Sovereign Debt and Economic Growth when

Government is Myopic and Self-interested’

Viral V. Acharya® Raghuram G. Rajan® Jack B. Shim"

August 2, 2023

Abstract
We examine how a sovereign’s ability to borrow abroad affects the country’s growth
and steady state consumption, assuming that the government is both myopic and
self-interested. Surprisingly, government myopia can increase a country’s access
to external borrowing. In turn, access to borrowing can extend the government’s
effective horizon as the government’s ability to borrow hinges on it convincing cred-
itors they will be repaid, which gives it a stake in incentivizing private production
and savings despite its self-interest. In a high-saving country, the lengthening of the
government’s effective horizon can incentivize it to tax less, resulting in a “growth
boost", with higher steady-state household consumption than if it could not borrow.
However, in a country that saves little, the government may engage in more repres-
sive policies to enhance its debt capacity and spending. This could lead to a “growth
trap” where household steady-state consumption is lower than if the government
had no access to external borrowing. We discuss the effectiveness of alternative
debt policies, including declaring the sovereign’s debt “odious”, debt relief, and

debt ceilings.
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1 Introduction

Is the ability to borrow in international markets good for a country, especially a developing
one? Many theories of international borrowing emphasize the better risk-sharing a country
can achieve. In case of an economic or natural calamity, it can borrow to smooth consumption.
It can also draw on international savings to finance domestic growth (see, for example, Kletzer
and Wright [2000]). Yet it is hard empirically to see a positive correlation between a develop-
ing country’s use of foreign financing and good outcomes such as stronger economic growth
(see Aizenman, Pinto and Radziwill [2004], Prasad et al. [2006], and Gourinchas and Jeanne
[2013]). What might explain the divergence between theory and evidence?

One limitation with many existing models is that they tend to assume that the government
of the country in question maximizes the utility of its citizenry over the long run. Yet an im-
portant reality in many developing countries is that their governments often are myopic (have
short horizons) and are self-interested (spend wastefully in ways that do not benefit citizens).
Whether poverty adversely affects governance, or whether poor governance entrenches poverty
is unclear.

A second limitation is related to the first. Once the government is assumed to maximize the
welfare of its citizenry, often the best thing it can do is to default on its foreign debt (see, for
example, Bulow and Rogoff [1989a], Bulow and Rogoff [1989b], and Tomz [2012]). To explain
the existence of sovereign debt, researchers then have to appeal to a variety of mechanisms
that enforce sovereign repayment such as a government’s concern for its reputation or the
possibility of punishment strategies by creditors. While theoretically interesting, there is little
empirical evidence for these mechanisms (in particular, see Eichengreen [1987], Ozler [1993],
Flandreau and Zumer [2004], Sandleris et al. [2004], Arellano [2008], Panizza, Sturzenegger
and Zettelmeyer [2009] ).

We examine the desirability of sovereign debt in a model that addresses these limitations.
We consider a country with a representative household each period — the household is a compos-
ite of households and the productive private sector, and we will use these terms interchangeably.
The other agents in the model are the government and international investors.

The household has an initial endowment (smaller if a developing country) that it can either
consume, save by buying government bonds, or invest in private enterprise. It maximizes the
sum of its consumption this period and the discounted endowment left behind for the next
generation, a proxy for the future stream of its descendants’ consumption.

The country’s government rules only for one period, and thus has a short horizon. It is

assumed to spend in ways that do not enhance citizen welfare.! The government maximizes

!These include, for instance, wasteful populist spending (such as election propaganda), white elephant



the resources it can raise for spending, which consist of the sum of the taxes it levies on private
sector real output and the amount it can raise through debt issuance (net of repayment of past
debt). Importantly, the government does not tax household savings in government debt, taxing
only easily-identifiable real private investment.

Government debt is short-term and issued to both domestic households and foreign in-
vestors.” Successor governments inherit the obligation to repay sovereign debt, though they
can default. If the government defaults on past debt, it pays the default cost (we elaborate
shortly) and cannot issue new debt for the rest of the period. International lenders do not care
about the quality of government spending, but will lend only if they expect to get their money
back with interest. Therefore, given the model has no uncertainty, there will be no over-lending
and no default in equilibrium. This allows us to highlight the central tradeoffs.

