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Abstract
�is paper studies the losses to the citizenry when the private agents discount the future

at di�erent rates than their government. In the presence of such a disagreement, the private
sector may prefer an environment in which the government is in �nancial autarky. Using
a sequence of sovereign debt models, the paper quanti�es the potential welfare losses that
citizens su�er from the government’s access to international bond markets.

1 Introduction

�e fact that Argentina is experiencing a �scal crisis only two years a�er coming to terms with
bondholders from the previous default is just the latest reminder that governments frequently
borrow to the point of default. Reinhart and Rogo� (2004) refer to this phenomenon as “serial de-
fault.” Rationalizing this pa�ern typically begins with modeling governments, and the politicians
that run them, as impatient.1 In particular, the government’s discount rate is higher than that of

∗�is paper was prepared for the International Monetary Fund 19th Jacques Polak Annual Research Conference.
We thank Cristina Arellano, Javier Bianchi, Doireann Fitzgerald, and Christopher Phelan for helpful discussions. �e
views expressed herein are those of the authors and not necessarily those of the Federal Reserve Bank of Minneapolis
or the Federal Reserve System.

1A well established political economy literature has provided several models that generate impatient policy mak-
ers.
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international lenders. �is is a pervasive feature of the political economy literature as well as the
quantitative sovereign debt models.

While the government may be relatively impatient viz-a-viz the world interest rate, the sovereign
debt literature is o�en silent on the discount rates of domestic private agents. We explore how
sensitive is private sector welfare to disagreement in discount rates between politicians and their
constituents. We do so by asking a simple but stark question: at what level of disagreement would
the private sector be be�er o� if the government had zero access to international debt markets.

�is zero external borrowing rule is an extreme version of the rich set of �scal rules seen in
practice.2 In this paper, we focus on the costs of external public indebtedness and abstract from
domestic debt, taxation and redistribution considerations.3 We propose a decomposition of the
e�ects of external access on private sector’s welfare and identify three costs that arise when an
impatient government can access international sovereign debt markets:

1. Front-loading of expenditures: from the perspective of a more patient household, an impa-
tient governments shi�s too much spending towards the present.

2. Excess-variability of expenditures: by borrowing more in good endowment states than in
bad, the government may introduce additional variability to the spending allocation.

3. Default costs: By borrowing, the government exposes the country to a future default and
its associated costs.

To explore and quantify these potential channels, the analysis begins with a simple determin-
istic benchmark. In this benchmark, the government faces a debt limit (where the debt limit is
assumed to be such that the government does not default). Access to external debt markets allows
the government to front-load the consumption allocation, and this is the only distortion relative
to the household optimal path of spending. We show that this tilting of consumption in the
absence of default has minimal welfare consequences for standard values of the inter-temporal
elasticity of substitution: households strictly prefer that their government borrows (unless their
discount factor is close to the interest rate). Hence, this simple model does not make a strong
case for banning sovereign borrowing unless the households are su�ciently patient.

�e simple model however ignores two important elements: uncertainty and the possibility of
default in equilibrium. To assess the implications of these, we turn to the quantitative sovereign
debt models popular in the literature. In these models, which are based on an earlier contribution
by Eaton and Gersovitz (1981), the government faces uncertainty with respect to its revenue or
endowment, and borrows with an uncontingent bond. However, the government may choose

2See Lledó, Yoon, Fang, Mbaye and Kim (2017) for a survey of existing rules.
3Malaysia is an example where the �scal rule includes explicit limits on external public debt, in addition to

domestic.
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to default, in which case it su�ers a period of reduced output and no access to international
�nancial markets. We begin with the early contributions of Aguiar and Gopinath (2006) and
Arellano (2008).

�e Aguiar-Gopinath (AG) model with transitory shocks hews closely to the original Eaton
and Gersovitz (1981) model. �e major di�erence is adding a proportional drop in the endowment
while the country is in default. We show that this model generates results strikingly similar to the
back-of-the-envelope benchmark described above. �e reason is primarily due to the infrequent
default under this calibration, a feature of the model emphasized in the original AG paper.

Arellano (2008) introduces a richer notion of default costs. In particular, Arellano assumes
a non-linear decline in the endowment in default, with no losses for low output realizations
and large declines for high output realizations. �e fact that equilibrium default occurs in low-
endowment states implies negligible deadweight losses as well as a higher frequency of default
relative to AG. Despite the frequency of default, the fact that deadweight losses are minimal gen-
erates welfare losses similar in magnitude to AG and the benchmark calculation. More accurately,
compared to AG, the losses are relatively sensitive to the di�erences in discount factors, but the
magnitude is only on the order of 0.2% of consumption.

We then turn to the richer environments explored by Hatchondo and Martinez (2009) and
Cha�erjee and Eyigungor (2012). �ese papers introduced long-term bonds and �agged that the
incentive to dilute existing bondholders plays an important role in debt dynamics and the fre-
quency of default. We �rst provide a theoretical result: despite the incentive to dilute and the
potential bene�cial role for �scal rules (See Hatchondo, Roch and Martinez, 2012), the govern-
ment strictly prefers access to bond markets over �nancial autarky. �e rule of zero access to
sovereign markets is too costly: a government will never voluntarily shut itself out of sovereign
debt markets.

Using the calibration of Cha�erjee and Eyigungor (CE), we �nd large welfare losses for house-
holds at relatively small levels of discount rate disagreement. �e reason for the sharp di�erence
is that the simulated economy spends a signi�cant fraction of time in the default state. Given
the endowment costs due to default, this generates a large deadweight loss. We conclude that
the presence of default costs in equilibrium signi�cantly strengthen the case for banning inter-
national sovereign debt borrowing.

