
Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Why Do Borrowing Conditions for Sovereign
Debt Differ?

Lender’s Trust And Borrower’s Cost

Yanling Guo

Goethe University Frankfurt

April 13, 2012 - 5th FIW



Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Outline

1 Motivation

2 Literature Review

3 The Model

4 The effect of α
Model of the default probability
Model of the default rate
Multiple equilibrium
What is α

5 Examples
The Calvo Model
The Eaton-Gersovitz Model

6 Conclusion



Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Subject of this paper

Collateralized vs. non-collateralized debt
Private vs. public lenders
State-contingent vs. non-contingent debt
One-period vs. multi-period bonds
Public vs. publicly garanteed vs. private debt
Domestic vs. external debt?



Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Subject of this paper

Collateralized vs. non-collateralized debt

Private vs. public lenders
State-contingent vs. non-contingent debt
One-period vs. multi-period bonds
Public vs. publicly garanteed vs. private debt
Domestic vs. external debt?



Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Subject of this paper

Collateralized vs. non-collateralized debt

Private vs. public lenders
State-contingent vs. non-contingent debt
One-period vs. multi-period bonds
Public vs. publicly garanteed vs. private debt
Domestic vs. external debt?



Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Subject of this paper

Collateralized vs. non-collateralized debt
Private vs. public lenders

State-contingent vs. non-contingent debt
One-period vs. multi-period bonds
Public vs. publicly garanteed vs. private debt
Domestic vs. external debt?



Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Subject of this paper

Collateralized vs. non-collateralized debt
Private vs. public lenders

State-contingent vs. non-contingent debt
One-period vs. multi-period bonds
Public vs. publicly garanteed vs. private debt
Domestic vs. external debt?



Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Subject of this paper

Collateralized vs. non-collateralized debt
Private vs. public lenders
State-contingent vs. non-contingent debt

One-period vs. multi-period bonds
Public vs. publicly garanteed vs. private debt
Domestic vs. external debt?



Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Subject of this paper

Collateralized vs. non-collateralized debt
Private vs. public lenders
State-contingent vs. non-contingent debt

One-period vs. multi-period bonds
Public vs. publicly garanteed vs. private debt
Domestic vs. external debt?



Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Subject of this paper

Collateralized vs. non-collateralized debt
Private vs. public lenders
State-contingent vs. non-contingent debt
One-period vs. multi-period bonds

Public vs. publicly garanteed vs. private debt
Domestic vs. external debt?



Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Subject of this paper

Collateralized vs. non-collateralized debt
Private vs. public lenders
State-contingent vs. non-contingent debt
One-period vs. multi-period bonds

Public vs. publicly garanteed vs. private debt
Domestic vs. external debt?



Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Subject of this paper

Collateralized vs. non-collateralized debt
Private vs. public lenders
State-contingent vs. non-contingent debt
One-period vs. multi-period bonds
Public vs. publicly garanteed vs. private debt

Domestic vs. external debt?



Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Subject of this paper

Collateralized vs. non-collateralized debt
Private vs. public lenders
State-contingent vs. non-contingent debt
One-period vs. multi-period bonds
Public vs. publicly garanteed vs. private debt

Domestic vs. external debt?



Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Subject of this paper

Collateralized vs. non-collateralized debt
Private vs. public lenders
State-contingent vs. non-contingent debt
One-period vs. multi-period bonds
Public vs. publicly garanteed vs. private debt
Domestic vs. external debt?



Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Domestic vs. external debt

classification
criterion

Domestic Debt External Debt

citizenship
of lenders

residents foreigners

juridical
governance

domestic law foreign law

currency
denomination

domestic currency foreign currency



Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Domestic vs. external debt

classification
criterion

Domestic Debt External Debt

citizenship
of lenders

residents foreigners

juridical
governance

domestic law foreign law

currency
denomination

domestic currency foreign currency



Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Domestic vs. external debt

classification
criterion

Domestic Debt External Debt

citizenship
of lenders

residents foreigners

juridical
governance

domestic law foreign law

currency
denomination

domestic currency foreign currency



Why Do
Borrowing

Conditions for
Sovereign

Debt Differ?

Yanling Guo

Motivation

Literature
Review

The Model

The effect of
α
Model of the default
probability

Model of the default
rate

Multiple equilibrium

What is α

Examples
The Calvo Model

The Eaton-Gersovitz
Model

Conclusion

Empirical evidence

"Unambiguously, output declines in the
run-up to default on domestic debt are
typically significantly worse than for
external debt. As ..., the average
cumulative decline in output during the
three-year run-up to a domestic default
crisis is 8 percent. The output decline on
the year of the domestic debt crisis alone
is 4 percent; the comparable average decline
for the external debt events is 1.2
percent."

