 2-1 

1/ a always) 

Then 1- A (e = 1/ a) > K, and e 
2 1 - 1 

1/~ is the only ~. s best response. (i. e .. 

X = 0) # 
- 2 

So, in equilibrium. 

1>2 = (1 - x,) KA / (I -K)(I - A) 
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On the other hand, 

In equilibrium 

Thus 

x - , = 0 (if 0 < 1)' because EU(~ ,= 0) < EU(~,= II ~) 

EIT = (11 Z;;) [ 1- A x ] + (11 Z;;) [ 1 -(l-A)(1-x ) ] 0 + (l/Za) (1-A) (1 - x )0 
1 ~ - ~ 

and we have 

dEIT/dx = - A(l/Z;;) +( l/Z;;)o(l -A)(-KA/( l-K) (l-A)) -o(l/Z~ )(l-A)( -KA/(l-K)(l-A)) , 

Thus, 

= -1+0 

EIT is con stant V x , if 0 = I, 

if 0 < I , 

profits. 

x = 0 is the unique equi librium t hat maximizes the bank's expected , 
Thus, for each of the two possible cases, evaluating x when x = 0 " , 

we obta in t he statement of F4.5 .ii 

When x ::; 0 we have: , 

o (F4. 5 . ii) 

Err = [ A + (1- A) 2» [ 11 Z a + 0/ Z a ] + (1 - A) (1 - 2> ,1[11 Za +1IZ~] 

from where subst itut ing ~= (1- X,) KAI (1 - K) (1 - A) we ob tain, after some 

a l gebra : 

EIT = 11 Za + 8(1-A)(11 Z~) 

Case 0 < (1 - K) 

If 0 < (l - K) we have A > C and A > 8 , and thus ~ 

o (Case 0 > ( l - K)) 

= 11 ~ is , the on l y 

optimal ~'s strategy, from where it fo ll ows the expression fo r t he bank's 

profits. 

Fact 4.6 

If in equ il ibr i um R , , 
If 0 ) , every ~ 

Yet, since the bank's 

EIT )/ 2 al ) - A; 

( 1 - ;\) (1-,!i 1 - ~ 2) 

a n d 

) 

) 

o (Case 0 < 1 - K) 

o (Fact 4.5) 

< 
R) , then EIT = (1 - A)(11 Zl! ) + 8 (11 Za ) 

-
< 1)- x I KA / 

) 
(l - KI (l-AI is a best response for l!. 

expected pr ofits a re t hen 

I) - AIX I + 0 1' / 2;) [1- (1 -1\ ) (l-x - x ) 1 + 01)/ 2 l!1 -) " -) 

a EIT/ a ~ = - ( 1/ 2 a) (1 -1\ ) + 001 2a) (1-1\) - a(lI 2 ~l (1-1\.) < 0, el 

t.h e bank prefers that lype .s country does not randomize . c e o 
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(It follows immediatlyfrom points (i), (ii) and (iii) from t he proof of · lemma 

4.4) 

,,(Fact 4.6) 

It turns out that the three R, values are optimal for some 

parameters configuration. Next we compare 11 2 a with 11 2 ~ 

Fact L7ill 
Let K < (1- A) and 0 > (l -K ) 

If A < (1-K)2, then Ell (11 2;!) > Ell (11 2 a) 
2 If A > (l-K) , then Ell (11 2;!) < Ell (11 2 a) 

Proof: 

Ell(R = 11 2 a) - Ell 
1 

[ A + (1 - A) x 
- 1 

K? (1-A)(l-x ) iff -, 

(R = 11 2 a) = 
1 -

(11 2a) + (1- A) (1- x )[11 -, 
x> (1 - A - K) I (1- A) -,-

2a - 11 2;! ? a iff 

iff KA I (l - K)(l-A) > [1·-A-Kl/(1-A) where the last equivalence follows from 

x = KA I (l-K)(l-A) -, 
and it it is equivalent to (after some algebra) 

K2 - 2K + I-A ~ a 

from where the statement of the fact follows. 

o(Fact 4.7(1)) 

Fact L7ill 
and 0 < (1-K ) Let A < (1-K) 

If A > (1 -K) 2 and 

If A < (1-K)2 and 

o > [(1-K)2_A] 1 AK(1-K) 

o < [(1-K)2_A] 1 AK(1-K) 

then Ell (11 2a) > Ell (1/ 2;!) 

then Ell( l l 2a) < Ell(1/ 2;!) 

Proof. 

It follows from the comparison of the equilibria. 

Fact L S 
Ell (R<) ? Ell ( 11 2;!) iff 0 < AK I (l-K)(l-A-K) 

1 

Proof 

The previous inequality is obtained from 

(1-A)(1/2;!) + 0 ( 11 2a) ? (1-A-K) /(1 - K)(2;!) + o(l-A)(ll 2~) 

after some algebra. 
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Corolary to Fac t 4.8 

Proof. 

A > (I-K)2 ~ EIT(R<) > EIT(11 2s ) 
1 

A ~ (l-K)2 iff AK/(l-K) (l-AK) > I 

Fact L 9 
If 0 > (l - K) 

If 

or 0 < (l - A-K)/(l - A)(I - K) ~ EIT(R<) > EIT(l! 2a ) 
1 

(l - A-K )!(l - A)(l - K) < 0 < (l - K) ~ EIT(R< ) < EIT(l! 2a) 
1 

Proof. 

Assume 0 > (l - K) . 

= (l-A) (1/ 

o ~ 1 

Then 

2s) + 0(1/ 2a) 

Assume 0 < (l - K). Then 

> 11 2a + o (l-A)(l l 2s) 

- < -i) R = Rand R = 1/ Za induce e = 1/ Za, e 1/ Za, and thus t he bank's 
1 1 1 -1 - 1 

second period expected profits are the same. 

A comparison of the first period profi ts yields: 
< -

ii) (l-A)R < 1/ Z a iff (I-A) { 1- 0 + oK } > k 0 + K(l - o) iff 
1 

o < (l - A- K)/(l - A)(l - K) 

o (Fact 4.9) 

We can now make use o f the facts 4.7, 4.8 and 4.9 to find the opt imal R value 
1 

for each configuration of the parameters D, A. K (Results are s ummed up in 

f i gures 2 and 3 ) 

• (Propos ition 2) 
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Proof of Proposition 1 

To solve the model, we first write the expected utilities for the bank 

and both types of countries as a funct ion of the debt and beliefs with which 

the fina l period begins. 

Lemma 2. 3. 1 

Under every bayesian perfect equi librium with debt reduc tion, ED 2' EU2, and 

Ell can be writ ten as a func tion of A and the debt with wh ich the second 
2 2 

- 2 
period starts, Rl I and are: 

If 1.2 > 1-K : 

Ell = min [R2,1/ 2a 
1 

EU = 1/ 2 ... - min [ R2 11 2a 
1 ' 

ED 1/ 2a- min [ 
- 2 

2a = R

" 

1/ 

If A < 1-K 
2 

(1-1. ) ( 1/ 2 ... ) if R2 ~ 11 2 ... 2 1 

F? • < R2 (1-1. ) if R (A) < 1/ 2 ... 
Ell 

2 1 
= < 

1/ 2a 

R2 
1 

1/ 2 ... - 1/ 

R2 11 2 ... -
1 ED < 

11 2 ... - 1/ 

1/ 2 ... - R2 
1 

= { 0 
11 2a - R 

if 1/2a S. 

if R2 S. 
1 

2a if R2 > 
1 

• 
if R (A ) < 

2a if 1/ 2a < 

if R2 < 
1 

if R2 > 11 2a 
1 

if R2 < 1/ 2a 
1 

1 

• R2 < R ( 
1 

11 2a 

11 2 ... 