Following a recent set of papers, we assume the government cannot default selectively on
foreign debt holders. This would be true if it issued bearer bonds or if foreign debt holders
could sell out to domestic holders as default became more likely. 3

We assume the default costs rise in the size of sovereign bonds held by domestic households,
due for example to the political price the government pays for hurting influential citizens. So
the government does not default on sovereign debt for two reasons. First, it will incur the
default cost immediately. Second, it has a short horizon, so it does not trade off the cost of
default against the present value of the outstanding debt, but instead only against the net debt
repayments it has to make in its period in power. This implies that a sizeable amount of debt
stock can be supported with modest costs of default.

Our central focus is on how access to sovereign borrowing, and foreign borrowing in par-
ticular, affects the government’s tax policy and thus steady state outcomes. If it cannot borrow
(what we term “debt autarky”), the myopic government will set the tax rate on private output
at the level that trades off the disincentivizing effect of a higher tax rate on private invest-
ment against its direct positive impact on government revenues (the "Laffer curve" maximizing
level). However, the myopic government’s access to borrowing alters the tax it wants to impose
on the household sector today, for the tax alters how much it can borrow today. First, a higher
tax pushes more of the household’s current endowment into financial savings (which are not
taxed). This raises the default costs on government borrowing, raises the amount the govern-

ment can credibly repay, and hence its ability to borrow. However, a higher tax rate today

projects (such as presidential palaces or gigantic power plants that are not economic to run), or plain theft (luxury
flats in Miami or London or Cayman Island bank accounts).

2All our results are robust to allowing for longer-maturity debt.

3See Broner, Martin and Ventura [2010], Bolton and Jeanne [2011], Acharya and Rajan [2013], Gennaioli,
Martin and Rossi [2014], Acharya, Drechsler and Schnabl [2014], Broner and Ventura [2016], Andrade and
Chhaochharia [2018], and Farhi and Tirole [2018], for modeling and applications of this assumption.
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can also lower the private sector’s endowment next period, lowering successor governments’
resources to repay debt. This hurts the current government’s ability to borrow.

The ability to borrow therefore gives even a myopic government a stake in the country’s fu-
ture, beyond the horizon it is in power. Furthermore, depending on parameters and the relative
size of the effects just described, access to government borrowing can worsen or improve steady
state outcomes — even for a myopic, self-interested government, access to foreign borrowing is
not an unmitigated blessing or curse, it depends.

More specifically, for a country with a high propensity to save among domestic households,
access to foreign borrowing can effectively increase the government’s horizon and reduce its
oppressive taxation. Intuitively, the government’s debt capacity is not increased by raising taxes
and forcing more savings into its domestic bonds, but instead it is increased by reducing taxes
and increasing the ability and willingness of future governments to repay. The lower taxation
induced by access to borrowing enhances steady-state consumption relative to debt autarky;,
i.e., there is a “growth boost".

Conversely, for a poor country with low starting endowment and a low propensity to save
among the citizenry, the government may set higher-than-autarky tax rates. This could push
the country into a lower consumption “growth trap", precisely because each myopic govern-
ment represses in order to enhance its debt issuance, in the process leaving the next period
government also with a low-endowment economy that is heavily indebted so that the repres-
sion gets entrenched ad infinitum. For the citizens of such countries, the government’s access
to borrowing is truly odious. A high enough initial endowment, however, mitigates govern-
ment repression, allowing the country to escape the trap. Interestingly, while governments in
our model are all myopic and self-interested, poor country governments are intrinsically more
repressive because their circumstances incentivize them to be so.

We also examine outcomes when a government only has access to domestic debt and com-
pare them to ones when it has access to foreign borrowing also. Growth traps can emerge in
both situations but over a wider parameter range when it has no access to foreign debt, and
growth boosts appear only with access to foreign debt.

The existing literature has sometimes assumed government myopia, but rarely self-interest
also at the same time. Our stark assumptions, though not implausible, are quite distant from the
usual (and equally stark) assumption that the government has a long term and public interest
perspective. Our assumptions do allow sovereign borrowing to be justified with relatively small
default costs. Moreover, the model has interesting implications. For instance, net debt service is
more important in determining defaults than the stock of debt, suggesting more defaults when
global interest rates rise. Also, a moderate restructuring of the time profile of debt payments

may be enough to get a government to be compliant with debt payments, large scale debt write



downs may be unnecessary.