Related Literature

For a comprehensive review of the sovereign debt literature, we refer to Aguiar and Amador
(2014a) and Aguiar, Cha�erjee, Cole and Stangebye (2016). �at some countries seem to be serial
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defaulters was �rst documented in Reinhart and Rogo� (2004).4 �e quantitative sovereign debt
literature is based on the model of Eaton and Gersovitz (1981), which assumes the government is a
benevolent social planner that decides on the expenditures and the amount to borrow externally,
but it is unable to commit not to default on its debt. With one-period bonds, there is no bene�t for
the government to commit to �scal rules that restrict its future borrowing and spending decisions.
When the government has time-inconsistent preferences, Alfaro and Kanczuk (2017) discuss the
role for �scal rules within such an environment. �ey also analyze the case where the govern-
ment has standard exponentially discounted preferences, but its discount factor di�ers from the
citizen’s. With longer-duration bonds, there are potentially bene�ts of commi�ing to �scal rules
even for a benevolent government, a point explored in detail in Hatchondo et al. (2012). �at
paper also discusses the case for �scal rules when the private agents have a di�erent discount
factor from the government. Our contribution, in relation to the last two papers, is to provide
a simple benchmark exercise to quantify the losses from market access, as well as to investigate
the magnitudes and the degree of disagreement across several calibrations and environments. In
addition, rather than exploring di�erent �scal rules, we focus on the simpler question of whether
the citizens would prefer that their government had no access to external debt markets.5

2 A Simple Model of Inter-Temporal Disagreement

In this section we set the stage for our quantitative analysis by considering a simple model that
admits closed form solutions. In addition to providing a useful reference, it allows a back-of-
the-envelope calculation that demonstrates that inter-temporal disagreement in a default-free
environment has limited welfare consequences.

Consider a simple deterministic consumption-savings problem in which a potentially impa-
tient government decides how much to consume and borrow from international �nancial markets.
Time is in�nite and continuous. �ere is a small open economy (SOE) which is endowed with a
constant endowment �ow, y. At every instant, the government decides the consumption of the
representative consumer, ct , and �nances it with the endowment plus issuing bonds with face
value bt to international �nancial markets. International �nancial markets are willing to lend to
the government at a constant interest rate r up to a borrowing limit, b.

�e budget constraint for the SOE is:

Ûbt = ct + rbt − y, (1)

4See also Amador and Phelan (2018) for a model as well as other references.
5For other models where �scal rules are useful, see Dovis and Kirpalani (2018) and the work of Halac and Yared

(2018).
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which states that the change in debt equals consumption plus interest rate payments on the debt
minus the endowment.

2.1 �e Government’s Value

�e government’s preferences over consumption sequences are given by:

U =
∫∞

0
e−ρGtu(ct )dt .

We impose that ρG > r , so that this government is more impatient than the market interest rate,
and, as a result, ends up borrowing to the maximum b.

A useful case, which we pursue throughout, is that of power utility: u(c) = c1−σ

1−σ for σ > 0 and
σ 6= 1 and u(c) = log(c) for σ = 1. �e parameter σ = u ′(c)

−cu ′′(c) is the inter-temporal elasticity of
substitution (IES).

�e solution to the government’s problem is straightforward. �e fact that ρG > r implies
that the government borrows up to the limit. �e speed at which it does this is governed by the
degree of impatience and the inter-temporal elasticity of substitution (IES). In particular, while
bt < b, consumption obeys the Euler Equation:

Ûc

c
=

u′(c)
−cu′′(c)

(ρG − r ) .

Once bt = b, then c = y − rb.
With constant IES, the solution has a closed form. Speci�cally, starting from b0 = 0, let T

denote the �rst time bt = b. We have

ct =

e
ρG−r
σ (T−t )(y − rb) ; t ∈ [0,T ]

y − rb ; t > T
(2)

where T is such that

1 − r
b

y
=

erT

1 − r σ
ρG−r (1−σ )

(
1 − e

T (ρG−r (1−σ ))
σ

) .
Let V0 denote the associated value of the government, where the subscript zero reminds us

that the initial debt is zero. For conference, let us de�ne the value of autarky for the government:

VA =
u(y)
ρG
,
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which represents the value to the government if it could not borrow nor save internationally (in
which case, it is constrained to equalize its expenditures to the endowment).

Given that the government can always choose not to borrow, it follows that V0 ≥ u(y)/ρG . It
is also straightforward to argue that if ρG > r and b > 0,V0 > u(y)/ρG . Hence, such a government
�nds it bene�cial to have access to international markets. As we will see below, this result survives
the presence of uncertainty, potential default, and the introduction of debt dilution into the model.

�e question of interest relates to the bene�ts of access to international �nancial markets
from the perspective of the households of the SOE, to which we now turn.

2.2 �e Households’ Value

We assume that, in addition to the government, the SOE also contains a representative household.
�is household cannot borrow or save internationally, and values the expenditure �ows generated
by the government using the same utility �ow function as the government, u. Importantly, we
assume the household uses a di�erent inter-temporal discount factor, ρH . Clearly, when ρH = ρG ,
the government is benevolent and agrees with the household ranking of consumption paths.
However, when ρH < ρG , then we say the government is impatient with respect to the households.
In this case, the households ranking of consumption paths disagrees from the government’s.

LetW0 denote the welfare of the household under the consumption plan chosen by the gov-
ernment in 2 and constant IES preferences:

W0 =


e−T ρH

(
1
ρH

+ e
T(

ρG−r
σ (1−σ )+ρH )−1

ρG−r
σ (1−σ )+ρH

)
(y−rb)1−σ

1−σ ; if σ 6= 1

ρG−r
ρH

(
e−T ρH −1

ρH
+T log(y − rb)

)
; if σ = 1

�e representative household’s autarkic value is:

W A =
u(y)
ρH

Note that if ρH = r , then autarky is the optimal consumption plan from the perspective of the
household. �at is, if ρH = r , thenW0 <W

A for any ρG > r and b > 0.
In this simple environment, if the household’s discount rate equals the foreign interest rates,

then giving the government access to international �nancial markets unambiguously reduces
household’s welfare. �e intuition is straight-forward: with no access to international �nancial
markets, consumption equals the constant endowment, which corresponds to the best allocation
from the household perspective. Allowing the government the ability to distort consumption
inter-temporally away from this benchmark induces a reduction of household welfare.
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�e Welfare Costs of Financial Market Access: A Simple Calculation

To assess the welfare costs of market access when the household and the government disagree on
inter-temporal trade-o�s, de�ne λ̂ as the percentage increase in the autarky consumption path
that would make a household indi�erent between this allocation and the allocation where the
government follows its optimal borrowing plan. �at is:

λ̂ ≡


(
W0
W A

) 1
1−σ
− 1 ; if σ 6= 1

eρH (W0−W
A) − 1 ; if σ = 1,

where λ̂ captures the welfare gains from international �nancial market access.
Using the previous calculations, we obtain the following result:

Lemma 1. For b > 0 and ρG > r , the welfare gains from international �nancial market access are
strictly increasing in ρH , and given by

λ̂ =


erT (ρG−r (1−σ ))

ρG−r

(
1−σeT

ρG−r (1−σ )
σ

) (
ρHσe

T (1−σ ) ρG−rσ +e−T ρH (ρG−r )(1−σ )
(ρG−r )(1−σ )+ρHσ

) 1
1−σ

− 1 ; if σ 6= 1

ρG
ρG−r (1−reρGT )e

(ρG−r ) e
−T ρH −1
ρH

+ρGT ; if σ = 1

(3)

Proof. In the appendix. �

As stated in the lemma, the welfare gains are strictly increasing in ρH : a more impatient
household values more the ability that its government can borrow internationally,

At the other end, when the households are in�nitely patient, that is, when ρH → 0, λ̂ con-
verges to :

lim
ρH→0

λ̂ = −r
b

y

�is result is quite intuitive: in the limit, consumption converges toy−rb, and hence, an in�nitely
patient households needs to be positively compensated with respect to its endowment path by
exactly rb/y. It follows as well that this value is the maximum possible loss, as λ is strictly
increasing in ρH .