R2 < 1/ 2~ 
1 

• R2 < R (A) 
1 

11 2a 
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Proof (Of Lemma) 

It is identical to the solution of the one- period model. 

o (Le mma 2 .3.1) 

The previous lemma allows us to assume, without loss of generality, that 

R2 R2 < 11 2~ . To economize in notation, in this proof we wil l denote them 
l' -1-

by Rand R, respectively. 
2 G , 

If the type a country pays the amount z, in the fi rst per iod and if the 

type ~ country pays the amount ;;;., with probability (l - ~, ) and z, with 

probab ility ~" we can then write the bank' s expected p r ofits at the beginning 

of t he game a s: 

Ell = (l - A) (l-x) { Z + /) Ell(A (x );R » + 
1 1 -1 - 1 2 -1- 2 

{ 1- (l - A)(l - x )} {z + 0 EII (A (x );R» 
-1 1 2 -1 2 

The bank's f r oblem at the beginning of 
- -

having as its i ns truments 2
1

, ~1' Rz' ~ 

the game 
-, 

y R,. 

i s thus to maximize Err , 

We now explain the me thod of so lution . We assume that the bank can a l so 

choose, besides the above men t ioned instruments, the f i rst period effort fo r 

each country, that is, it chooses an effort l eve l e fo r type a country , 
and, f or t ype ~ country, an effort !!., and t he probab il ity (1 -~, ) with which 

it will make it (with probability x it will make e ). The rest r ictions it -, , 
faces when making this decision a re t he necessary and suffi cient condilions 

for t hese variables to be part of a perfect bayesian equilibrium. That is, it 

must choose them i n s uch a way that they be optimal actions for each type of -, 
country . given the values it will be pres ented for 2

1
, ~1' R

2
, B2 and RI' 

We now establish two lemmas about e in equil ibr ium. , 

Proof. 

If e does not belong to the set { z,' Z ), then the type a country , -, 
obta i ns a zero expected ut ili ty in the second period. Then, in the fir st 

period. So, in t he fi r st period i ts choice must maximize its expected utility 

lAll owing type a to rand omi ze does not help ' bu t makes the proof more complex. 
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-, 
of only this period. Since e , ~ R" type a country receives no produc t in 

the first period . Thus it must be e = O. , 
o (Le mma 2.3.2) 

-, 
If ~ , < R" then ~ , E { 0, z,' 1'. , } 

Proof. -, 
If e , ~ R, and it is in the s upport of ~, bu t not in the support of 

we will have A (e ) = O. , , Since ii' (R ) = 11 2a if R 
1 1 - 1 

country wi ll obtain zero expected utility in the second 

e I { 2" 

per iod. 

max imi ze its expected uti lity of only the first period. 

country receives no product at all i n the first period. 

1'.,} , t ype i!. 

Then e, must 
-, 

Since e < R , type _a 
- 1 - 1 

II 

Thus it must be e = 0 -, 

o (Lemma 2.3.3) 

Notice that ii' does not appear in t he objective function . We wi ll set , 
ii' big enough as to a llow t he bank (according to the gunboat technology) to , 
withdraw the entire first period country's product . In the end 

(Lemma 2 . 3 . 3) we will show this i s without l oss of generality. We allow the 

bank to choose the pair of t riplets ( e, z, ii), des i gned for a, and , , , 
(~" 1'." ~), designed for i!., as well as ~I' the pr obability of i!. hiding. 

(We will have z = e and z = ~ I )' We will identify the first country's 
1 1 - 1 

action as the cho i ce between one of these tr i plets. 

Thus, given 

(~" "" R,) 

~1 ;;;; ~ 1 

z = z ~ R 
1 -, , 

e - a e'/ 2 -, - -, 

ii' , 
and 

= 

-

z , 

R -, 
z 
- I 

~ max { e
1

• 

?it to maximize 

e , 

e - , 
Ell 

1 

}, the bank must choose (e" 2
1

, 

under the following res t rictions: 

(Gunboat condition when 
-, -R > max{ e , e 

1 - 1-1 

(Non-verifiability of e ) 
1 

+ Ii EU( R A (x) ) > 

" , - --, 
EU( R ;A (x)) e - ;! e / 2 - z + Ii ( I e;!) , 1 1 , , -

- -, 
[Li( A (x) ) e - a e / 2 - z + Ii R ~ , , 1 " 

, -
e - a e ;; 2 - z + Ii EU( R A (x) (ICa ) -, -, -I , , , -

e - a e'/ 2 - z + Ii EU( R A (x) ~ 0 (VP;!) 
-I - - I - I " 

, -
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e - a e2/ 2 - z + <5 £fi( R' A (x) 
1 1 1 2' 2-

> 0 (VPa) 

As a consequence of lemmas 2.3.2 and 2.3.3, the previous restrictions are 

necessary and sufficient conditions for the type ~ country to make ~1 and pay 

6 1 and the type a country to make e 1 and pay Z1' 

then IC~ must be met with equality. 

If we want ~ to randomize, 

We now analyze in turn the cases A > 1-K and A < 1-K 

CASE A > 1-K 

In this case if e is 
1 

observe we will have A > 1-K and if e is 
2 -1 

Using EU 2' EU2, and EIT2 from Lemma 2.3.1 we observed we will have A = O. 
2 

find that the bank's problem is 

Max (i-A) (l-x ) { z + p min [R ,1/ 2a ]} + 
1 -1 -1 2-

{1- (1-A)(l-x )} (z + <5 min [R, 1/2a]} 
- 1 1 2 

s. a. 

~ 1 z = e 
1 1 

Z 
1 

=z ,*R =R 
-1 2 -2 

e - a e2/ 2 - z - <5min{R , 1/_2a} > 
-1--1 -1 -2 --

e - a e2/ 2 -z - <5 min{R ,1/ 2a} 
1 - 1 1 2 

e - a e2/ 2 - z + <5 (1/ 2a) - <5 min{ R , 
1 1 1 2 

~1 - a ~/ 2 - 6 1 + <5 EU (R 2' A 2 (~» 

~1- ~ ~~/ 2 - 6 1 + <5 (1/ 2~) - <5 min { R2 , 

e - a e2/ 2 - z + <5 0/ 2a) - <5 min{ R , 
1 1 1 2 

1/ 

1/ 

1/ 

2a } 

2~ } 

2a } 

> 

(Gunboat condition) 

(Non- verifiability of e ) 
1 

(IC ~) 

(IC a) 

.:::. 0 (VP ~) 

> a (VP a) 

To solve the problem we will ignore the gunboat, verifiability, VP~ and ICa 

conditions. In the end we will check that they are satisfied. 

i) VP a is binding because EIT is strictly increasing in z and increases in 
1 

z make IC~ slacker. 
1 

ii) From (i) and IC~ it follows that in equilibrium EU > 0, that is, VP~ is 
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not binding 

iii) If x < I, - , ICi! is binding (if x ;; 1 we can -, easily check that the 

bank's expected profits are no t as high as possible) 

iv) Substituting 2, + 0 mi n{ R
2

, 1/ 2a } from VPa and :?;., + omin{E 2 ' 11 2i!} 

from ICi! we have a prob l em in ~ and e whose fir s t order conditions 

a r e : 

v) ~, = 11 i! , 

e = 1 / { a + ~a(I -A)/A } , 

, , 

Noti ce that 
- 2 } = 1/ 2i! - [ e - a e / 2 J + Z + 0 {R } impl ies 

1 - 1 1 2 

:?;.,+ o{E
2

} > z + o{ R } , and so i n equilibrium x = 0 
1 2 -1 

Thus 

a's - -2 
payment i s : z + 0 R = e - a e / , 2 , , 

§.' s payment is: E 1/ 2 :?;. + 0 = i! -, 2 

and t he expected bank 's profit s a r e: 

En
A = ( I-A) { 1/ 2 , 

Conside r now the 

CASE A < l-K 

2 + 0 (l/2a) 

~a 
- 2 
e / 2 + 0(1/ , 2a) 

In this case if e i s observed we cannot guarantee t hat A ~ l-K. 
, 2 

Fact 2.3. 1 

In equilibrium R E { ( - 00 , 11 2aJ U { 11 2i! } } 
2 

Proof. 