The model helps shed light on other issues. For instance, a number of papers (see Aizenman,
Pinto and Radziwill [2004], Prasad et al. [2006], and Gourinchas and Jeanne [2013]) have
documented a puzzling weak or negative correlation between a developing country’s growth
and its reliance on foreign borrowing. Our model offers a potential explanation for this phe-
nomenon, which is in the spirit of discussion in Aguiar and Amador [2011] and Gourinchas
and Jeanne [2013], that there can be an endogenous selection of which countries rely more
on foreign borrowing, rather than some direct adverse effect of foreign borrowing on country
growth and development.

Separately, a literature on “odious” debt (see Buchheit, Gulati and Thompson [2006], Jay-
achandran and Kremer [2006] and Sander [2009]) takes the view that allowing access to exter-
nal debt gives a self-interested government more resources to waste or steal, with the repayment
eventually extracted by international lenders from the citizens. Therefore, some commentators
advocate declaring debt issued by such governments odious and limiting the enforcement of
such debt in international courts. While we have little to say on brutal governments that hurt
their citizenry or invade neighbors, we do emphasize the possibility that access to borrowing
will affect even the myopic self-interested government’s incentives and behavior, sometimes
favorably. External debt need not be odious even if the government is.

We discuss the effect of policies such as debt relief and debt ceilings on the welfare of the
citizenry. Typically, modest debt relief in our model will do little for a country’s citizens even if it
is in a growth trap. The current government will simply use the expanded space to borrow, and
spend the amounts raised quickly. It will soon be back to pre-relief levels of debt — experience
suggests this was not an idle concern with the debt relief measures undertaken in developing
countries in the late 1990s and early 2000s. In contrast to the ineffectiveness of debt relief
on its own, debt relief can be very effective in enhancing a country’s growth when coupled
with debt ceilings that limit borrowing by the government (either through a constitutional debt
ceiling or informal limits agreed to by all creditors). Of course, for countries where access to
debt boosts growth, binding debt ceilings will hurt country welfare.

Finally, we examine the effects of shocks. Despite the fact that government defaults are
costly by design in our model, we observe that countries in a growth trap can at times benefit
from default caused by unanticipated shocks. Because growth is suppressed by the govern-
ment’s repressive policies intended to boost borrowing, a significant one-period growth spurt
can arise from the economy entering debt autarky post default (see Levy-Yeyati and Panizza
[2011] for empirical evidence on sovereign default and subsequent growth). In some cases,
the spurt can be such that the economy escapes the growth trap.

Our paper builds on Acharya and Rajan [2013], who present a two-period (three-date)



model of sovereign debt with a myopic wasteful government. Their model does not permit
them to examine long-run or steady-state equilbria, nor do they address the choice between
consumption, investment, and savings by the household sector. Our model enables us to ex-
amine dynamics and steady states, wherein lie the key results of our paper; for instance, that
governments can have an incentive to lower taxes to boost growth is specific to our dynamic
analysis. Our paper is also related to Basu [2009], Bolton and Jeanne [2011], and Gennaioli,
Martin and Rossi [2014], who also tie the costs of sovereign default to the amount of debt held
by domestic banks. They examine the trade-offs between more credible sovereign borrowing
(when domestic banks hold more sovereign bonds) against the greater costs when the sovereign
defaults. A version of this trade-off is also in our model, but our fundamental assumption — of
myopic self-interested governments — is different from these papers and our focus is on how
access to sovereign borrowing can alter long-run growth.

On this last point, our paper is related to Aguiar, Amador and Gopinath [2009] and Aguiar
and Amador [2011] who also examine theoretically the relation between (foreign) sovereign
borrowing and long-run growth. Their models vary the extent of government myopia in the
presence of limited commitment and show that sufficiently high myopia can result in an in-
efficient steady-state outcome or in slow convergence to the steady state. Relatedly, Aguiar,
Amador and Fourakis [2020] calibrate a range of related models to quantify the welfare costs of
access to sovereign debt. In contrast, we consider a myopic but wasteful government through-
out, and examine the effect of obtaining access to foreign debt, domestic debt, or being shut
out from borrowing.

The rest of the paper is as follows. In Section 2, we discuss the baseline model and the main
Bellman equation capturing the model dynamics. In Section 3, we present an in-depth analysis
of steady states and explain how a growth trap or growth boost arises, as well as discuss its
policy implications. In Section 4, we consider model robustness and extensions. In Section
5, we analyze the effectiveness of debt ceilings and debt relief. In Section 6, we discuss the
impact of unanticipated shocks to the economy in the steady state and derive further policy

implications. Finally, we offer concluding remarks and possible future extensions in Section 7.

