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Figure 1. Target Statistics for Argentina (1980.1-2003.4)

Statistics (quarterly) Source Data Model
Panel A
World risk-free interest rate  US Treasury-bill interest rates 1% 1%
Output loss in debt crises Sturzenegger (2002) 2% 2%
Panel B
Average output growth rate MECON 0.420 0.42%
Output standard deviation MECON 4.35% 4.35%
Output autocorrelation MECON 0.82 0.82
Panel C
Average debt service/output the World Bank 9.54% 9.69%
Default frequency Reinhart et al. (2003) 0.69% 0.54%
Average recovery rate Moody’s (2003) 28% 28%
Figure 2: Model Parameter Values in the Model
Parameter Symbol Value
Panel A
Coe cient of Risk Aversion o 2
Risk Free Interest Rate r 1%
Output Loss in Default Ad 2%
Panel B
Average Endowment Growth K 0.42%
Std Dev. to Endowment Growth Shock oy 2.53%
Endowment Growth AR(1) coe cient  pg 0.41
Panel C
Time Discount Factor I3 0.740
Sanction Threat As 1.22%
Bargaining Power 0 0.83
Figure 3: Model Statistics for Argentina
Non-target Statistics Data Model
Average Bond Spreads (annual) 4.08% 1.84%
Bond Spreads Std. Dev.(annual) 1.68% 1.32%
Correlation between Bond Spreads and Output -0.12 -0.18
Correlation between Bond Spreads and Current Account 0.49 0.54
Correlation between Current Account and Output -0.88 -0.14
Consumption Std. Dev./Output Std. Dev. 1.15 1.03
Current Account Std. Dev. (annual) 5.40 2.32
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Figure 4: Recent Debt Crises and Bond Exchanges

Country Parkistan Ukraine Ecuador Russia Argentina
Time of default 98.12 98.09 99.08 98.11 01.11
Defaulted debt (billion $) 0.75 2.7 6.6 73 82.3
Defaulted debt/output 0.10 0.09 0.46 0.12 0.32
Defaulted debt/reserves 0.37 1.82 3.54 2.65 5.64

Debt recovery rate 100% 100% 40% 36.5% 28%

Note: Data are from World Bank, Chuhan and Sturzenegger (2003), and Moody’s (2003).

Figure 5: Statistics for Di erent Bargaining Powers

bargaining recovery debt default mean s consumption increment
power rate output prob. (annualized) relative to benchmark
0=0.35 89.01%  93.14%  5.36% 1.28% -0.356%
6=0.7 33.68%  13.46%  1.32% 0.96% -0.034%
0=0.83 27.93% 9.69% 2.16% 1.84% -
6=0.9 19.64% 7.83% 1.32% 1.24% 0.025%
=1 0 2.25% 0.08% 0.12% 0.062%

Figure 6: Sensitivity Analysis for Benchmark Model
Default prob. Recovery rate debt/output Mean s Std.(s)
Risk free rate

r=0.01 2.16% 27.93% 9.69% 1.84% 1.32%
r =0.02 0.77% 27.37% 8.98% 0.59%  0.38%

r=0.03 0.42% 27.74% 8.74% 0.32% 0.31%

Time discount factor

3=0.74 2.16% 27.93% 9.69% 1.84% 1.32%
B8=0.8 1.33% 34.15% 9.82% 0.94%  0.46%

8=09 0.40% 47.95% 11.77% 0.20%  0.12%

Endowment loss

As= 0.012 2.16% 27.93% 9.69% 1.84% 1.32%
Ads=0 0.70% 26.30% 9.13% 0.66%  0.71%

A= 0.02 2.16% 27.93% 9.69% 1.84% 1.32%
A =0.03 1.22% 23.54% 14.24% 1.08%  0.58%

A =0.04 0.69% 21.49% 18.96% 0.63%  0.51%
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state: b, h=0,
y drawn from p(yy.1)
|

v

state: b, h=1,
y drawn from p(yi|ye1)

1. chooses to default or nok (h”)
2. debt renegotiation if defaults
debt is reduced to a(b,y)b

3. chooses b’ if not to default

v

1.chooses how much to pay (b”)
2.h’=0if b’=0

Figure 1: Timeline of the Model
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Appendix

Proof of Theorem 1. The proof consists of three steps.
Step 1. Given any debt recovery schedule « (b,y) A, we define a price correspondence ¢ (gq) that takes
points in Q.