We will show t ha t if 1/ 2a < R < 1/ 2i! there exi s ts an alternative 
2 

bank' s choi ce which produces hig he r expected profits, namely, 1/2e. 

i)The objective function is increas i ng in R. 
2 

ii ) If 11 

EU ( R 
2 

2a < R < 11 2i! then, s ince EU ( 
2 

) is constant fo r 11 2a < R
2

, 

EU ( 1/ 2i! ). Thus. by shifting f r om R to 1/ 2i!. VP a is 
2 

still 

satisfied. (VPa is binding because EIT i nc reases in z and increases i n z , , 
make ICi! s l acker) 

iii ) IC i! is made slacker because EU(R ) i s decreasing if 1/ 2a < R < 1/ 2_a 
- 2 2 
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Summing up, if we replace R by 11 2£ l eaving all else equal, we obtain a 
2 

choice for t he bank which is bet ter than the or iginal choice. 

Let us now cons ider the bank's problem restricted to 

Sub ~ R :£ 11 2a 
2 

o (Fact 2.3.1) 

I t is easily verified that we obtain the same soluti on as in case i\ > 

1-K. The r eason is that when R :£ 1/ 2a, En, EU, EU, do not depend on A. It 
2 - -is c lear that if the final period begins with R2 :£ 1/ 2a, the bank will not 

reduce debt, no matter what beliefs it has. 

face when A > 1 - K. 

Thus the problem is the same we 

Assume now 

11 2£. 

il If '" is such 

wi 11 reduce the 

that A ( 
2 

x , A ) > 1 - K, then in the second per i od the bank 
- 1 

debt to a level 1/ 2a , and thus it would be exactly the 

same as if a debt R 
2 

= 1/ 2a had been initially set. The utility both 

agents get is the same in both cases. The bank obtains EnA once more. 

ii) If '" is such that A (x , A ) < 1 - K, the bank's expected profits are (for 
2 - 1 -

the ~ va lue which maximizes them) 

EIIB (1 - A -K) / (1-K) ( 2£ 
1 

Proof (of i il 

+ Ii( I-A )/ 2£ 
1 

Substituting EU 2' EU 2, and EII2 from Lemma 1 in the case A2 < 1 - K we find 

the bank's pr oblem is 

Max (1 - A ) (1 - x ) 
1 - , 

( 2 + Iimin[R , 
-1 - 2 

1-(1 - A ) (I-x) 
1 - , 

} { 2 + 
1 

Ii ( 1-A ) (1/ 2£) } 
2 

s. t. 

2 -2 
e - a e / 2 - 2 - Ii min eR ,11 2a} _> e - £ e / 2 -2 - Ii 11 2£ 
- 1 - -1 -1 - 2 - 1 1 1 

(Ie £ 

- - 2 e - a e / 2 - z ~ 0 
1 1 1 

Z = e , z = e - 1 -, 1 1 
(Gunboat) 

We first noti ce that, s ince z = e (from gunboat), restri c tion (VP a) is 
1 1 
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- - 2 j!) - a e I 2 ~ 0, from wh~re Z = e = o. Subs t ituting in (IC we get: , , , 
e - a e 2

1 2 - z + 0 11 2j! - 0 min {R 2,11 2j!} = 0 -, - -, -, 

Thus the bank's expected profits are: 

E ll = (1-\) ( 1 -~ ,)( z:. , +0 mi n [R 2' 11 2j! ]) + { 1- ( 1-\)( 1-~ , )} 

{0(I - l
2

)( 1/2j!)} 

If ~ = 1, then l = land 
, 2' 

ETT = 0 ( l - l ) ( 11 2a ) , -

If ~ , < I , then a necessary condition for optimality is ~ = II j! (otherwise 

i t is possible to make IC j! slacker and increase z:. ,) 

Taking into account that l2( ~ , \) ~ l - K we arrive at the stated result 

after some a l gebra . 

o( ii) 

"Thus, when A < l - K, there are two points whi ch satisfied the s t ated necessary 

conditions for an optimum, and they produce the following expected profits: 

ETt = (1 - l )( ( II 2a - 'Ja ;;21 2) + o( II 2a)} + l{ e - a ;;21 2 + 0 (11 2a) 
1 - 1 1 1 

EllS = ( l-l - K)1 (I - K)(2j!) + o( l-l)1 2j! 

We have: 

d( ETt - EllS )1 dl > 0 

l 0 ~ ETt - EllS < 0 

l = l - K ~ EllS = 0 + 0 11 2j! )K = 0 ( II 2a) ,. ErrS < ETTA 

• • ETTA E~ Therefore, there exists A , 0 < A < l - K, s. t. ~ iff A ~ A 

The following lemma completes the proof of the proposit i on . 

Lemma 2 . 3 . 4 

There is no loss of generality in assum i ng that in equilibrium 

R: ~ maxi e, ' ~, } 

Proof 

The pr oof consists in observing the follo.wing three facts 

Fact 2 . 3.4 j! 

• 

If the bank wants the country to find it optimal e > z or e > zits 
1 1 -1 - 1 ' 
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W' 
optimization problem must respect al l the r estrictions present when r". 31 

-1 -
R > max{ e , e } 

1 - 1-1 

(except , obvious l y, z ) 
1 

and some additional ones . 
\ 

Proof " 

The proof consists in rewriting lemmas 2.3 . 1 and 2 .3 .2 for the case f· 
-1 -
R < max{ e , e } 

1 1 -1 

and noting that the s upport of e , can include l/a a nd that of ~tf~ l Y§" a nd 

so if the bank wants t he coun try to make e if its type is a and ,~" i f its 
1 . 1 

type is §" it must. make s ure t hat these actions p r ovides a n expectee :utility 

highe r t han 11 a and 11 §,. y . 
• 

S ince e :::; 0, as well as mimi c the o t he r country, continue 
1 

to be': feasible 

actions for t he country, restrictions VPa. vp~ . lea e Ie§, a r e 
; .. still 

present. Finally the non-verifiability of e , cond i tion is still prepept too, 

because it fo llows from an assumption we always maintain. 

o (Fact 2,.3,4 a) 
~ . 

As to the restri ctions common to both problems the following can be ' s~id. 

In t he 
- 1 -

c ase R > max { e • e }. ignoring rest rictions 
1 - 1 - 1 

e = Z 
- 1 -1 ' 

- lf~ 
~.= 

f 
z does 

1 
not i ncrease the bank' s expected pr ofi t s if A < 1 - K o r if, havi ng 

A > 1-K e ither of t he two following inequalities holds. 

i ) R2 ::: 1/ 2a 

ii) x_ s u c h that A (~ . A) > 1 - K 
2 1 ' ~' 1 . ' 

The proof consi sts in going through the solution under the hypothesis 
- 1 

maxi 
-

} R = e 
1 ' 

e 
1 - , 

In the case A > 1 - K, we have found t hat the sol uti on to the bank's problem 

is to set 

Z + il R = e 
1 2 1 

15 R ~ + = 
1 2 

that is, what 

- - 2 - a e I 
1 

1/ 2 i! -

matters 

2 

f1a 

is 

+ 15 

-2 
e I 

1 

(2 
1 

2 + 15(1/ 2a) 

+ is R) a nd 
2 

determined, a nd s o we can se t t hem equal 

reducing the bank's pr ofi ts. 
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[z -, + 15 R l. 
- 2 

to e 
\ 

and ~1 ' 

. " 

but z and Z ', a re not 
1 -1 • 

respe c tivelyt-, : without 



If A < 1 - K, we see that the problem is the same as in the case A > 1 - K if 

one of the stated inequalities holds. 

o (Fact 2.3.4 b) 

It remains to be analyzed the case in which A (e . _x, A ) > 1 - K and R = II 
2 l' 1 2 

2~ . 