Reinhart and Rogoff (2011)
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The general value function

V(yt , zt−1bt−1, ~pt ;α) =

sup
bt∈Bt ,θt∈Θt ,gt∈Gt ,τt∈Υt

{U(ct ,gt ) + βEtV(yt+1, ztbt , ~pt+1(θt );α)} s. t.

ct = yt − x(τt )− τt + α(1− θt )zt−1bt−1 − αbt

(1− θt )zt−1bt−1 + gt = τt + bt − p(θt )− ~pt

zt = inf[z : ztEt [1− θt+1] = Rt ]
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The simplified value function

V(yt , zt−1bt−1, ~pt ;α) =

sup
bt∈Bt ,θt∈[0,1],gt∈Gt

{U(ct ,gt ) + βEtV(ztbt , ~pt+1(θt ))} s. t.

ct = yt − x(τt )− (1− α)(1− θt )zt−1bt−1

+ (1− α)bt − gt − p(θt )− ~pt

τt = (1− θt )zt−1bt−1 + gt − bt + p(θt ) + ~pt

zt = inf[z : ztEt [1− θt+1] = Rt ]
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Financial market exclusion

The value function with financial market access

Vf = max
(
Vd ,Vn

)
The value of non-default

Vn(zt−1bt−1) = sup
bt∈Bt ,gt∈Gt

{U(ct ,gt ) + βEtVf (ztbt )} s. t.

ct = yt − x(τt )− (1− α)zt−1bt−1 + (1− α)bt − gt

τt = zt−1bt−1 + gt − bt

zt = inf[z : ztEt [1− θt+1] = Rt ]
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Financial market exclusion

The value of default Vd (zt−1bt−1) =

sup
θt∈[0,1],gt∈Gt

{U(ct ,gt ) + β
[
κEtVf (0) + (1− κ)EtVa(~pt+1(θt ))

]
} s. t.

ct = yt − x(τt )− (1− α)(1− θt )zt−1bt−1 − gt − p(θt )

τt = (1− θt )zt−1bt−1 + gt + p(θt )

The value of anarchy Va(~p) =

sup
gt∈Gt

{U(ct ,gt ) + β
[
κEtVf (0) + (1− κ)EtVa(~p)

]
} s. t.

ct = yt − x(τt )− gt − ~p
τt = gt + ~p
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The Eaton&Gersovitz type model

V(yt , (1− α)zt−1bt−1, ~pt ) =

sup
bt∈Bt ,θt∈[0,1],gt∈Gt

{U(ct ,gt ) + βEtV(yt+1, (1− α)ztbt , ~pt+1)} s. t.

ct = yt − (1− α)(1− θt )zt−1bt−1

+ (1− α)bt − gt − pt − ~pt

zt = inf[z : ztEt [1− θt+1] = Rt ]
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The value of default

Vd (yt , (1− α)zt−1bt−1) =

sup
θt∈[0,1],gt∈Gt

{U(ct ,gt ) + β
[
κEtVf (yt+1,0) + (1− κ)EtVa

t+1(yt+1, ~p)
]
} s. t.

ct = yt − (1− α)(1− θt )zt−1bt−1 − gt − pt

Va
t (yt , ~p) =

sup
gt∈Gt

{U(ct ,gt ) + β
[
κEtVf (yt+1,0) + (1− κ)EtVa

t+1(yt+1, ~p)
]
} s. t.

ct = yt − gt − ~p
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The optimal default rate

Vd (yt , (1− α)zt−1bt−1) =

sup
θt∈[0,1],gt∈Gt

{U(ct ,gt ) + β
[
κEtVf (yt+1,0) + (1− κ)EtVa

t+1(yt+1, ~p)
]
} s. t.

ct = yt − (1− α)(1− θt )zt−1bt−1 − gt − pt

Va
τ (yτ , ~p) = U((yτ − ga

τ − ~p),ga
τ )

+ β
[
κEτVf (yτ+1,0) + (1− κ)EτVa

τ+1(yτ+1, ~p)
]

FOC over θt :

∂Vd

∂θt
= U1(ct ,gt ) ∗ (1− α)zt−1bt−1 ⇒

if α = 1 then θt = 0
otherwise θt = 1 given default decision
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The value of full default

Vd (yt , (1− α)zt−1bt−1) =

sup
gt∈Gt

{U(ct ,gt ) + β
[
κEtVf (yt+1,0) + (1− κ)EtVa

t+1(yt+1, ~p)
]
} s. t.

ct = yt − gt − pt

Va
τ (yτ , ~p) = U((yτ − ga

τ − ~p),ga
τ )