�e question that concerns us is quantitative: how large are the potential losses from �nan-
cial market access? And how are they related to the di�erence in discount factors between the
households and the government?

Towards this goal, let us make the following parametric assumptions, which lie within the
ballpark of the assumptions made in the quantitative sovereign debt literature. We set σ = 2,
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and let r = 0.04, representing a 4% real annual rate of return on a safe external asset. We let
b/y = 0.25, representing a 25% percent of external debt over the annual GDP.

In our �rst exercise, we vary ρG and calculate the value of ρH that makes the household
indi�erent between market access or autarky, that is, the value of ρH such that λ̂ = 0. �e results
of this exercise are summarized in Figure 1.
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Figure 1: Values of ρH above the solid thick line represent values for which the households strictly
prefer access to �nancial markets over autarky. Values below are those where the opposite is
preferred. �e indi�erence points are captured by the solid thick line. �e dashed lines represent
the market discount rate. �e do�ed line is the 45° line.

Figure 1 shows that the discount rate that makes households indi�erent between autarky and
�nancial market access is (i) very close to the world interest rate, and (ii) almost insensitive to
the the discount rate of the government. Even when the discount rate of the government is 0.80
(which is equivalent to an annual discount factor of 0.45), a household with a discount rate higher
than 0.0524 (that is, a discount factor below 0.95) strictly prefers �nancial market access to autarky.6

�e second exercise highlights the magnitudes of the gain/losses. For this, we let ρG = 0.20, a
value commonly used in the quantitative literature (which we discuss below). We then compute
λ̂ using the previous parameter values, while varying ρH .

6To compute the implicit annual discount factor we compound the annual discount rate for one unit of time:
βG = e−ρG .
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Figure 2: �e solid thick line represents the value of λ̂ (y-axis) as a function of the household
discount rates ρH (x-axis) assuming ρG = 0.20. �e vertical dashed line represents the market
discount rate, r = 0.04. �e horizontal solid line represents λ = 0.

Figure 2 shows the associated values of λ as a function of ρH . Note that when ρH is close to
zero, the welfare gains are negative (that is, the households prefer autarky) and close to −rb/y =
−0.01, as expected. �at is, for ρH close to zero, the households would be willing to reduce their
consumption by 1% in order for the government not to access international �nancial markets.
Note also that very close to the market discount rate, the welfare gains turn positive and become
large. For example, for a household discount rate of 10%, the welfare gains are above 1% of
consumption.

Let us now brie�y summarize the results of the simple benchmark exercise. First, the welfare
costs of �nancial market access are bounded above by rb/y. Second, for parameter values close to
those typically assumed in the quantitative sovereign debt literature, the discount rate that keeps
households indi�erent between �nancial market access and autarky remains numerically close
to the market risk-free interest rate. As a result, households which are only slightly more im-
patient than the markets strictly prefer that their governments maintain �nancial market access
in order to front-load consumption and borrow the maximum amount. Finally, the welfare gains
from having access to �nancial markets can be potentially large, as the household discount rate
increases above the market rate.
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Our simple back of the envelope exercise suggests that allowing governments to borrow in-
ternationally is bene�cial for their citizens, even when such governments may be extremely im-
patient. However, this exercise has ignored the role of shocks, the possibility of not paying the
international debts, and the potential costs of default. We now show that incorporating such
elements makes the case for banning international �nancial market access much stronger.

3 �e Canonical Sovereign Debt Model

�e quantitative sovereign debt literature is based around the model of Eaton and Gersovitz
(1981).7 �e models in this area incorporate stochastic endowment shocks, defaultable but oth-
erwise non-contingent bonds, the possibility of default occurring in equilibrium, the existence of
default costs, and the possibility re-entry to �nancial markets a�er a default.8

We now introduce the benchmark environment. Time is discrete. �ere is a small open econ-
omy, with a government that can access international �nancial markets. Let s ∈ S denote the
exogenous state, and st represent the history of the state realizations. �e state evolves according
to a probability function given by π (s′|s). At every period, the country receives an endowment,
y(s), in units of the single consumption good.

As long as it has access to international credit markets, the government can issue bonds, each
of which is a promise to deliver an exponentially declining coupon, δ t , t periods from its issuance
date.9 Note that this implies, absent issuances or repurchases, that bonds at time t promise a
stream of payments that are equivalent to δ times that of bonds at time t − 1. Hence, if bt is the
face value of bonds at time t , net issuances are bt − δbt−1.

�e government can, at any time, choose to default. In such case, the outstanding bonds
lose all value and the government enters a (temporary) exclusion period. While excluded from
credit markets, the government cannot issue bonds or save, and the economy’s endowment is
reduced to yD(s) ≤ y(s). Once in �nancial autarky, the government may re-enter the �nancial
markets (starting with zero debt) at which point the endowment process reverts back to y(s) and
the government regains its ability to trade �nancial instruments. �is re-entry a�er a default
occurs with a constant Poisson probability θ .

In every period, the government decides whether to default or not, how much debt to is-
sue (if it has access to �nancial markets), and the level of its expenditures. We assume that the

7Early contributions to the quantitatitve literature are Aguiar and Gopinath (2006), Arellano (2008), Hamann
(2002), and Yue (2010). See the handbook chapters by Aguiar and Amador (2014b) and Aguiar et al. (2016) for addi-
tional references.

8�e model has also been extended to incorporate bargaining among creditors and the sovereign a�er a default,
production, and risk-averse lenders.

9�is follows Hatchondo and Martinez (2009) and Cha�erjee and Eyigungor (2012).
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government has preferences given by

E
∞∑
t=0

(βG)tu(ct ),

where βG ≡ e−ρG and the expectation is over the Markov process s conditional on the initial state.
As usual in the literature, we narrow a�ention to Markov perfect equilibria. �e payo� rel-

evant state variables are s , whether the government is in autarky or not, and its current level of
outstanding debt.