The hypothesis it: = max{ e,' ~, } allowed us to infer z, e, From this 

last equality it easily follows that the bank's expected profits equal ErrB. -, 
But without that hypothesis,. the gunboat t e chnology (R = min { R, e } unless , " 
the country voluntarily gives more than such quantity) does not necessarily 

imply that R = e . , , It is possible that R, < e,' in which case the following 

restrictions ar i se. 

if it' then 
-, 

< e 
" 

z > R" , , 
if it' < ~1' then z ~ it' , -, , 

Thus, l et us assume that e > z , , 

Fact 2.3.4 "-

We then have 

In e quil ibrium it cannot occur that e
1 

> 2
1

, A
2

Ce
1

; ~, 

and R = 11 2~ 

A)<l-K , 
2 

Let us assume it occurs. 

From (V? a) we obtain that z < 11 2 a and from the gunboat restriction , 
that z > it' ,- , From these two inequalities it follows that 

z + 0 R < II 2a + 0 (II 2~) 
-1 -:2 - -, 

since, if e < R, then. 
-1 - 1 -, 

and, if e > R, then, as -, , 
as z < e -1 - -I' 

any payment 

we will have 

above R,1 , must 

z -, + 0 R < it' + - 2 - 1 
o ( 1/ 2~ ) ~ I I 2a + 0 ( II 2~ ). 

Then Err ~ I I 2a + 0(1 - A)(l l 2~) 

Now, since 0 ~ 1, it holds: 

:f, 

be 

11 2a + 0(1 - A)(11 2~) ~ (1 - A)(ll 2~) + 0 (11 2a) 

Finally, notice that 

(1/ 2~) + 0 (11 2a) < ErrA 
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< e < Rl 
- -1 1 

voluntary. 

~ II 2 a 

we will have 



since ETf (1 - >.) 

>. { 

e - ae2
/2 

-,. --1 

e - a e 21 
1 1 

~a e 21 2 + 8(11 2a) } + 
1 

and (1 - >')(11 2~) + 0 (11 2a) is the value of the objective function when the 

non-optimal pair of values e ; 11 ~ , e ; 0 is chosen. 
-, 1 

o(Fact 2.3.4 c) 

This ends the proof of lemma 2.3.4 and proposition 3. 

o(Lemma 2.3.4) 

.(Propos ition 3) 

Proof of proposition ~ 

Now the bank cannot set R' so high as to withdraw the entire first period 
1 

country's product and commit to reward the country in the second period 

depending on the initial repayment. It cannot do it b~cause if Y1 

the repayment equal s zero. This causes that we have to 

restrictions to t he initial bank's problem. 

They are essentially the following. 

< R' 
1 ' 

then 

add some 

From the first period type a's country problem it fo llows that if the 
- -bank wants a to choose e outside the set { 0, l la }, 

1 
then e = z > 11 a 

1 1 

:if type a county makes a payment l ower t han 11 a, it prefers to make it with 

it s first best effort (unless it wants to mimic .e., but in equilibrium this 

will never happen because it would provide t his country with a lower expected 

utility) 

The restriction of stopping .e. t o mimic a remains being binding. 

There appears a f urthe r restriction: if R > 0 , 
1 

option (2
" 

R
2

) without making an effort e,' 

cannot specify in the contract that to have 

the type ~ country can take the 

This is so because t he bank 

the r igh t of t he bound R an 
2 

effort e has to be made. Yet, 
1 

if ~ acts in t hi s way, since the bank observes 

~" it will update its be liefs by setting >.,= ° (by Bayes'rule if ~ 

randomizes and by condition B'if it doesn't) 
2 -

If the type a country repays the amount z in the f irst period and it 
1 

the type ~ country repays the amount z -, with probability ( 1 - x ) and the -, 
then write t he bank's expected profits amount z with probability x • we can 

1 - , 

2 
All o wing a to randomize only makes the proof more com·plex. 
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ate the begi nning of the game as: 

Ell ~ (l-A) (l-x) { z + 0 EII(A (x );R )} + 
1 1 - 1 -1 2-1-2 

{ 1- (l-A)(l-x )} (z + Ii EII(A (x );R)} 
- 1 1 2 - 1 2 

The bank' s problem at the beginning of 

having as instruments 

the game 
-1 R. 

is then to maximize Err 
1 

1 

The method of solution consists of assuming that the bank can also 

choose, besides the mentioned instruments, the effort each type of country 

will make in the first period, that is, an effort e for the type a 
1 

country. and an 

make it (with a 

effort e -, and a probability (l-x ) with whi ch it will 
, -I 

probabili ty X 
-I 

it will make e,)' The restrictions it faces 

when making s uch decis i on are t he necessary and sufficient conditions for 

these variables to form part of a perfect bayesian equilibr ium . That is, it 

must choose it in such a way that they a re optimal actions for the type of 

count r y they are designed, given the accompanying values of Zl' ~" R
2

, E, and 

Rl. 
1 

The bank's problem is t hus to maximize Ell given the following two 
1 

restrictions. 

(~" Z ) - R 2 
2 Ii EU(R~(R,), A ( ) ) E argmax e - .§: e / + 

- I 
(e ,R ) 

, 1 , 2 , , 
s . t. e > R > R' .. e ~ R ~ 0 

1 , , , , 

(e l' Z, ) E argmax e - R _ a e 2; 2 + Ii EU(R'(R ), A ( ) ) 

(e ,R ) 
, , , 2 , 2 , , 

s. t. e ~ R > R' e ~ R 0 
1 , 1 1 , 

From these restric tions it fo ll ows t ha t t he fo ll owing are necessary cond itions 

f or e quilibrium 

Z < RI " Z ~ 0, 
1 1 , 

< R' 
1 

z < ~ - , 
Z , 

l! 

~ e 

e 2
; 

- I 

1 

2 - Z -, + Ii EU(B ;A (x)) > e - l! e2
; 2 - z + Ii EU(R;A (x)) (ICl!) 

22 - 1 1 1 - 2 2-
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- ~21 2 - Eu(i'i ;A (x» -
e 7 EU(B 2;A,'li» (ICa) e - a - z + il > e - a 2 - z + il , , , 2 2 - -, -, -, 

e - !! e 2
1 2 - z + 0 EU(R ;A ( ) ) > Max e - !! e 2

1 2 - z + il EU(R ;A ) (IIC!!) -, -, -, - - 2 2 , , , - 2 2 

e - a ~2 1 2 - z + il EU (R ; A ( ) 1 > 
1 1 1 2 2 

e - a e 2 
1 2 - z + 0 EU (R_ A2 (_x) 

-1 - -1 - 1 2' 

e - a ~21 2 - z + 0 Eli ( R . A (x ) 
1 1 1 2' 2 -

Remark 2 . 5 . 1 

e > z ,- , 
- 2 

Max e
1

- a e
1 

/ 

e > z 
1- -1 

~ 0 

> 0 

2 - z + -, 

In equilibrium the bank's profits are greater or equal than in the 

temporary relief model. 

Proof 

(VP!!) 

(VPa) 

Notice first that Proposition 4. 2 is also valid under the product 

destruction technology. To prove it we proceed in the same way we did under 

the gunboat technology. Then the bank can set 

R = R =11 2a, that is, promising nothing in the f u ture, and reproduce t he 2 - 2 -

temporary relief equilibrium. 

o (Remark 2.5.1) 

CASE A > 1 - K 

In this case if e is observed, A > 1 - K will be set and , therefore, the 
, 2 

expected profits for the bank are 3 

EIT (l-Al { z + 0 min[ R , 11 Z_a 1 + A { Z + 0 min [R2, 11 2a ] 
- 1 -2 1 

Restrictions IC(!!) and VP(a) are 

~,- !! ~:I 2 - "-, - 0 B 2 ~ e, - !! ~,21 2 - Z, - 0 min[R2, 11 2a] } ( IC!! 

e - a e 21 2 - Z + 0(11 2a) - 0 min[R, 11 2a] > 0 (VPa) 
1 1 1 2 

From {IICa)4 it follows that: 

3 
We omit the randomization in a's first action because this on ly complicates 

the pr oof . 