2 Baseline Model

We consider an overlapping generations model with a country and the rest of the world. The
country is a small open economy with two agents, the private sector and the government. Time
is discrete and the horizon is infinite. A period represents the life of the government.

The private sector is a representative household and firm, combining both consumption and

private production. It maximizes the sum of the log of current period consumption c; and the



log of next period endowment e; , ; (which is left for the next generation) times a parameter p,
where p € (0, %) captures the household’s propensity to save/leave bequests, where r > 0 is
the world interest rate. At the beginning of the period i, the household inherits an endowment
e;, consisting of the previous period after-tax household production as well as the gross returns
from financial savings, which it allocates to consumption c;, financial savings s;, and physical
investment k; so as to maximize utility. Physical investment produces f (k;) at the end of the
period, where f’ > 0 and f” < 0.

The government in our model is incumbent for only one period. It is myopic in that its
sole objective is to maximize its spending over the period, and self-interested in that spending
does not directly augment the economy’s endowment or private consumption. The assumption
on myopia is in the spirit of Alesina and Tabellini [1990] that politicians discount the future
at a greater rate than does the citizenry. The self-interested spending could be on itself (high
government salaries or corruption), on grandiose white elephant projects, or on political propa-
ganda.* We could also include populist spending that is visible but does not enhance consumer
utility much (for example, circuses). The government finances the spending by imposing a
tax on the private sector, as well as issuing debt which is sold to both domestic and foreign
investors. The government can tax the production at a rate t; , with proceeds t;f (k;); the net
proceeds for the household from production is therefore (1—t;)f (k;).

The government can borrow by issuing debt which we assume is short-term, i.e., it matures
next period, and pays the required world interest rate of r. Nothing hinges on the short-term
nature of debt as we show by allowing the issuance of long-term debt in section 4.1. Foreign
investors invest in the country’s sovereign debt as well as its private sector’s debt. We assume
the government cannot default selectively on foreign debt holders, which would be true if it
issued bearer bonds or if foreign debt holders could sell out to domestic holders as default
became more likely. All we really need, however, is that a default on external sovereign debt
spills over to domestic debt. This is hardwired in the model by assuming the two forms of
debt are indistinguishable, but there are a variety of other sources of spillover that could be
invoked. For instance, in Sandleris [2010], even public defaults on only foreign-held debt lead

to domestic output losses because they send a negative signal about the state of the economy.”

“#Recently, Scholl [2017] and Chatterjee and Eyigungor [2019] also consider private benefits to myopic gov-
ernments as spending can affect election outcomes. Their models feature uncertainty and political turnover to
derive dynamics leading up to a sovereign debt crisis. In contrast, our model has no uncertainty and therefore
no default in equilibrium. Our focus is on how long-run endowment is affected by access to debt, domestic and
foreign.

SThere is other evidence consistent with such spillovers. Borensztein and Panizza [2009] show that public
defaults are associated with banking crises; Brutti [2011] finds more financially dependent sectors tend to grow
relatively less after sovereign default; De Paoli, Hoggarth and Saporta [2009] show that sovereign default is
associated with substantial output costs for the domestic economy; Arteta and Hale [2008] use firm-level data to
show that syndicated lending by foreign banks to domestic firms declines after default; Agca and Celasun [2012]
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While the household can save abroad, we assume that it has a mild home bias so financial
savings,s;, if positive, are invested in domestic government bonds at the rate r (rather than
internationally) whenever the government borrows. In other words, when the government
borrows internationally, total bonds issued is equal to or greater than the domestic savings.
We focus throughout on this case as we are interested in understanding how a myopic self-
interested government’s access to foreign borrowing affects economic growth relative to no
foreign borrowing. Note also that if s; is negative, the household borrows from abroad.

We also assume the private household’s financial savings into government debt are not taxed
(equivalently, savings in government debt are taxed at a lower rate than household investment
in real assets). This is a key assumption. Consider three justifications. First, fixed hard assets
are easier to tax than fungible financial savings. Since financial savings are more mobile and
also easily converted to concealable assets like gold, the government typically keeps taxes on
financial savings relatively low. Second, we have in mind here both actual taxes as well as
the implicit taxes the government collects through corruption, which usually fall more heavily
on business enterprise. Third and most important, needy governments tend to direct flows
toward themselves through financial repression. For instance, capital controls are deployed
to ensure that domestic savings do not leave the economy, financial institutions like banks
are required to allocate a significant part of their assets to government debt, and tax breaks
are provided to domestic investors for the earnings on government bond holdings, potentially
crowding out the private sector’s access to finance (effectively a tax).® For simplicity, we do
not model any of these effects, assuming they are fully captured by the tax falling only on
real investment. It should be kept in mind, though, that real repression (high taxes on private
sector real investment) and financial repression (guiding financial savings into government
instruments) are two instruments — possibly employed together in practice — for the government
to achieve the same objective at the expense of the private sector.”