(1=p(q) (t',y3 ) / (L +7) =0
@ (q) (V' y;0) = +p(q) V', y;0) v (@) (Vs y;0) / (L +7) o
1/(1+7) ifp <0

where p (q) (b, y; ) and v (q) (V',y; «) satisfy (12) and (13). Thus, ¢ (q) (V/,y; «) is the set of prices for a
debt contract of type (b, y) that are consistent with zero profits given the price function ¢. We can show
that ¢ (q) (¢, y; «) is a closed interval in R and the correspondence ¢ (q) (V/,y; «) has a closed graph (see
Lemma App 5 and Lemma 8 in Chatterjee et al. (2002) for similar proofs). Therefore ¢ (q) (V/,y; ) is
an upper hemicontinuous correspondence. For any ¢ @, let ¢ (¢) @ be the product correspondence
Iy, Bxye(q) (V,y;a). Since ¢ (q) (V,y; ) is convex-valued for each V,y, ¢ (q) is convex-valued as well.
Furthermore, since ¢ (¢) (V/,y; ) is upper hemicontinuous with compact values for each ¥',y, the prod-
uct correspondence ¢ (g) is also upper hemicontinuous with compact values. (see Aliprantis and Border
(1999), Thm 16.28). Therefore, ¢ (¢; «) is a closed convex-valued correspondence that takes elements of
the compact, convex set @ and returns sets in Q. By Kakutani-Fan-Glicksberg FPT (see Aliprantis and
Border (1999), Thm 16.51) there is ¢ Q such that ¢ (g ). Hence, there is an equilibrium bond

price function ¢ (b, y) () given the debt recovery schedule «.
Step 2. Given any bond price function ¢ (b,y) @, we define a debt recovery schedule correspondence

¥ («) that takes point in A.
h. : i

v(a)(byiq) = arg max ‘AP (a;b,y,qﬂ)% ‘AL (a;bvy7q,a)¢1_9 @)

s.t. AB (a;b,9,q,0) =0

AL (a;b,y,q,a) 20

¥ (a) (b,y; q) is the set of deb recovery rates for debt contract of type (b,y) that are consistent with Nash
bargaining game.

Given ¢, for each ¥',y, 9 (a) (V/,y;¢) is an upper hemicontinuous correspondence with nonempty
compact values from Berge’s Maximum Theorem (see Aliprantis and Border (1999) Thm 16.31 and
the technical appendix for details). For any « A, let ¢ (;a) A be the product correspondence
My, Lxy® (o) (V,y;q). Since ¥ (q) (', y; o) is upper hemicontinuous with compact values for each ', y,
the product correspondence ¢ (g; «) is also upper hemicontinuous with compact values. (see Aliprantis and
Border (1999), Thm 16.28). For bargaining power § O, ¢ (a) (¢, y; q) is single-valued, so is the product
correspondence v (q; o). Therefore, ¢ (¢; ) is a closed convex-valued correspondence that takes elements
of the compact, convex set A and returns sets in A. By Kakutani-Fan-Glicksberg FPT (see Aliprantis and
Border (1999), Thm 16.51) there is « A such that o w (a ;q). Hence, there exists an equilibrium
debt recovery schedule o (¥, y) («) given the bond price function q.

Step 3. We construct a functional mapping operator 7' : @ x A @ %< A such that

Because ¢ (q) (V',y;¢,«) and ¥ («) (b,y; ¢, ) are upper hemicontinuous, T (¢, «) is upper hemicontinous.
(see Aliprantis and Border (1999) Thm 16.23). Therefore, the correspondence T (¢, «) has a closed graph.
We can also show that T (¢, «) is convex valued. Suppose (q1,c1) T (¢, «) and (gz,2) T (q,q).
Because ¢ (q) (V/,y;q, ) is convex valued, vg1 + (1 —7) g2 ¢ (q; ). Because ¥ («) (b,y; ¢, ) is single
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valued, a1 = as = vag + (1 =) as ¥ («;q). Therefore, (vq¢1 + (1 —7) g2, ya1 + (1 — ) a2). Hence, we
can apply Kakutani’s fixed point theorem and show the existence of a fixed point.