4 
(Ass wning B. 2' R

z 
< 1/ 22. without loss of generalily) 
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If ~ , 

When VPa is satisfied with equa lity and is subst ituted in IC~, it yields 

z + 0 R < e - _a e 21 2 + 0 (11 2a ) - (a- a)e 21 2 
-1 ~ --1 - 1 -1 

We will analyze separa tely the cases 0 > 1-K and 0 < 1- K 

Sub case 0 > 1-K 

il e = z = 0 cannot be part of an equilibrium. , , 

Assume the cont r ary. We will show that the expected bank's profits are 

then lower than the ones it gets if the temporary relief solution is 

reproduced. If the type ~ country effort is also equal to zero with 

probability one, then E IT < 0 (11 2a) . 

I f ~ finds it optimal to choose e different from zero, then it must be that : -, 
EU (e ) = e - z - a e 21 2 + 0 (11 2a) - 0 R ~ EU (0) ~ 0 (11 2~ - -1 -1 -1 --1 --2 

where the first inequality follows from IC~ and the last one to 

- 11 2a), 

A (e ) > 1 
2 , 

- K so that the bank will reduce the second 

greater than this level and observes e,' 

period debt to 11 2a if it is 

Thus 

z + 0 R ~ 11 2~ + 0(11 2a), from where -, -z 
Err < (1 - A) ( 11 2~ + 0(11 2a) } + A 0 (11 2a) = (1 - 1.) (11 2~) + 0 (11 2a) 

which are s mal l er than t he prof its obtained by the bank if it reproduces the 

solution under temporary relief (11 2a + 0(11 2a) }, which is a contradict ion. 

o(i ) 

Cons ider now, in turn, what happens if si z > 1/ a and if z < 1/ a 
1 1 

i i) The bank can obtain by se tt ing 0 < 

profits than those under temporary relief. 

2 .:s. 1/ a . grea ter expected 
1 

If the equilibrium exhib its 
- - - - fb o < z < 1/ a, then it a l so exhibits e '= e . ~, 

1 - 1 

Z + 0 min [R, 11 2 a] = 11 2 a + 0 (11 2a) and 
1 2 

fb 
~ 

Z + 0 R = 11 2a + 0 ( 11 2a) + [11 2~ - 11 a + ~I 2 a] -, -z 
Proof 
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If 0 < 2 -"- 11 a, then in equilibrium 
1 

e = 
1 

country finds it optimal to give the bank 0 

;;fb = 11 a 
- -

< 2 < 11 a, 
1 -

(if the type a 

the optimal way to 

do it is by making an effort 

restrictions are VPa and IC~ 

satisfied) 

e = 11 a). Let's assume now that the only 
1 

(Later on we will check that the other ones are 

Now we wi l l see that it i s 

value is set. By changing 

optimal to se t !t, = !t
fb 1/~. Assume a different 

to t he alternative value e 11 ~ restriction IC~ -, 
continues to be satisfied, and so does VPa (because does not appear here). 

increasing 2 , -, which We can then enhance the expected bank's profits 

contradicts the optimality of e -, being different from 1/~ . 

Let us now set 2 + 0 R 
- 1 -2 

in such a way that IC~ is satisfied with equality and 

2 
1 

+ 0 

equali ty . 

min{ i\, 11 2a in such a way that VPa is a lso sa tisfied wi t h 

Let us finally check that all the other restri c tions are a lso satisfied . In 

pa rticular, if we substitute e = 1 I a in IC~ we find that, when 0 > 1-K, 
1 

(IC~) ~ (I IC~). 

Therefore , in equilibrium. restrictions IC2. and VPa are binding and first 

best efforts ar e chosen .. The expected profi ts are higher than those unde r 

temporary re lief . In this later case , when 0, A > 1 - K, we have e := e := 
1 -, 

11 a, 2, = k, 

it not chosen. 

-I = R 
1 

=lI 2a R = R . 2 -2 11 2a. It is a feasible choice and it 

The bank can improve the solution under temporary relief . The 

improvement comes from e liminating the hiding of 2,. 

effort. 

iii) 2 
1 

e > 11 a cannot be part of an equilibrium. 
1 

The di s tor tion in its 

D (Ii) 

Proof 

From VPa 

with 

we have that 2 + 0 min[R, 11 2al is lower than that obtained 

also 

e = 11 a. 
1 

1 2 

Substituting VPa i n IC~ we 

decreased relative to the one obta ins with e 
1 
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Sub case il < 1-K 

i) e = z = 0 cannot be part of an equilibrium. , , 
(the proof is as in the subcase il > 1 - K) 

z , Le t us suppose that in equilibrium 

conside r , in turn , the cases in whi ch z , > 1/ 

> 0 . Then z ~ it' , , 
~andz < 11~ , 

0(1) 

We will 

ii) If 0 < z < 1/ ~ then the expec t ed bank's prof i ts are lower or equal than , 
- -

under temporary relief . If equilibrium exhibits 0 < z < 1/ a, then it also , -
- fb fb 

exhibits e
1 

= e . ~1 : ~ 

+ 0 min [it, 1/ 2 a ] = 1/ 2 a + 0 (1/ 2a) and 
2 

z , 
z + il R 
-1 -2 

= 1/ 2a + il (1/ 2a) + [1/ 2~ - 1/ a + ~/ Z a] 

Proof 

From (VP a) we obta in: 

z + 0 min [it , 1/ Za] < 1/ Za + il (1/ Za) 
, 2 -

from where it follows 

z + il R < 1/ 2a + il (1/ 2a) 
, 2 -

because 

if R < 1/ 2 a then 
2 -

if R > 1/ Z a then 
2 -

2, + 0 R2 ~ 1/ Z a + il (1/ 2 a), and 

~ 11 2a z , 
A f easible 

and to pay 

from where 

z + il R < -, -2 -
and, since 

z + il R < -, , 
2 + il R ~ -, -2 

action for the ~ co un t r y is to make an effort e = 1/ -, 
Then its fir st action must satisfy , in equilibrium 

Z~) - 2 - il R ~ 1/ 2~ - 2 - 0 R + 0 (1/ Z~), 
" ,2 

e - a e 2/ Z - 1/ 2 ~ + z + 0 R -, - -, , 2 

e - ~ e 2/ Z < 1/ 22., we have , , 
z + 0 R

2
, from whe re , 

11 2 a + il (1/ 2 ~) 

!! > z , > it' , 

Thus, ~'s repayment cannot be higher than t hat under tempora ry relief, equal 

t o the left hand s i de of the previous inequa li ty . a's repaymen t under 

temporary relief cannot be surpassed either because in both periods it makes 

i t s first best effor t and gets zero expected utility. 

o(ii ) 

i ii ) If 11 2. < zl = e l' the bank c annot get more prof i ts than under t he 

temporary relief solution. 
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If 11 s < 

one under 

z , e,' using VPa we fi nd that a' s r e payment is smaller than 

the temporary relief . Subst ituting VPa in ICs we see that s's 

repayment is also smaller 

~, + 0 Bz ~~, - s ~,zl 2 

~ 11 2s + 0 ( 11 

than the one 

+ 0 (11 2a) -

2a) - (a -

under temporary 

(a - a )e z
/ 2 

relief. 