If the government defaults, the economy’s infrastructure incurs direct damage — for instance,
banks holding government debt are “run” upon, the payment system freezes, and repo markets
collateralized by government debt are disrupted. To ensure the private sector produces this pe-
riod (and can be taxed) the government has to commit a part of its spending to a mopping-up

DDom

cost of default which we model as C + g , Where C > 0 captures a fixed cost of default,

D9o™ is the face value of government debt held by the domestic residents at the time of de-

also use firm-level data to show the corporate borrowing costs increase after default.
Gennaioli, Martin and Rossi [2018] find that there is a negative and statistically significant correlation be-
tween a bank’s holding of domestic government bonds and its loans-to-assets, especially in developing countries.
7Reinhart, Kirkegaard and Sbrancia [2011], Reinhart [2012], Reinhart and Sbrancia [2015], and Chari, Dovis
and Kehoe [2020] look at financial repression as a way to ease the repayment burden for a country. Roubini and
Sala-i Martin [ 1992] model financial repression as a way to raise “easy” resources for the public budget when tax
evasion by the private sector is high.



fault, and z > 0 is a default cost parameter which measures the domestic financial sector’s use
of sovereign debt in transactions (for example, its value as safe assets in collateralizing transac-
tions or its presence in bank portfolios). Parameter z could also be thought of as a measure of
the financial sector’s sophistication or development.® In addition to incurring the default cost,
the government is excluded post default from debt markets for the rest of its term — this could
be thought of as the time debt is being renegotiated (Panizza, Sturzenegger and Zettelmeyer
[2009] find this to be about 4 years in defaults after 1991, typically the term of an elected
government). The defaulting government thus experiences “debt autarky” with no access to
the sovereign debt market. We assume that investors — both domestic and foreign — are fully
rational and are therefore willing to lend to the government only to the extent that the debt

will be fully repaid in the next period.

* Household:
» Passes down endowment e;,,, composed of:
» Government debt holdings (1 + r)s;
+ After-tax numeraire good (1 — t;)f (k;)
* Pays off the amount borrowed in the intra-period
borrowing market

time i timei+1
I
I I I
* (Newly incumbent) government:
» Decides default or repayment of legacy debt D;_,
* Announces tax rate t; , and collects tax revenues t; from the household

» Repays legacy debt with newly issued debt D; and tax revenues
» Spends the rest in populist measures

* Household:
* Inherits endowment e;, composed of after-tax production from the
previous period and government repayment of legacy debt
» Decides on consumption c;, savings s;, and investment k;
» Engages in intra-period borrowing to pay for taxes 1;

Figure 1: Timeline of the model.

To keep matters simple, we assume the government makes all decisions and takes all actions
at the beginning of the period. The government decides whether to repay past debt and what
tax rate to set. It uses both the proceeds of new debt issued as well as taxation to repay old

debt. Since the household receives taxable income from productive investment only at the end

8Because household savings s can be negative in our model when initial endowment is low but productivity
of capital is high, we need a high enough C to ensure that the default cost itself never becomes negative.
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of the period, we assume it borrows from the international market within the period to pay
taxes in advance (and this borrowing is repaid out of production revenues before the period
ends). We assume only debt held between periods accrues interest. These assumptions save
us from keeping separate track of old sovereign debt paid from tax revenues and old sovereign
debt paid from borrowing. It changes nothing material in the model. The timeline of the model

is shown in Fig. 1.