For the case of a government that enters the period in good credit standing, and decides to
repay its debts, its value is given by the solution to the following problem:

V (b, s) = max
b ′

{
u(c) + βG

∑
s ′ |s

π (s′|s) max{V (b′, s′),V (s′)}

}
subject to:

c = y(s) − b + q(b′, s)(b′ − δb)

whereb denotes the current level of outstanding debt; q(b′, s), the price of the bonds; andV (s′), the
value of default. Note that we have incorporated next period default decision into the government
problem. We let B(b, s) denote the policy function that solves this problem.

In case of default, the payo� to the government is:

V (s) = u(yD(s)) + βG
∑
s ′ |s

π (s′|s)
(
θV (0, s′) + (1 − θ )V (s′)

)
Finally, we need to specify how the �nancial markets value the bonds. We assume for now

that the �nancial markets are risk-neutral, and discount inter-temporal �ows at a rate R. �e
bond price is then:

q(b, s) =
1
R

∑
s ′ |s

π (s′|s)1{V (b,s ′)≥V (s ′)} (1 + δq(B(b, s′), s′))

where 1{x} is an indicator function that x is true and B(b, s′) was de�ned above to be the govern-
ment’s debt-issuance policy function.

De�nition 1. AMarkov equilibrium is then set of functionsV ,V ,q,B such that (i)V andV are �xed
points of the government’s Bellman equations; (ii) B is a solution of the government’s repayment
problem; and (iii) q satis�es the break-even condition for the �nancial markets.
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�e reference allocation is autarky.10 We de�ne the autarky welfare (starting from zero debt)
for the government as:

VA(s) = u(y(s)) + βG
∑
s ′ |s

π (s′|s)VA(s′)

With long-term bonds and the risk of default, it is not obvious that the government may not
itself prefer autarky. Hatchondo et al. (2012) show, for example, that with long-duration bonds,
the introduction of �scal or debt limits can be bene�cial from the perspective of the govern-
ment.11 Such constraints limit the negative incentive e�ects to dilute initial bondholders and
alter equilibrium prices. Nevertheless, one can show that even though a government may bene�t
from self-imposed debt limits, a debt limit of 0 is too much, and would never be optimal from its
perspective:

Lemma 2. In any Markov equilibrium, and for any maturity δ , V (0, s) ≥ VA(s) for all s ∈ S .

Proof. In the appendix. �

�e lemma establishes that a government will never choose to shut itself out of sovereign debt
markets completely.

4 �e Welfare Gains and Losses of Financial Market Access

We now assess the potential welfare gains and losses due to �nancial market access. We do this
under a sequence of calibrations popular in the quantitative literature.

We de�ne the autarky welfare (starting from zero debt) for the representative household as
the solution to the following functional equation:

W A(s) = u(y(s)) + βH
∑
s ′ |s

π (s′|s)W A(s′).

As before, the disagreement arises when βG 6= βH = e−ρH .
Given an equilibrium policy function B and associated equilibrium prices, we can compute

10An alternative reference would be to allow the government to save but not borrow. Doing this in principle will
raise the value of �nancial constraints from the perspective of the households, biasing our current results against
�nding welfare gains from �nancial market access.

11See Aguiar, Amador, Hopenhayn and Werning (Forthcoming) for a discussion of maturity choice under lack of
commitment.
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the welfare of the representative household:

W (b, s) = u
(
y(s) − b + q(B(b, s), s)(B(b, s) − δb)

)
+ (4)

βH
∑
s ′ |s

π (s′|s)
[
1(V (B(b,s),s ′)≥V (s ′))W (B(b, s), s′) + 1(V (B(b,s),s ′)<V (s ′))W (s′)

]
(5)

W (s) = u(yD(s)) + βH
∑
s ′ |s

π (s′|s)
(
θW (0, s′) + (1 − θ )W (s′)

)
(6)

where V ,V ,q,B represents the components of a Markov equilibrium of the economy when the
government has access to sovereign debt markets.

Just as we did before, we can then compute the welfare gains, λ, of having �nancial market
access. With CRRA utility, we have:

1 + λ =

e{(1−βH )(Es [W (0,s)]−Es [W A(s)])} ; if σ = 1[
Es [W (0,s)]
Es [W A(s)]

] 1
1−σ ; if σ 6= 1

where the expectation operator is taken over the ergodic distribution of the Markov process s .12

4.1 A Welfare Decomposition

In this section, we describe the decomposition that we use to analyze the welfare losses across
di�erent calibrations.

For a given equilibrium, we let ht denote a history of exogenous states and exclusion up to
(and including) time t starting from an initial debt equal to zero. In particular, a history is given by
ht = {(s0,d0), (s1,d1), . . . , (st ,dt )}, where st represents the exogenous state in period t , and dt is an
indicator variable that takes value of 1 if the country is excluded from �nancial markets in period
t , and 0, otherwise. In an abuse of notation, we let π (ht |h0) denote the probability that history ht

is realized starting from state h0. Because default, and as result exclusion, is endogenous, π (ht |h0)
is equilibrium dependent. A �rst result is that in any Markov equilibrium, the consumption level
at time t can be wri�en as function of ht :

Lemma 3. Consider a Markov equilibrium, V ,V ,q,B. Starting from a state s0, the consumption
realization at time t is such that ct = C(ht ) for a function C where ht is the history of exogenous
states and exclusion and h0 = (s0,d0) with d0 = 0.

Proof. Suppose that at time t , the country is excluded. In this case, consumption equalsyD , which
is just a function of the current exogenous state, st . And thus, for those histories, the result of the
lemma follows.