< 11 2s + 0 (11 2a ) (a 
- z 

a l e I 2 - , 
z 

s)1 2 s 

- , 

since e ~ 1/ ~ , 
finally, this 

K(1 - 0) < 1 

last expression is lower t han ( 11 2a) + 0 ( 11 Zs) iff 

(i i i) 

Thus, i f 0 < l -K, the bank cannot improve the solution under tempor ary reli e f 

CASE A < (1 - K) 

In thi s case 

A (e . _x, A ) > 1 - K 
21' 1 

if e , is observed we cannot be s ure that 

Notice f i rst that fact 5.1 of t he gunboat techno l ogy secti on also applies : 

R E {(-., 
Z 

11 2a 1 V { 11 2s } } (we can igno re the case 11 2a < R 
z 

< 11 2s because EIT, is inc reasing in Rz' EV (Rz ) is constant in this 

inte rval and EV(Rz) decreasing, and t hus ICs and IICs become slacker) 

R '" z 11 2a 

i) I f e = z = 0, then we canno t i mprove the expected profits under tempo r a r y , , 
relief when R R < 

1 , 

Proof 

EU (e ) ~ 0 (11 2s - 11 2a) because R _< 11 Za, from where -, z 

EIT < ( l-A)(ll 2s ) + 0 (11 2a ) = EIT(R<) 
1 

ii) If z > 0 we will analyze in turn the cases 0 > 1 - K and 0 < 1 - K . , 

If 0 > 1 - K, then: 

o(i) 

The bank can ob tain , by se tting 0 < z ~ 11 a , g r eater expected pr of its than 
1 

unde r the temporary rel i ef solution. 

Proof 

If 0 < z ~ 1/ a, then in equilibrium e 
, 1 
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country finds it optimal so give to the bank 0 < z 
1 
~ 11 a, the optimal way 

Let us to do it is by making an effort e ; 11 a) . 
1 

assume now that only the 

restrictions VPa and IC~ apply (later on we will check the other restrictions 

are satisfied as well) 

\Ie now see it is optimal to set ~,; ~fb 

By changing from this alternative 

11 ~. Assume a different value is 

set. value to 

satisfy restrictions IC~ (which will be satisfied 

~, ; 11 ~ we will still 

with inequality), and VPa 

(in which e does not appear). -, \Ie can then improve the expected bank's 

profi ts by increasing z , -, which contradicts the optimali ty of e different -, 
from 1/~ . Let us now set :?'., + Ii R 

-2 
in such a way that IC~ satisfies with 

equa li t y and 

equality. 

Z 
1 

+ Ii mini R
2

, 11 2a } in such a way that VPa is satisfied with 

Let us fina lly check that all the other restrictions are also 

satisfied. In parti c ular, if we substitute e; 1 1 a in IC~ we find that, 
1 

when Ii > 1-K, (IC~) '" (I IC~). 

Thus, in equilibrium, the bank satisfies IC~ and VPa with equality and chooses 

the first bes t eff ort levels for both countries. Notice that this could not 

be done under temporary relief. In the temporary r e lief scheme, we find that 
- -

whenli > 1 - K and a chooses e ; 11 a (having been 
I 

set z ; 11 2a), then a 
1 -

randomizes between l /a and II!! . With commi tment, the bank can avo id this 

randomization, making more attractive this alternative. Let us see that the 

expected profits from this proposal are higher than EIT(R<) for some parameter 
1 

values . 

\Ie have that 
-

Err e ; 0 
1 

) ; 1-A )( 11 2~ ) + Ii ( 1/2a 

EIT e 11 a 
1 

A ( 11 2a ) + (l-A) (11 2~ - 1/2a + ~I 2a2
) + Ii ( 11 2a) 

Err e ; 

1 
11 a > EIT (e ; 0 iff A ~ (l-K) 1 (2-K) 

1 

Because the equi libr ium under temporary relief exhibits R 
1 

Ii < (l-A-K)1 (l -A)(l-K) 

Ii < AK 1 (l-K)(l-A-K) 

Ii > (l-K) ) , and 

R< if and only if 
1 

then t here exist values for (A, 0, K) s uch that the equil ibrium under 

temporary relief exhibits R ; R< but the equilibrium under debt reduction 
1 1 

does not. 

Finally. we can check that 11 a < z ::; e cannot be part of an equil ibrium 
1 I 

because then from VPa we obtain that z + 0 min [R , 
1 2 

11 2a) is lower t han the 

one obtained with e ~ 
I 

11 a and, substituting VPa in IC~, we obtain that z + -, 
Ii R is also reduced r e lative to that obtains .with e ; 

" I 

11 a 
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If 0 < l-K we cannot improve the expected profits under temporary relief. 

(The proof is as in the case A > 1 - K) 

11 Zl! 

We then obtain the same expected profits than under temporary relief: 

i) e > 0 cannot be part of an equilibrium. , 
Proof 

Assume it is part of an equil ibrium . Since R = II Zl!, in the second 
2 

period a gets 2ero expected utility . 

2 < I I Za (de VPa), from where 

If a makes e > 0, then it must be , 
, 

2 + 0 R < II Za + 0 (11 Za) 
-1 -z - -
because a feasible action for 2. is to make an effort e = II -, 
repay 2,' Then its first action must satisfy, 

e - a e 2 + 0 (11 Z_a) - 2 - 0 R > II Z_a - 2 
-1 - -1 -1 - 2 1 

from where 

2 + 0 R < e 
-1 -Z- - l 

and, because e 

- l! e 21 Z - I I Z a + -, -
, 2 - a e I Z < 11 Za, 

- 1 - -

2 -, + 0 R 
- 2 ~ z + 0 R • from where 

, 2 

2 -, + 0 R 

" 
Thus 

~ II Z a + 0 ( II Z l!) 

Ell ~ 11 2a + o(1-A) ( 1I 2,,) < 

contradicts the optimality of e , 

2 + 0 R 
, 2 

we have 

in equilibrium. 

~ > z , and 

which 

o( il 

ii) If e = 0, the expected benefits under temporary relief cannot be improved . , 

If R > 11 Za and A (e ; x, A ) > 1 - K, at the beg i nning of the second 
2 - - 21- 1 

period debt will be reduced to 1/ 2a. and thus the problem is the same as in 

the case R = I I 2a. If R > II 2a and A (e ; 1£ , A ) ~ 1 - K then, from 
2 2- - 21 1 

Bayes' rule, 1£ ~ KAI (1 - K) (1 - A) , fr om where 

Ell = (1 - A)(1 - 1£)(11 2l! ) + <I (1 - A)(11 Zl!) ~ 

(1 - A - K)(1 12,,)1 (1 - K) + 0 (1 - A)(11 Zl! ) 

which are t he expected benefits under temporary relief when Rl = 1/ 2~ is set. , 
0(11) 
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There is only one bank proposa l for which we have not proved the 

existence of an equilibrium under temporary relief yielding higher expected 

profits. 
-fb f'b 

This proposa l i s setting e = e e = ~ and satisfying VPa and 
1 • - 1 

Ie" with equality when (j > 1-K. Moreover, we have shown the ex i stence of 

parameter values for which the equi librium under temporary relief exhibits 
-, < 
R = R and the equilibrium under debt reduction is the new candidate . lie , , 
will now show the exis t ence of parameter va l ues for which the equilibrium 

under temporary relief exhibits R' = 11 2" and the equilibrium with debt , 
reduction is t pe new candidate. 

For the new cand idate t o yield higher expected profits than R' = II 2" , 
under temporary relief it is necessary and sufficient that the following 

three conditions are satisfied: 

cil (j ~ 1 - K 

ci i) A ~ 1 - K 

c iii) A(11 2a) + (1 - A)(1 1 2" - II 2a + "I 2a
2

) + 0( 11 2a) ~ 

(1 - A - K)(11 2,,)1 (1 - K) + (j (1 - A)(l 12,,) 

-, 
Now, R, = I I 2" is part of equilibrium under temporary relief if and only if, 

besides i) and ii) being sat isfied, it is also satisfied: 

civ) (j> AK I (1 - K)( l - A - K) 

lie claim that 

Fact 2 .5 The set of (0 , A, K) satisfying (ei) - (c iv) is nonempty. 