2.1 Household problem

Start with the household’s problem in period i. The representative household receives an en-
dowment e; from the past generation, and takes the tax rate t; as given. Its problem can be

summarized as the following constrained optimization:

max Inc;+plne; (2.1)
Ci»€i11,kisS;

S.t. Ci+5i+ki Sei, and (2.2)

i1 < (1+71)si+(1—1;)f (ki) (2.3)

Setting A and u as the Lagrangian multipliers for constraints in (2.2) and (2.3), respectively,

the first order conditions (FOC’s) for our four choice variables yields:

1
¢: 0= C—+A; 2.4)
sit 0=A—(14r)u; (2.5)
ki: 0=A—(1—t;)f (k;)u; and (2.6)
eiy1: 0= eil + U. (2.7)

It is easily seen (see Lemma C.1 in the appendix) that FOC’s (2.4) - (2.7) lead to the following

set of decision functions for the households:

ki =f’_1Gj;), (2.8)
ci =wxol(L+71)(ei—k;) + (1—t;)f (k;)], (2.9)
eir1 =x1[(1+r)(e;—k;) + (1—t;)f (k;)], and (2.10)
s; =kKq(e; —k;) —xo(1—1t;)f (k;); where (2.11)
Kg:= L ; and k1 := P
T (1+p)A+r) 147



Remark 2.1. We discuss some properties of the solutions (2.8) - (2.11):

1. The household’s physical investment is a function of the exogenous interest rate and the
government-set tax rate only (see (2.8)). So the total amount of tax collected by the

government is tf (k(t)), a function of ¢t. We denote this function as 7 (t).

2. Note from (2.9) and (2.10) that Vi, ¢; = ﬁeiﬂ. This implies that there is a one-to-

one relationship between the level of endowment and consumption in the model.

3. Note from (2.10) that the next-period endowment depends on the current-period endow-
ment linearly with a coefficient k1 (1 + r). In order to rule out exploding economies, we
impose a condition that k;(1+r) <1< p <1/r.

4. Note in (2.11) that household financial savings are increasing in the tax rate t (because

investment is decreasing in the tax rate from (2.8)).7

2.2 Government problem: debt autarky

Let us turn now to the government’s problem. The government decides whether to service
legacy debt, sets the tax rate, and issues the maximum new debt consistent with these decisions,
while expecting the household to react according to (2.8)—(2.11). The benchmark case is one
where the government cannot issue any debt (so the household’s financial savings are invested
abroad). Since this government can only spend what it raises from tax, it will simply choose a

tax rate that maximizes tax revenues 7(t). Let xx denote this benchmark “debt autarky” case:

t** := benchmark tax rate = argmax 7 (t),
t

k** := benchmark investment = k(t**), and

7** := benchmark tax revenue = 7(¢t™*) = t™f (k™).
For instance, in the case of a power production function f (k) = Ak?, t** = 1—7.

2.3 Optimization problem of myopic government with debt

Consider now the government’s problem when it can borrow. We will denote the face value of

debt borrowed in period i as D;. The government has legacy debt payment (1 + r)D;_; due, of

?Under the log-utility assumption for households, investment declines and savings increase with the tax rate
t; in other words, real and financial repression map one-for-one in this case. With a more general utility function
for households, the impact of the tax rate on savings would depend on the elasticity of inter-temporal substitution.
In this case, the government may have to employ financial repression explicitly (forced savings), in addition to
economic repression (taxation), to channel savings to its bonds.
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which (14 r)DiD_ %" is to domestic investors. Suppose for now that the government finds default
suboptimal and decides to pay back the legacy debt. It finances its spending by issuing debt
D; and collecting taxes from the private sector at rate t;. Suppose that the next government’s
“spendable"”, the maximum resource that it can raise through taxation and borrowing, is S; .

Debt issuance D; today is then constrained by the next-period government’s ability to pay:
Dl(l—i—r) SSi—l—l' (212)

Consider now the next-period government’s willingness to pay. In the event that the next-period
government defaults, its tax revenues are at the autarky level 7**. It follows that in order for
the next-period government to be willing to pay, the amount it can spend if it doesn’t default
should be more than 7** minus the spending to clean up the post-default financial disruption:

Sisi—Di(1+r) = T — (C+zDP™(1+71)) (2.13)

/, v
revenues in autarky

spending to cTc;an up default
=D;(1+71)<S;; 1 +2DP™(1+r)+C—1*
=>D;(14+71)<S; 1 +2zs;(1+71)+C—1™. (in equlibrium)

net spending on no default

Since both the ability-to-pay constraint as well as the willingness-to-pay constraint must be

met, the effective constraint on current-period debt is

D;(1+r)<min{S;1,S;41+2zs;(1+r)+C—1"}
=D;(1+r) <S; 1 —max{0, 7" —C—zs;(1+71)}. (2.14)

It can be seen that T** — C —zs;(1 + r) = O traces the threshold between willingness-to-pay and
ability-to-pay constraint; when ©** —C —zs; (1 + r) is positive, the willingness-to-pay constraint
is binding, whereas when it is negative, the ability-to-pay constraint is binding.