12In principle, we can take the expectation over any initial distribution.
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Suppose that at time t , the country is not excluded. Let t̂ (t ) denote the time before t where the
country was last excluded. We let t̂ (t ) = −1 if the country has never been excluded before. From
period t̂ (t ) to t the country has not defaulted, and it start the equilibrium with zero debt in period
t̂ (t ) + 1. Using that the equilibrium debt policy B is a function of the previous level of debt and
the exogenous state, we can iterate from t̂ (t ) + 1 starting with zero debt, and obtain that the level
of consumption at t is just a function of the evolution of the exogenous state since t̂ (t ) + 1. �

Note that in the above proposition, the functionC is equilibrium dependent. Given this result,
we can compute the welfare in any equilibrium by using the function C and the evolution of the
history:

W (0) =
∑
s0

π∞(s0)
∞∑
t=0

∑
ht

π (ht |h0 = (s0, 0))βtHu(C(ht )),

with h0 = (s0, 0); and where π∞(s0) equals the ergodic distribution over the initial exogenous state
s0.13

Using the consumption function C , we can compute the following consumption paths:

cND(ht ) = (1 − dt )C(ht ) + dty(st ),

c̄ND(t ) =
∑
h0

π∞(s0)
∑
ht

π (ht |h0 = (s0, 0))cND(ht ),

where (st ,dt ) represents the last realization in the history ht .
We complement the above de�nitions with

c̄A(t ) =
∑
s0

π∞(s0)
∑
ht

π (ht |h0 = (s0, 0))y(st )

=
∑
s0

π∞(s0)
∑
st
π (st |s0)y(st ) = y∞,

where y∞ is the ergodic mean of the output process. We can de�ne the following objects:

W ND(0) =
∑
s0

π∞(s0)
∞∑
t=0

∑
ht

π (ht |h0 = (s0, 0))βtHu(cND(ht ))

W
ND(0) =

∞∑
t=0

βtHu(cND(t ))

Let us brie�y discuss what each of these value functions mean. W ND(0) computes the welfare
13Note that we start the history from no-exclusion in the initial period. �e reason is that a government never

defaults with zero debt.

14



associated with an equilibrium where the default cost has been eliminated. In states where the
country is excluded, the consumption process has been adjusted to equal the associated output
y(st ) without the default costs.W ND(0) calculates the welfare associated with the mean consump-
tion path without default. �is value function thus eliminates the variability of the consumption
path (exclusive of the default costs).

We can then decomposed the welfare gains λ into three di�erent factors, λD , λV and λT (here
done for σ 6= 1):

(1 + λ) =
[
W0

W A

] 1
1−σ

=
[

W0

W ND(0)

] 1
1−σ

︸           ︷︷           ︸
1+λD

×

[
W ND(0)

W
ND(0)

×
W

A

W A

] 1
1−σ

︸                    ︷︷                    ︸
1+λV

×

[
W

ND

W
A

] 1
1−σ

︸       ︷︷       ︸
1+λT

= (1 + λD) × (1 + λV ) × (1 + λT )

�e �rst factor λD captures the role of default costs and computes the percentage increase in
consumption necessary to compensate the households for the reduction in output due to default.
Once we have removed the default costs, λV captures the additional role of the variability of
consumption in the welfare comparison between the allocation with market access and autarky.
Finally, given that bond prices are actuarially fair,

∞∑
t=0

R−t (cND
t − y∞) = 0

As a result, the last term λT captures the welfare e�ects generated by the tilting of consumption
away from the average constant endowment.

In terms of comparison with our simple model, λT and λ̂ are both capturing the welfare role
of the tilting of expenditures. �e values of λD and λV are the additional terms that uncertainty
generates. �ey arise because of the potential emergence of default costs in equilibrium, and
variability of expenditures around mean output.

We now use this decomposition to understand the welfare losses from market access in several
models.

4.2 Welfare Losses Across Di�erent Models

In what follows, we will narrow a�ention to three di�erent calibrations of the Eaton and Gersovitz
(1981) model. All the simulations are done with a period equal to a quarter. To keep the results
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Table 1: Parameter Speci�cations Used (�arterly Values)

Parameter AG Arellano CE
δ 1.000 1.000 0.9500
βG 0.800 0.953 0.9540
θ 0.100 0.282 0.0385
r 0.010 0.017 0.0100
ỹD(s) 0.98ỹ(s) min{0.969Eỹ(s), ỹs)} ỹ(s) −max{−0.188ỹ(s) + 0.246ỹ(s)2, 0}

Note: �e value of ỹ(s) and ỹD (s) refer to the permanent component of the output process. See
footnote 14 for an explanation.

of each of these calibrations consistent, we will set certain parameters the same across them. In
particular, in all of the simulations below, the utility parameter σ is set to a value of 2 (which
corresponds to the value used in each of the papers we focus on). �e income process in all of the
exercises is set to one that approximates the quarterly income process for Argentina.14 However,
we adjust the maturity parameter δ ; re-entry parameter θ ; the default cost process, {yD(s)}; the
discount factor of the government, βG ; and the risk-free real interest rate, R, across the alternative
simulations. �e parameter values used are described in Table 1. Some key moments from the
simulations are shown in 2.

�e �rst two calibrations consider an environment with one-period bonds, so δ = 1 in each
of them. Critically, the default cost process and the government discount factor are di�erent in
both of them.

4.3 Losses in Aguiar and Gopinath (2006)’s Calibration

We start with the transitory-shock version of Aguiar and Gopinath (2006), henceforth AG, which
is the closest to the original EG framework. �e primary di�erence is that AG introduce a linear
cost of default, which is necessary to support non-trivial amounts of debt in equilibrium.

Following AG, we set the international risk-free (quarterly) gross interest rate to R = 1.01 and
the (quarterly) re-entry parameter to θ = 0.10. �e (quarterly) discount factor of the government
equals βG = 0.8, which generates an annual discount rate of ρG = 0.89. �e endowment process
under default is reduced in each state by 2%, that is, yD(s) = 0.98y(s).

14Our speci�cation of the income process is the same as the speci�cation in Cha�erjee and Eyigungor (2012),
including both a persistent component and a transitory component. In all the simulations we perform, we similarly
set the transitory endowment component to its lowest value in a period where a default occurs. �e transitory
component is small and needed to facilitate the convergence of the numerical computations in the long term bond
case. Its presence is not necessary for the one-period bond calculations (and its e�ects there are not signi�cant). We
refer the reader to Cha�erjee and Eyigungor (2012) for more details.
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Table 2: Model Statistics (Annualized Values)

Statistic AG Arellano CE
Ergodic Default Frequency 0.30% 2.86% 5.62%
Ergodic Default Mass 0.74% 2.49% 27.02%
Mean Ergodic Debt/GDP 6.02% 0.97% 19.78%
Limiting Mean Debt/GDP on Paths w/o Default 6.02% 1.10% 22.11%
Conditional Mean Default Cost/Persistent GDP 2.00% 0.50% 4.73%
Unconditional Mean Default Cost/Persistent GDP 0.01% 0.01% 1.27%

Note: �e debt to output ratio in CE is computed following the transformation described in
footnote 18 and the de�nition in equation (7). �e ”Limiting Mean Debt/GDP on Paths With-
out Default” is the mean debt to output ratio that the economy converges to conditional on
equilibrium paths where default does not occur, starting from zero debt and from the ergodic
endowment distribution. �e mean default costs are computed conditional on being in default
(the row labelled “Conditional Mean Default Cost/Persistent GDP) and unconditional on default
status. �e la�er is the former multiplied by the fraction of periods spent in default (the row
labelled “Ergodic Default Mass”).