Proof 

(ciii) is equivalent to 

(j ~ {A K(l - K) + (1 - A)(1 - K)(1 - K + K2) - 1 + A + K} I (1 - K)(1 - A - K) 

and the right-hand side of t hi s inequal ity is higher than (1 - K) if and only 
2 3 2 3 

if A ~ (1 - K) I (1 + K + K ) , where (1 - K) I (1 + K + K ) < (1 - K) \I K ~ 1 

Thus, g iven K E (a, I), every A satisfying 

(1 - K)21 (1 + K + K3
) ~ A < (1 - K) 

results in an interval 

(1 - K, 

{A K(1 - K) + ( 1 - A)(1 - K)(1 - K + K2) - 1 + A + K} I (1 - K)(l - A - K)) 

such that if it contains 0, then c i ) ci i) and ciii) are satisfied. 

Finally we find after some algeb r a that 

AK I (1 - K) (1 - A - K) < 

{A K(1 - K) + (1 - A)(1 - K)(1 - K + K2) - 1 + A + K} I (1 - K)( l - A - K) 
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is equivalent to 

A > (1 - KI21 2 - 222 
3K - K , con (1 - KI I 2 - 3K - K ~ (1 - KI 

Thus, if K ~ (21'/2_ I, every A satisfying 

maxi (1 - KI21 (2 - 3K - (2), (1 - KI21 (1 + K + K3 1 } < A < (1 - KI 

results in an interval 

(max{ 1 - K, AK/(1 - A - KI(1 - K) }, 

{A K(1 - K) + (1 - A)(1 - K)(1 - K + (2 ) - 1 + A + K} I ( 1 - KI(1 - A - K)) 

s uch t hat if it contains 0 , then (ci)-( civ ) a r e satisfied. 

Then the only change takes place when, having 0 > l-K. R = 11 2;! or 
1 

D 

R = 
1 

R< were optima l under t e mporary r e l ief and now t hey are no t. 
1 

Re member 

tha t : 

EU = (a - ;!)I 2a
2 + 0(11 2;! - 11 2al 

EV(R<I = 0(11 2;! - 11 2a ) 
- 1 

EV(1/ 2§.1 = 0 

So, if R = R< or R =1/ 2;! stop being part of the equilibrium. 
1 I 1 

t h e country 

will i mprove . 

. (Proposition 5) 
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Pr oof of propos it i on 2 
We will f i rst establi sh the following l emmas 

Lemma 6.1 
- T If in the T- period model R = 11 2a induces separation, 

1 
then RT= 11 2a is 

1 

optimal. 

Proof . 

I f RT= 11 2a induces separation, then from the second period on, the bank 
1 

gets the profits from compl ete information. On the other hand, there is no 

other R value which can yield higher expected profi ts in the first per i od, 

because 11 2a i s the solution to the one- period model when Cl - ;>.) < K. 

Thus , 11 2 a yields higher expected profits in all periods than any other R. 

o(Lemma 6 . 1) 

Lemma 6.2 

<5 < 1 - K induces ~ 
1 

fb 
= ~ 1 'V T. 

Pr oof. 

For T = 2 we have a l ready proved it in t he two- period mode l . 

Assume (induction hypothesis) that it is true for T ~ L - 1. 

Then , by lemma 2, 
- L-1 

11 2a is optimal when start from ( 1 - ;>.) < K R = we 
1 - L Then !!'S repayments in the L- period model are, if R = 11 2a is set, 

1 

EV(ll !!) = 11 2!! - 11 2a 

EU Cli a) = 11 a - !! I 2a2 
- 11 2a + 0 [1/2!! - 1I2a] (because in the second 

period, when we are a t the beginning of an (L - I) - period model, the bank will 

find optimal to set as initial bound 11 2a which will induce separation: !! 

will reveal its type and then will obtain nothing more ) 

That is , we have the same payments as in a two-period model, and we have that 

11 2!! - 11 2a~ 11 a - !! I 2a2 
- 11 2a + o[1/2~ - 1/2a] iff 

(l - K»o 

o(Lemma 6.2) 

Corollary to Lemma 6.2 <5 ~ (1 - K) in equilibrium RT= 11 2a 
1 

V T 

Let us analyze the case 0 > 1 - K. For the two-period mode l we know 
- 2 -

that R = 11 2a is the optima l bank's act i on . "Does it hold true for a 
1 

containing more per i ods? We f irst see that if . this is the case, then RT 
1 

mode 1 

= 11 

2a induces ratcheting (Lemma 6.3). We then see that if, as we keep adding 
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periods there comes a time at which (for some T) HT = 1/ 2a is not optimal. 
1 

then there is only one a lternative candidate and it is a number higher than 

1/ 2a (Lemma 6.4). Next we define necessary and sufficient conditions 

for such a candidate to actually dominate 1/ 2a. In t his process we consider 

a A and we ask the optimali ty of HT = l/ Za in all remaining periods. not 
I 

only for that A. but also V A' ~ A. Later on (Lemma 6.6) we check that this 

hypothesis is without loss of generality. 

Lemma 6.3 

Let 0 > (1 - K) and 

and V A' > A Then 

Proof. 

let A 
-T 
R = 

I 

s. t. 

11 Z 

-T-n -R = 1/ Z a is optimal for n = 1.Z • .. .. T - 1 
I 

a induces g = II a with certainty. 

We proceed by induct ion over T. 
- 2 

i) For T = 2 we have that. if RI 11 2a is set, ~'s repayments are : 

EU (1/ ;!) = 

EU (l/ a) 
because 

1/ Za 

= 1/ a - ;! / Za2 
- 11 Za + o[l/Z;! - l /Za] 

A (e = 1/ ;!) = O. and 
2 I 

A (e = 1/ a) ~ A~ (1 - K) 
2 I 

where the first inequality fol l ows from Bayes' 

rule and from a choosing 11a with probability one and the second one from the 

hypothes is that HI = 11 Z a is optimal fo r A. Notice now that the 
I 

difference EU (1/ a) - EU(l / ;!) equa ls 

1/ a - ;! / 2a2 
- 1/ Za + 0 [1/ Z;! - 1/ Za ] - { 1/ Z;! - 11 2a > 0 iff 

o ~ (1 - K ) 

Thus. the lemma holds for T Z. 

ii) Assume that f or T = (L - 1) 

Consider T = L. By hypothesis. 

the Lemma holds (induction hypothesis) 
-L-n 

f or n = 1.2 ... . L - 1 R = l/ Z a is 
I 

optimal. By induction hypothesi s . for n = 1. Z .... . L - 1 the equilibrium 

exhibits L-n 
~ 

I 

- L = 11 a and thus. if R = 1/ 2a is set. ;!'s 
I 

repayments will be: 

EU(l/ ;!) = 1/ 2;! - 1/ 2a (because A (e = 1/ a) = 0) 
2 1 2 K-l 

EU (11 a) = [l/a - ;!/2a2 
- l/Za] [1 + 0 + 0 + . . . + 0 ] 

(because A (e = 1/ a) > A) 
2 1 T -:. T 

The difference EU (1/ a) - EU (11 ;!) equals 

a 

sequence which is increasing in the number of. periods: 

[l/a - ;!I 2a2 
- l/Za ] [1 +" + 02 + ... + "T-I] + oT[l/ 2;! - 1/ 2a] < 
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< [11;; 

0 [ 11 

= 
where 

Thus 

If R
T= 
1 

- 2 -
- i!l2a - 1I2a ] 

2i! - 11 2;;]}= 

the s i gn < follows 

11 2a is optimal. 

+ .. . + 

from " > (1 - K) 

T 
11 (There is ratcheting) e = a 

- 1 

o (Lemma 6.3) 

Corol l ary to Lemma 6.3 

Let" > (1 K). If RT- n= 112 a is optima l for n = 0.1.2 ... .. T - 1. 
1 

T- n 
then !;'. 1 = 11 a for n = 1.2 . (T - 1). that is . there is ratchetlng 

(hiding) i n (T - n) for n = 0.1 • .. . . (T - 1) 

Proof. It is straightforward . 