T(q,2)(by) =(q,a)

A recursive equilibrium exists. =
Proof of Theorem 2. Because A® (a;b,y) and A" (a; b, ) are both function of al, define A? (a;b,y) =
BB (ab;y), and AL (a;b,y) = BL (ab;y). The bargaining problem is equivalent to the following
s - s .

0
max R (ab;y) RY (abyy)

al

1—6*

s.t. BB (al;y) =0
AL (al;y) =0

where the functional form of &% (al;y) and & (al;y) are transformations of AP (a;b,y) and AL (a;b,y).
For bargaining power 6  ©, given (b,y), the renegotiation surplus has a unique optimum. In the trans-
formed problem, the optimal solution is solely a function of endowment y and we denote it as b, < 0. The
bargaining over debt reduction has constraint «  [0,1]. When b < b,, the constraint «  [0,1] is not
binding, so a = %’ If b=10,, the constraint « [0,1] is binding, so a = 1.

Therefore, "

“bu i p < by
. b
Because an equilibrium debt recovery rate function is a fixed point of the correspondence ¢ («; q) (b, y), the
debt recovery rate also satisfies

by if
a(by) = I{fb

<
= b
]

Proof of Theorem 3. It is easy to show that v (b,0,y) is increasing in b (see technical appendix for
details). Since the equilibrium debt recovery schedule satisfies Theorem 2, given endowment y, the debt
arrear after(LdefauItmg is independent of b. Thus, the utility from defaulting is mdepen@ent of b. Therefore,
it v b0,y = =u((1—Aa)y) + Bv(by,1,y), ithe(p it must be the case that¢v 0.0,y = =u((1=Xa)y) +
Bu (by,1,y). Hence, any y that belongs in D b* must also belong in D "0 m

Proof of Theorem 4. Let d (b,0,y’) be the equilibrium default functions. Equilibrium default
probability is then given by 7

p(V,y) = Gd (0,0,y") du (y'ly)
i ¢ i ¢
From Theorem 3, if d lbl,o,y’ =1, then d IbO,O,y’ = 1. Therefore,
i ¢ i ¢
p'y =p by
]

Proof of Theorem 5. Letp (b,y) be the equilibrium default probability function and o (b,y) be

the equilibrium debt recovery schedule. The expected debt recovery rate is then given by

y dgv', 0,y ) a (Vs y') dp (y'ly)
y d(¥,0,y") dp (y’ly)

¢ ¢
From Theorem 2, given y, for bo < = by=04a bO,y <a bl,y 1. Therefor& the equnl&)rlum
expected debt recovery rate v bo,y <7 bl,y < 1. And from Theorem 4, p 'po Y =P bl,y For

Y, y) =
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the country’s indebtedness, the equilibrium bond price is given by

L=p(®,y)  pW,y) -~y

/ _
¢(tsy) = 1+7r + 147
_ 1=pty) Q=¥ y)

1+7r

Hence, we obtain that ¢

- ¢ -
gy <q'by

u
Proof of Theorem 6. Because « (.) is concave function, given b, for all " <0,

(L= Ay +5) = (1= M)y +b=b/ (1 +r)] =0

Ifb L__and b=, forall ¥ <0,

u((l=2A)y+0) —u((l=A)y+b—=b/(1+7))
U((l—zz\d)y+b)+U((1—/\d)yfb—b’/(1+r))

= py'~° YU(O,O,y’)du W'ly) + 8 va’ Ly ) du (y'ly)

v

Thus,
z
w((I=X)y+b)+8 v (0,0,9)du(yly)
Y
z
= supu((I1=X)y+b=0/(1+r)+8 o, 1,y)du(yly)

b <0 Y

which implies 7

v(b,Ly) =u((1—X)y+0b)+p Yv(O,O,y’) dp (y'ly)

Ifo L__and b=, forall ¥’ < 0, suppose

Z
u((1=A)y+b)+p Yv(0,07y’)du(g’ly)
> ;11<13U((1—Ad)y+b—b’/(1+r))+B Yv(b’,l,y’)du(y’ly)
then, according to the above analysis,
Z
u((I=Xa)y+b)+8 Yv(O,O,y’)du(g’ly)
> ;li%u((l_)\d)y+b_b//(1+r))+B Yv(b’,l,y’)du(y’ly)

contradiction. m
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