+ β
[
κEτVf (yτ+1,0) + (1− κ)EτVa

τ+1(yτ+1, ~p)
]

Conclusion
The value of full default is independent from α
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The value of non-default

Vn((1− α)zt−1bt−1) =

sup
bt∈Bt ,gt∈Gt

{U(ct ,gt ) + βEtVf ((1− α)ztbt )} s. t.

ct = yt − (1− α)zt−1bt−1 + (1− α)bt − gt

zt = inf[z : zt (1− λt ) = Rt ]

More compact:

Vn((1− α)zt−1bt−1) =

U((yt − (1− α)zt−1bt−1 + (1− α)bn
t − gn

t ),gn
t )

+ βEtVf ((1− α)ztbn
t ) s. t.

zt = inf[z : zt (1− λt ) = Rt ]
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The value of non-default

Theorem (1)
For any 0 ≤ α1 < α2 < 1 and any given outstanding amount
of debt zt−1bt−1 ≥ 0, we have that
Vn((1− α1)zt−1bt−1) ≤ Vn((1− α2)zt−1bt−1).

Go to Proof 1

Conclusion

Compare Vd with Vn we conclude that the default probability
λt ≡ Pr(Vd

t+1 > Vn
t+1) decreases with increasing α.

Skip Proof 1
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The proof

1.

Vn((1− α2)zt−1bt−1)

=U((yt − (1− α2)zt−1bt−1 + (1− α2)bn
2t − gn

2t ), g
n
2t )

+ βEtVf ((1− α2)z2t bn
2t )

≥U((yt − (1− α2)zt−1bt−1 + (1− α2)
1− α1

1− α2
bn

1t − gn
1t ), g

n
1t )

+ βEtVf ((1− α2)z
(

(1− α2)
1− α1

1− α2
bn

1t

)
1− α1

1− α2
bn

1t )

≥U(yt − (1− α1)zt−1bt−1 + (1− α1)bn
1t − gn

1t ), g
n
1t )

+ βEtVf ((1− α1)z1t bn
1t )

=Vn((1− α1)zt−1bt−1)

Back to theorem 1
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The Calvo type model

the two-period case:

V(z0b0) = sup
θ1∈[0,1],g1∈G1

{U(c1,g1)} s. t.

c1 = y1 − x(τ1)− (1− α)(1− θ1)z0b0 − g1 − p(θ1)

τ1 = (1− θ1)z0b0 + g1 + p(θ1)

and
z0 = inf[z : z0E0[1− θ1] = R0]

FOC over θ1:

U1(c1,g1) ∗ (x1(τ1)(z0b0 − p1(θ1)) + (1− α)z0b0 − p1(θ1)) = 0
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The two-period case

Theorem (2)

In a two-period model, given U1(c,g) > 0, x ′(τm) = 0 with
τm <∞ denoting the deadweight loss minimizing tax rate,
x ′′(τ) > 0 and p′′(θ) ≥ 0, then dθ∗

dα ≤ 0.

2.

From the FOC we have:

f ≡ x ′(τ1)(z0b0 − p′(θ1)) + (1− α)z0b0 − p′(θ1) = 0

∂f
∂θ

= −x ′′(τ1)(z0b0 − p′(θ1))2 − x ′(τ1)p′′(θ1)− p′′(θ1) < 0

∂f
∂α

= −z0b0 < 0⇒

dθ
dα

= −
∂f/∂α
∂f/∂θ

< 0
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The infinite-horizon case

Theorem (3)

In an infinite-horizon model, given U1(c,g) > 0, x ′(τm) = 0 with
τm <∞ denoting the deadweight loss minimizing tax rate,
x ′′(τ) > 0 and p′′(θ) ≥ 0, then dθ∗

dα ≤ 0.

3.

Consider the value function for the infinite-horizon model:

V(yt , zt−1bt−1;α) = sup
bt∈Bt ,θt∈[0,1],gt∈Gt

{U(ct , gt ) + βEtV(yt+1, zt bt ;α)} s. t.

ct = yt − x(τt )− (1− α)(1− θt )zt−1bt−1 + (1− α)bt − gt − p(θt )

τt = (1− θt )zt−1bt−1 + gt − bt + p(θt )

zt = inf[z : zt Et [1− θt+1] = Rt ]

FOC over θ1:

U1(ct , gt ) ∗ (x1(τt )(zt−1bt−1 − p1(θt )) + (1− α)zt−1bt−1 − p1(θt )) = 0
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Good equilibrium and bad equilibrium