Notice also from (2.11) that s; increases linearly in e;. This implies that for sufficiently
high endowments, 7** —C —zs;(1+ r) < 0, implying that the ability-to-pay constraint is bind-
ing. Conversely, for sufficiently low levels of endowment, the willingness-to-pay constraint is
binding. Two interesting elements of our formulation are worth noting: First, the ability to is-
sue debt effectively elongates the myopic government’s horizon, and second, the government’s

myopia can make debt more easily sustainable.
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2.3.1 How debt elongates the government’s horizon

Constraint (2.14) highlights the double-edged nature of sovereign debt that is at the heart
of our model. On the one hand, if the willingness-to-pay constraint is binding, D; increases in
financial savingss;, which incentivizes the myopic government to repress real private investment
with higher taxation in order to boost financial savings in government debt. On the other hand,
when focusing on the next-period government’s available resources to pay debt (whether the
ability-to-pay constraint is binding or not), it turns out that D; increases in S; | 1, which increases
in e; ;1. From this perspective, the current-period government has an incentive to increase
next-period endowment by lowering taxation and boosting real investment. As we show in
the following sections, these differing incentives mean the government can under-tax or over-
tax relative to our benchmark case, which is the debt autarky optimum (argmax, tf (k(t))).
What it will do depends on which of the two incentives is stronger. If S;,; is more sensitive
to current-period taxation than the penalty term max{0, 7** — C —zs;(1 + r)}, then the myopic
government will choose a lower-than-benchmark tax rate, otherwise it will choose a higher-

than-benchmark tax rate. Furthermore, the current-period government sees
spending = S; —legacy debt = max [D; +7(t)—D;_1(1471)], (2.15)

and the debt capacity D; implicitly depends on the tax rate also via its dependence on S; 4
and/or s;. Therefore, the problem is inherently infite-horizon, even though the myopic gov-
ernment only optimizes a one-period problem. This is why debt is potentially a horizon-

lengthening device.®

2.3.2 How the government’s short horizon affects debt sustainability

Conversely, let us rewrite the willingness-to-pay condition (2.13) after substituting S;,; =
Diy1+7(tig1). We get

. 7 p S

(C+2DP°™(1+71)) = Di(147)—Di4q + T — T (tigq) (2.16)
g —;—f

v Vv
spending to clean up default  benefit from avoiding net debt service  benefit from increased tax revenues

Essentially the government’s short horizon means that even though it can default on the
entire stock of debt that is built up, the benefit it sees is only the avoided debt service over its

short horizon (with debt in steady state so that D; = D, 1, this amounts to just the interest on

ONote that other long-term assets, even those not issued by the government, can help elongate its horizon,
albeit more obliquely. For instance, if the government charges capital gains taxes, it has an incentive to care about
the current value of equity, which depends on growth outcomes beyond the government’s horizon.
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debt) and the increase in tax revenues when default eliminates any restraint on taxation. Put
differently, the default costs do not need to be high enough to exceed the benefits of not paying
the outstanding stock of debt. The latter would require default costs to be implausibly high
(see, for example, the discussion in Panizza, Sturzenegger and Zettelmeyer [2009]). Instead,
for a short-horizon government to continue servicing its debt, the cost of default only needs to

outweigh the flow benefits of default over a single period (see also Bulow and Rogoff [1989b]).

2.4 Recursive formulation of the government’s problem

Let us formulate the government’s problem recursively. Note that a myopic government i takes
e, DlD"lm, and D;_; as given, and maximizes (2.15). This implies that the natural set of state

variables is (e; DlD ", D;_1); however, since legacy debt D;_; enters (2.15) only additively, the
maximization problem is independent of D;_;. Moreover, DiD_ °" only governs the government’s
decision to default or not. Therefore, conditional on the government finding default subopti-
mal, the only state variable is economy’s endowment e;. Furthermore, since a myopic govern-
ment will always maximize D; + 7(t), we can replace D; with the expression in (2.14). Note
that since the maximum is derived from the no-default condition for the next government, there

will be no government defaults in our model on the equilibrium path. Therefore, we have:

Lemma 2.1. (Main Bellman equation) The government’s value function is

S(e):mtax [1ir[S(e’)—max{O,T**—C—zs(l+r)}] (t)] (2.17)
st e =wr[(T+7r)(e—k(t))+ (1—1t)f (k(t))], (2.18)
s=xk1(e—k(t))—ko(1—1t)f (k(t)), and (2.19)

k(t) :f"l(llt:). (2.20)

The value function S(e), as well as the policy function t(e), i.e., the taxation rule conditional on
the myopic government finding default suboptimal, constitute the complete solution for (2.17),
which is sufficient for the no-default equilibrium path.