Let 
-T-n -

" > (1 - K) and let A s.t. R = 11 2 a is op t ima l for n = 1.2 •.... T - 1 
1 

and V A' ~ A (A such that for a l l the remaining periods R = 11 2a is optimal 
I 

V A' > A). 

Let 

11 2a - RT = A 
- I 

[1/2;; - i!1 2;;2] [1 +" + ,,2 + ... + "T-I] + "T[1I2i! - 1/ 2;;] B 

RA=B S.t. if RT = RA=B t hen A = B 
I I I 

Then in the T- period model equilibrium: 

i) RT E { II 2;;. RA=B } 
1 I 

ii) " 1(1 - ,,) ~ (K - 1 + A)/(1 - A)( 1 - K)2 * 

iii) If for A R- A=B ~ II 2a and ,'n 'l'b' equl 1 rlum 
I 

RT = 11 2a 
1 

RT = 11 2a 
I 

then V A'~ A we a l so have RT = II 2;; in equi libri um 
I 

- T 
We first see that for such a A the re a re only two candidates for optima l R . 

I 

It i s immediate that - T 
R 

I 
< II 2a is not optimal (it induces both 

countries to exactly the same behavior in the same period as RT = 1/ 2a and 
I 

the bank decreases its initial profits) 
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-I 
If the bank sets R > 11 Z a, we have in equ i libr ium: 

1 

il e a 
1 

iil ~ E {a, 11 Z;! } 
1 

iii) A (e = 11 Za ) = a 
2 1 -

i v) A (e = 0) > A (from (i)) 
2 1 - 1 

Thus, ~·s repayments are : 

= 11 Za - ilI = A 
- 1 

(f rom (iii)), and 

2 1 -1 I 
EU (0) = NR [ 1 + 0 + 0 + ... + 0 ] + 0 Rev = B (from iv and the A' > A 

hypothesis) 

-I -.. R = 11 Za 
1 

We thus have : 

v) If B < A, 

Proof 

- T 
Rl induces 

today that 

-T R is not opt ima l . 
1 

e = e 
- , 1 

amount 

= O. If 

and wou ld 

-T when setting t he proposed R . 
1 

vi) If B > A R I is not optimal. , 1 

the bank set 
-I 
R = 

1 
11 

start tomorrow wi th 

Za 

the 

it would rece ive 

same beliefs as 

Proof : Take RI + £ . It also yields B > A and, therefore, induces the same ;!'s 
1 

behavior. But it yields higher profits today. 

From (v) and (vi) it follows that in equilibrium RI E { 11 Za, RA=B } 
1 

Notice now that 

EIT (11 Za) = 11 Za 

Err (ilA=B) = (1 - A) { 11 Z;! - [I l2a - ;!l2a2
] [0 + 02 + .. + 01- 1 ] - 01 [l iZ;! -

1 

l/Za] } + (1 - A)oTI+
1

(A=0) + ~o TI+l(~= l)si il~=B > 11 Za 

Err ( 11 Za) does not depend on ~ 

and after some a lgebra we can fi nd that 

Thus, if for ~ it holds t hat £TI(ll2a', A) > Err (R- A=B A) then it will a l so 
1 ' , 

ho ld for A' > ~ in the T- period model. QED 

70 



Let us now find IT+l (A> 1 - K) , ~ +l(A > 1 - K) and IT +l(A=l). 

We have that under RT = II 2a, e = II a and thus 
I - I 

IT+l (A > 1 - K) = II 2a [ 1 + 0 + 02 + ... + oT] = II 2a [ 1 - oT+l]1 [1 - 0] 

(notice that it does not depend on A for A > 1 - K because we have 

assume R = l /Za will be optimal for eve ry remaining period) 
I 

- T Under R II Za, it holds that: 
I 

~ +1 (A > 1 - K) = [ll2a - l!c12a2] [ 1 + 0 + . . + oT- l] + [l/Zl!c - lIZa] (oT) 

IT +l(A=l) = II Zl!c [ 1 + 0 + ... + oT] 

Thus, under the hypothesis that RA=B > II Za, we have: , 
EIT (RA=B) > EIT(11 Za) iff 

I -

(1 - A)[ II Zl!c - 0 ~ +I(A > I - K) + 0 0 (A=O) +1 > l/Za + 0 (1 - A) 0+
1 

(A > 

I - K) iff 

(after some algebra) 

1 - A - K + (1 - A)o(1 - K)2(1 + 0 + . . 0T- l) ~ 0 

The left-hand side i s a sequence which increases in T and converges, whe n T~ 

m, to 

1 - A - K + (1 - A)oll - K)2/ (1 - 0) ~ 0 iff 

01 (1 - 0) > (K - 1 + A) I (1 - A)(l - K)2 

Lemma 6.S 

D(Lemma 6.4) 

The condition RA=B = II 2a - 0 ~ +1 (A > I - K) > 11 Za ( "feasibility of 
A=B ,-

R ") stops holding from some Tiff 0 > II (1 - K) 

Proof. 

A=B 
R, is feasible iff II Zl!c - II Za ~ 0 ~ +l(A > 1 - K) 

(the right-hand s ide is what l!c obtains if , play ing ~ , = 11 a with probability 
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one, "makes a mistake" and plays instead ~ = 11;!, thus inducing>. = 1) 

iff 

- 2 2 T-1 - T 
l iZ;! - 1/Za - [ 11a - 1/Za - ;!/Za ] [ 0 + 0 + . .. 0 ] - [II Z;! - 1/Za]0 ~ 0 

the left-hand side is a decreas i ng (in T) sequence which, as T -7 00 , 

converges to 

liZ;! - 1IZa - 11a - 1/Za - ;!/Za2 ] 0/(1 - 0) > 0 iff 

0.".11 (l+K) 

D(Lemma 6.S) 

R A=B 
Thus, i f 0 > II (1 + K), from some T, in the T- per iod model, < II Za . 

1 

- A=B From lemma 6 . 4 and condition R > II Za we obtain that if 0 > 1 - K 
1 

transitory stonewalling arises iff 

0/(1 - 0) > (K - 1 + >.)/(1 - >') (1 - K)2 and the first T value for which 

2 2 T A=B SC(T) = 1 - >. - K + (1 - >')(1 - K) (0 + 0 + . .. + 0 ) > 0 (Condition R 
1 

(increasing in T sequence) 

satisfies 

[ T-1 + sT ".'\=8) SD(T) = 1 - K 0 + ... + 0 1 u ~ 0 (feasibility of ,. 
1 

(decreasing in T sequence) 

Finally we have: 
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Lemma 6.6 

If for A it is the case that in equilibrium RT = 11 2a V T, the n if A'~ A 
1 -T 

it is also the case that the equilibrium exhibits R = 11 2a V T 
1 

Proof. 

If T = 2, from the two-period model solution we know that the lemma 

holds . If we assume that it holds for T = L - 1, then from l e mma 6.4 - ii i 

and from the fact that SD(T) does not depend on A it follows that it also 

holds for T = Ll 
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Finally, the following corollary is easily obtained: 

Corollary 

If K produces transi t ory stonewall i ng and (1 - 0 ) < K' < K, then K'produces 

transitory stonewa lling . 

If ? produces transitory stonewalling and ? ' < ?, t hen ?' produces 

trans itory stonewalling 

(A change in 0 has an amb iguous eff ect in the zone we are pl aced) 

Proof 

a SC(T) I a ? ~ - 1 - (J - K )2(0 + 02 + ... + oT) < o \I T 

a SC(T) I a K ~ - 1 - 2(1 - K) (1 - ?) (0 + 02 
+ ... + oT) < 0 \I T 

a SD(T) I a K ~ - [ 
" + 

+ oT-1] < 0 \I T 

a SD(?) I a ? ~ 0 \I T 
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