With these parameter values, we solve for the Markov Equilibrium numerically. �e model’s
debt to (annual) output ratio converges (conditional on no default) to an average level of 0.06, a
number very closed to the 0.0625 obtained in Aguiar and Gopinath (2006).15

Given the simulation results, we compute the counterpart to Figure 2, which is presented
in Figure 3. �e �gure shows the consumption equivalent gains of a household with an annual
discount rate ρH of giving market access to the government. �is is shown in the solid dark
line. �e solid light line in the �gure is the prediction from the deterministic model using the
formula (3), where we used annualized parameters corresponding to the ones in the calibration.
Accordingly, we set r = 4 log(R) = 0.04, ρG = −4 log(βG) = 0.89, and b/y = 0.06.

A surprising �nding is how well our previous back-of-the-envelope exercise is able to very
accurately capture the welfare losses from market access in this calibration without uncertainty
or the possibility of default. Both lines in Figure 3 are right on top of each other.

�is calibration con�rms the general message of the back of the envelope exercise: For a large
range of discount factors for the households, the households are be�er-o� under a regime where
the government has access to international �nancial markets, even when the inter-temporal dis-
agreement between the household and its government is large. As can be seen from Figure 3, it is
only when the household discount rate approaches the international discount rate that �nancial
autarky becomes an a�ractive choice. And even for values close the the market discount rate

15We compare our results to Aguiar and Gopinath (2006)’s transitory shocks model (Model I). �ey obtained a
0.25 (quarterly) debt to output ratio. �e only di�erence between our numerical exercise and their transitory shocks
model is the speci�cation of output process.
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Figure 3: �e x-axis is the annualized household discount rate. �e y-axis represents the welfare
gains in percentage points of consumption. �e solid dark line is the results from the Aguiar and
Gopinath (2006) calibration. �e solid light line is the result from using formula (3). �e vertical
line corresponds to the (annualized) international interest rate.

(but higher), the losses generate by �nancial market access are quite small – achieving its highest
value of 0.053% of consumption for ρH = r .

Figure 4 shows the welfare decomposition, and displays the λT , λV and λD components. �e
�gures shows that the variation in the welfare gains is fully accounted by the λT term, and the
λV and λD components are practically zero. �is is the result of this calibration missing on one
particular key dimension: the default probability is small (on the order of a 0.3 % annual rate of
transiting from a good credit standing to the default state). As stressed in the original AG paper,
defaults in this calibration are rare events. As we explore in the next subsections, the presence
of uncertainty coupled with a signi�cant risk of default in equilibrium can signi�cantly alter the
balance between market access and �nancial autarky, tilting towards the second.

4.4 Losses in Arellano (2008)’s Calibration

�e Arellano (2008) builds on the same EG platform as AG, but has a richer model of default.
Arellano’s major departure from EG and AG is the introduction of a non-linear state-dependent
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Figure 4: �e x-axis is the annualized household discount rate. �e y-axis represents the welfare
gains in percentage points of consumption. �e vertical line corresponds to the (annualized)
international interest rate.

default cost. In particular, let

yD(s) = min{y(s), ŷ}

�e asymmetry in this default cost turns out to have signi�cant quantitative implications. �e
asymmetry implies that for low endowment realizations, that is, fory(s) < ŷ, defaulting generates
no immediate additional drop in output. �e only deadweight costs arise from the lack of access
to borrowing and saving (which are quantitatively small, as demonstrated by a simple calculation
in AG), and the possibility of a future output costs if the endowment transits to a higher level in
the future prior to re-entry (which is also mitigated by the persistence in the endowment process).

For y(s) > ŷ, the output costs equal y(s) − ŷ. Hence, default in high-endowment states is
punished much more harshly. As discussed in Arellano (2008), this speci�cation of default costs
allows the model to generate a high default probability in equilibrium.

�e introduction of this �exible default speci�cation reduces the government discount rate
needed to match the data. We set the (quarterly) discount factor to βG = 0.953, the value obtained
in Arellano (2008). Similarly to that paper, we set the risk-free (quarterly) interest rate to R =
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1.017, the re-entry probability to θ = 0.282 (quarterly) and let critical income cuto� be given by
ŷ = 0.969Ey(s), where Ey(s) represents the ergodic mean of the output process.
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Welfare Gains from Financial Market Access
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Figure 5: �e x-axis is the annualized household discount rate. �e y-axis represents the welfare
gains in percentage points of consumption. �e two vertical lines corresponds to the (annualized)
international interest rate and the government discount rate.

Figure 5 presents the computation of the welfare gains, λ, as a function of the household
discount rate for this calibration. As before, the dark line is the calibration results; while the light
line represents the gains obtained directly from (3). For the la�er, we set r = 4 log(R) = 0.067,
ρG = −4 log(βG) = 0.193, and b/y = 0.011, the equivalent annualized parameter values. Again,
similarly to the results in the previous model, our back of the envelope calculation does a good
job at capturing the order of magnitude of losses generated by �nancial market access.

Interestingly, and di�erent from the previous calibration, the balance has tilted towards �-
nancial autarky. As show in Figure 5, for annual discount rates below 0.13, the household would
strictly prefer that the government has no access to international �nancial markets. Given that a
13% annual discount rate is above the discount rate usually assumed for households in economic
models, Figure 5 makes a stronger case for eliminating access to external borrowing than the
previous calibration.

�is calibration generates a more substantial default risk in equilibrium. In the ergodic dis-
tribution, the probability of switching from a good credit standing to a default state is around an
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annual rate of 2.8%, a much higher number than in the previous one. Part of the reason this oc-
curs has to do with the �exible default cost function, which allows for default to occur at a much
lower cost in certain endowment states. We no use our decomposition to analyze whether the
presence of default risk is the key element explaining the disagreement with respect to market
access.
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Figure 6: �e x-axis is the annualized household discount rate. �e y-axis represents the welfare
gains in percentage points of consumption. �e two vertical lines corresponds to the (annualized)
international interest rate and the government discount rate.