Good equilibrium Bad equilibrium
The contracted interest rate is

lower higher
With higher outstanding amount of debt the interest rate

rises falls
With a larger α value the interest rate

falls rises
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How to measure α

the share of public debt directly owned by residents

plus the share of public debt owned by foreign
institutions of which the residents are stakeholders in
form of

share holders
creditors
employees

this share will be weighted by the intensity of the
stakeholding
net of the share of public debt owned by domestic
institutions of which the foreigners are stakeholders
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How to measure α

plus the share of public debt owned by foreigners who
can influence the political career of the decision maker

this share will also be weighted by the possibility of the
impact

α is the so composed share at the time point of debt
repayment

The value of α is positively related to the capital availability
in the domestic economy and in the economies with tight
economic and/or political links to it if the government bond
can be traded freely among the investors.
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The extended Calvo Model

Example (Calvo extended)

V(zb) = sup
θ∈[0,1],g∈{ḡ},τ∈R

{U (y − τ − x(τ) + α(1− θ)zb,g)}

≡ sup
θ∈[0,1],τ∈R

{y − τ − x(τ) + α(1− θ)zb} s. t.

(1− θ)zb + g = τ − p(θ) = τ − ωθzb

z = inf[z : (1− θ)z = R]
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The extended Calvo Model

The deadweight loss:

x(0) = x ′(0) = 0
x”(τ) > 0 ∀τ
lim
τ→∞

x”(τ) =∞ = − lim
τ→−∞

x”(τ)

From budget constraint:

θ =
zb + g − τ
(1− ω)zb

Insert θ:

inf
τ∈R
{x(τ)− ω − (1− α)

1− ω
τ} ⇒ x(τ∗) =

ω − (1− α)

1− ω
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The equilibria under different α

z

τ

ḡ + ωbz

ḡ + bz

(3)

(2)

(1)

ḡ + (1− ω)Rb + ωbz

E

(1) τ∗1 (α1 = 1) = ḡ + Rbmax
1

(2) τ∗2 (α2 < 1) = ḡ + Rbmax
2

(3) τ∗3 (α3 � 1) = ḡ + Rbmax
3
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The equilibria under different b

z

τ

τ∗−ḡ
b

τ∗−ḡ
ωb

R

b = 2
3

b = 1
Rb = 1
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The welfare effect

Assume R′ > R:

c = y − τ − x(τ) + αRb
= y + R′b − g − (1− α)Rb − x(g + Rb − R′b)

FOC:

∂c
∂b

= R′ − (1− α)R + x ′(g + Rb − R′b)(R′ − R) > 0

Domestic tax payers only:

Also cd = y + R′b − g − Rb − x(g + Rb − R′b) strictly
increases with rising b resulting from a higher α.
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The extended Eaton&Gersovitz Model

Example (Eaton&Gersovitz extended)

ct = yt − (1− α)(1− θt )zt−1bt−1 + (1− α)bt

max
θt∈[0,1]

Et

[ ∞∑
τ=t

βτ−tU(cτ − Pτ )

]
zt (1− λt ) = Rt
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The value functions

The value of default:

VD
t = Et

[ ∞∑
τ=t

βτ−tU(yτ − Pτ )

]

The value of non-default

VR
t ((1− α)zt−1bt−1)

=sup
bt

U(yt − (1− α)zt−1bt−1 + (1− α)bt ) + βEt [Vf
t+1((1− α)ztbt )]
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Proof.

Let 0 ≤ α1 < α2 < 1:

VR
t ((1− α1)zt−1bt−1)

=U(yt − (1− α1)zt−1bt−1 + (1− α1)b∗1t ) + βEt [Vt+1((1− α1)z∗1t b
∗
1t )]

≥U(yt − (1− α1)zt−1bt−1 + (1− α1)
1− α2

1− α1
b∗2t ) + βEt [Vt+1((1− α1)z∗2t

1− α2

1− α1
b∗2t )]

≥U(yt − (1− α2)zt−1bt−1 + (1− α2)b∗2t ) + βEt [Vt+1((1− α2)z∗2t b
∗
2t )]

=VR
t ((1− α2)zt−1bt−1)

⇒
λt is decreasing with rising α.
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Summary

cet. par. a higher α lowers the default propensity of the
borrowing government and hence the risk premium it
has to pay.

α represents to how much extent the (ultimate) lenders’
wealth position is considered by the borrowing
government.
equivalently, α can be viewed as the congruence
between the wealth position of the ultimate lenders and
the domestic private wealth or the aggregate wealth of
the voters.
α lies in the interval [0,1] and its exact value is
positively related to the capital availability in the
borrowing economy and in the economies economically
or politically closely linked to it.
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