Figure 6 plots the decomposition of the wefare gains for di�erent levels of the household dis-
count factor. As can be seen, λT is close to λ̂ — out simple benchmark exercise captures quite
well the welfare e�ects generated by the tilting of the consumption pro�le away from the autar-
kic endowment. Interestingly, the �gure shows that the default costs are not important for the
household’s welfare computation, the λD term remains close to zero. Default, in this environment,
is occurring mostly in states where default is not too costly.

Most of the di�erence between the prediction of our back of the envelope exercise and the
calibration arises from the increase in the variability of consumption, the λV term. �at is, it is
the desire to eliminate the additional variability of consumption generated by market access that
make households prefer shu�ing down debt market access. As emphasized in Arellano (2008),
sovereign debt induces the government to follow a pro-cyclical spending pa�ern – increasing
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expending in high endowment states (when default costs are high, and interest rates low) while
decreasing expending in low endowment states (when default costs are low, and interest rates
high and sensitive to debt levels).

Finally, although Figure 5 strengthens the case against external borrowing, the welfare mag-
nitudes involved remain small. �e welfare losses from �nancial market access at ρG = r equal
0.054% of consumption (this is the highest possible number for discount rates weakly above the
interest rate). �e di�erence in the variability of consumption is not large enough to gener-
ate large welfare e�ects.16 In addition, this calibration does not generate signi�cant amounts of
sovereign lending, and, as our simple exercise suggests, the implied welfare e�ects from tilting
should be small.

In order to deal with the short-comings of one-period bond models, the literature has incor-
porated long-duration bonds into the environment. �e presence of long-term debt allows the
model to match a higher external debt to output ratio (closer to those observed in emerging mar-
kets). �ey also introduce an additional ine�ciency due to debt dilution. As we will show next,
these forces signi�cantly strengthen the case against external government borrowing.

4.5 Long Duration Bonds

Hatchondo and Martinez (2009) and Cha�erjee and Eyigungor (2012), henceforth CE, were the
�rst to extend the quantitative EG model to an environment with long-term bonds. We follow the
parameter values used in Cha�erjee and Eyigungor (2012). �e (quarterly) value of the maturity
parameter is set to δ = 0.95, which generates an average bond maturity of 5 years. �e (quarterly)
real interest rate is set toR = 1.01. �e re-entry parameter is set to a (quarterly) value ofθ = 0.0385
(which generates a longer exclusion period than the previous two exercises). Following Arellano
(2008), CE use a non-linear cost of default; speci�cally, the output process during exclusion is
given by the following speci�cation:

yD(s) = y(s) −max{0,d0ỹ(s) + d1ỹ(s)2}

where ỹ(s) refers to the persistent component of the output process, and where d0 = −0.18819
and d1 = 0.24558.17

�e (quarterly) discount factor of the government is β = 0.954, implying an annual govern-
ment discount rate of ρG = 0.188. To calculate the debt to output ratio to be used in our back of

16�is last is related to the cost of business cycles. See Lucas (1987).
17In Cha�erjee and Eyigungor (2012), the output process is the sum of two components: y(s) = ỹ(s) +m(s), where

ỹ(s) follows a persistent Markov chain, and m(s) is an i.i.d. process. In the period where default is triggered, the
transitory component is set to its lowest level in the support, while it reverts back to its normal stochastic process
in subsequent periods. See the related discussion in footnote 14.
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the envelope exercise, consider the following. Suppose that the bond was risk free, in this case,
its price would be q? ≡ 1

1+r−δ . Now, let us calculate the budgetary cost of rolling-over the debt
forever. �at is se�ing b′ = b, from the budget constraint we get that

c − y(s) = −b + q?(b′ − δb) = −b + q?(1 − δ )b

= r
b

1 + r − δ

�us, servicing an amount b of long duration bonds is equivalent to servicing an amount b/(1 +
r − δ ) of one period bonds (under risk-free pricing). We thus use

debt
y
≡

b/y

1 + r − δ
(7)

as our equivalent debt to output ratio in our back of the envelope exercise. Conditional on no
default, this value converges in the simulation to an annual debt to output ratio of 0.221.18

As shown in Table 2, this calibration of the model delivers a higher debt to output ratio, and
also a higher probability of default. In this calibration, the annual probability of default is 5.7%.

Figure 7 shows the corresponding values of λ for this calibration. First, the welfare gains from
denying access are now an order of magnitude larger. Part of the reason is that the debt to output
ratio that this model generates is also larger than the previous ones. And second, disagreement
about �nancial market access arises for a large range of discount rates for the households. Di�er-
ent from the prediction of the back of the envelope exercise, households with an annual discount
rate less than 0.10 would strictly prefer that their government have no access to �nancial markets.
�e welfare losses now reach 1.1% of consumption when the household discount rate equals the
market interest rate.

To understand why the welfare magnitudes and the range of disagreement is larger in this
calibration, we perform the same decomposition as before. As a �rst step, we compared the vari-
ability term λV in this simulation with the one in the Arellano (08)’s calibration. �is comparison
in shown in Figure 8. As can be seen, these terms are similar to each other in magnitude. But there

18 Cha�erjee and Eyigungor (2012) use a di�erent speci�cation for the long-term bond. �ey assume that a given
bond matures with an idiosyncratic probability λ, in which case it pays a unit to its holder. If the bond does not
mature, it pays a coupon z. �e budget constraint (using hats to represent these alternative bonds) is now

c = y(s) − (λ + (1 − λ)z)b̂ − q̂(s,b ′)(b̂ ′ − (1 − λ)b̂)

and the pricing equation

q̂ = E
[
1(No default)

λ + (1 − λ)(z + q̂′)
R

]
�is is equivalent to our formulation with the following change in variables: q = q̂/(λ + (1 − λ)z), b = (λ + (1 − λ)z)b̂,
δ = 1 − λ.
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Figure 7: �e x-axis is the annualized household discount rate. �e y-axis represents the welfare
gains in percentage points of consumption. �e two vertical lines corresponds to the (annualized)
international interest rate and the government discount rate.

is an important di�erence. �e variability term was the main driver of the disagreement with re-
spect to market access in the Arellano (08) calibration. Even though this term is slight larger
(in absolute value) in the CE calibration, it is almost insigni�cant for the welfare analysis. �e
reason is that both the welfare e�ects from the tilting of expenditures (λT ) and the welfare e�ects
generated by the equilibrium default costs (λD) are of a larger magnitude. �is full decomposition
for the CE model is shown in Figure 9.

As preempted above, the variability term is not important (λV is close to zero as compared
to the other terms). �e tilting of the consumption allocation away from the its autarkic value
generates no disagreement with respect to market access. �is is the same as in our baseline
exercise and in the other two calibrations. �at is, without default costs (just focusing in λT +
λV ), slightly impatient households strictly prefer their impatient government to have access to
international �nancial markets. Even when they would prefer the opposite, the losses are an order
of magnitude smaller than those found when the default costs are taken into account (λD). �us,
the disagreement between the households and the government with regards to market access is
accounted for in this model by default costs – the households would like to stop the government
from borrowing so as to eliminate future default events.
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Figure 8: �e x-axis is the annualized household discount rate. �e y-axis represents the welfare
gains in percentage points of consumption. �e two vertical lines corresponds to the (annualized)
international interest rate and the government discount rate.

�e intuition is as follows. In sovereign debt models, the government borrows from interna-
tional creditors because it is impatient. �is behavior generates a front-loading of expenditures
and a potential increase in variability of consumption. Both of these e�ects are quantitatively
small. However, by borrowing, the government also exposes the country to future default events.
�ese default episodes are costly and signi�cant enough in terms of welfare for the households
to prefer no market access for a wide range of discount factors.

As a �nal exercise, we now replicate Figure 1 in the context of the CE calibration. �at is,
keeping all other parameters constant, we compute, for di�erent values of the government dis-
count rate ρG , the household discount rate. ρH , that will make the household indi�erent between
market access or not. Recall from Figure 1 that the back of the envelope calibration suggested
that such household discount rate would barely change and would remain close to the market
interest rate. For the CE calibration, the results are quite di�erent.

Figure 10 replicates the indi�erence calculation in Figure 1 performed this time with the
CE calibration. As can be seen, the indi�erence line is much steeper than before. �ere is a
wider range of household discounts factors that disagree with the government access to external
sovereign debt markets. Even more, such disagreement quantitatively increases as the govern-
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Figure 9: �e x-axis is the annualized household discount rate. �e y-axis represents the welfare
gains in percentage points of consumption. �e two vertical lines corresponds to the (annualized)
international interest rate and the government discount rate.

ment becomes more impatience (that is, as its discount rate increases).19

5 Conclusion

In this paper we have gathered some lessons from the quantitative sovereign debt literature re-
garding the costs of external sovereign borrowing. We have provided a simple back of the en-
velope exercise as well as a general decomposition of the welfare e�ects that arise in sovereign
debt models.

Our back of the envelope exercise turns out to be a very good predictor of the welfare gains
from having access to �nancial markets in the model of Section 4.3, where the default proba-
bility is small. We showed that the inter-temporal distortion in spending is not quantitatively
large enough to generate a signi�cant level of disagreement between the households and the
government regarding access to external borrowing in this case. And, in addition, the welfare
magnitudes involved are not large, a fact generated by the low amount of external debt involved.

19It is important to note however, that this indi�erence line does not fully corresponds to that of Figure 1. In that
�gure, the debt to output ratio was kept constant. In Figure 10, as we change the government discount factor, the
debt to output ratio in equilibrium changes.
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Figure 10: �e solid line represents the (annualized) household discount rate (y-axis) that keeps
a household indi�erent between market access or not, for di�erent (annualized) government dis-
count rates (x-axis). �e rest of the parameters are as in the CE calibration.

�e introduction of a signi�cant level of default risk ma�ers for this result. In Section 4.4,
when default risk is high, but the default costs generated in equilibrium are low, the additional
variability of consumption that access to external markets generates is su�cient to drive a dis-
agreement between households and its government with regards to market access. However,
the welfare magnitudes involved remain small, as the amount of debt is not large, and default,
although it occurs in equilibrium, it generates small deadweight losses.

However, using the latest cohort of sovereign debt models, which include long-term bonds
as well as a more �exible speci�cation of the output costs, we �nd that the level of disagreement
is large. Relatively impatient households living in this model will prefer a situation where their
government cannot access external sovereign markets. �e magnitudes of the welfare gains that
such a market shutdown would generate are signi�cant. We showed that this result is driven by
the exposure to costly future defaults that the government generates from its excess borrowing.

Our conclusion is that the market structure of the debt (whether it is long or short maturity),
as well as the shape of the default costs, are critical to evaluate the bene�ts of sovereign debt
market access. We can observe very well the �rst one. But there is greater uncertainty regarding
the second, as the costs of default are usually inferred from other calibration targets. But the

27



existence of default costs, that occur in equilibrium, can signi�cantly strengthen the case against
access to external sovereign debt markets.

A Proof of Lemma 1

�e functional form describe in equation (3) arises from the solutions to the welfare functions
obtained in the text. To see that this expression is strictly increasing in ρG , consider the case
where ρ 6= 1.

First note that b > 0 and ρG > r implies that T > 0.
Let κ ≡ (ρG −r )1−σ

σ 6= 0. Note that ρG > r implies that κ inherits the sign of 1−σ , given σ > 0.
Whether λ increases with ρH then depends on whether

ρHe
κT + e−T ρHκ

κ + ρH

strictly increases when 0 < σ < 1 (κ > 0) and decreases when σ > 1 (κ < 0).
�e derivative with respect to ρH is

−κ
e−T ρH (1 − eT (κ+ρH ) +T (κ + ρH ))

(κ + ρH )2

Note that this derivative is continuous for all ρH > 0, equating κ 1
2e

TκT 2 at ρH = −κ. Hence the
derivative at ρH = −κ is non-zero (as T > 0) and inherits the sign of κ.

It su�ces to check that
1 − eT (κ+ρH ) +T (κ + ρH ) < 0

for the rest of the domain, ρH 6= −κ. But this follows as the above is a strictly concave function
of ρH (given T > 0), with a maximum of 0 at ρH = −κ.

�e proof for the case of σ = 1 is simpler, and le� to the reader.

B Proof of Lemma 2

From the value function of government, starting from any s where b = 0, it follows that it is
feasible to set b′ = 0 (independently of the price). In that case, such a strategy provides a lower

28



bound to the value, and thus:

V (0, s) ≥ u(y(s)) + βG
∑
s ′ |s

π (s′|s) max{V (0, s′),V (s′)}

≥ u(yD(s)) + βG
∑
s ′ |s

π (s′|s)(θ {V (0, s′) + (1 − θ )V (s′)) = V (s)

where the second inequality follows from yD(s) ≤ y(s). �us V (0, s) ≥ V (s), and

V (0, s) ≥ u(y(s)) + βG
∑
s ′ |s

π (s′|s)V (0, s′)

Solving this recursion yields that
V (0, s) ≥ VA(s).
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