The decision rule encompassing (off-equilibrium) default can be obtained by revisiting the two
constraints, (2.12) and (2.13); for given endowment e, legacy domestic debt Dfi’ ™ (the face value
of which is (1 + r)DP™), and legacy total debt D_; (the face value of which is (1+r)D_y),

1. If S(e) — (1 +r)D_; < 0O, the government cannot pay back the legacy debt and defaults.
Upon default, it enters autarky and charges the autarkic tax rate t**.

2. IfS(e)—(14r)D_y < t**—C—z(1+r)DP™, the government potentially can pay back the
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legacy debt, but finds defaulting more advantageous. In other words it defaults strategically,

enters autarky, and charges the autarkic tax rate t**.

3. If neither of the above two conditions apply, then the government pays back the legacy debt,
charges tax t(e) and issues D(e) := S(e) —7(t(e)) amount of debt. Government spending
isS(e)—(1+r)D_;.

Finally, note that the debt issuance D(e) can be further decomposed into debt issued to

domestic entities (“domestic debt”) and debt issued to foreign entities (“foreign debt”):

DP°™ := Domestic debt = s(e, t(e)), and (2.21)
DFO" := Foreign debt = Total debt — Domestic debt = D(e) —s(e, t(e)). (2.22)

Formally characterizing the solution of the Bellman equation requires a set of regularity
conditions set out in Definition 2.1, imposed mainly to ensure convexity and single-crossing
properties of the derived functions. Any power production function of the form f (k) = Ak”
automatically meets regularity conditions A and B below, and therefore will be used in all our

numerical exercises throughout (as in Fig. 2). All proofs are in appendix C.
Definition 2.1. We assume that the following regularity conditions are met:

A. (Convexity of investment in t) k(t) is decreasing and convex in t, from which it follows
that private profit 7t(t) is also decreasing and convex in ¢.

i/((g :E,E?) is strictly increasing in t.

B. (Single-crossing properties)

is decreasing in t, and

C. (Minimal government feasibility in autarky) 7™ > C.
We can then derive the following result concerning the value and the policy functions:

Proposition 2.2. There is a unique bounded and weakly monotonic value function S(e), and a
corresponding policy function t(e), that solve (2.17),with the following properties:
1. S(e) is weakly concave, and S’(e) — 0 as e — oo.

2. 3e! < é? such that for e < &1, only the willingness-to-pay constraint binds; for e > &2, only

the ability-to-pay constraint binds; and, for e € [é1,é2], both constraints bind.

3. t(e) is continuous, (weakly) increasing in the region e € [0, é!], (weakly) decreasing in the

region [é1,¢2], and (weakly) increasing in the region [¢2,00). Also, t(e) — t** as e — 00,

We provide numerical examples that solve the problem of a given period’s government for
different endowments and help understand the proposition.
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2.5 Numerical Examples

Example I. Fig. 2 shows a solution from the model specialized to f = 3k r =10%, z = 4,
p = 2.3, and C = 1. The solution in this case possesses the following properties:

(i) There exists a low-e region (see Fig. 2, regions annotated “WTP”) where only the
willingness-to-pay constraint is binding. In this region, the future government’s ability to pay
exceeds its willingness to pay. The government gains debt capacity by pushing default costs up,
that is, with high repressive taxes that channel incremental household endowments entirely
into savings in government bonds.

(ii) There exists a middle-e region (see Fig. 2, regions annotated “WTP & ATP”) where
the optimal solution for the government is to “slide” between the two constraints, i.e., setting
T —C—2(1+r)s = 0. In this region, the tax rate policy t(e) is always strictly decreasing in
e (see Fig. 2(b)). Essentially, the government channels incremental endowment into house-
hold investment (see Fig. 2(d)) by lowering taxes, which increases the household’s future en-
dowment and the future government’s ability to pay. Marginal household productivity is high
enough that the current government’s borrowing capacity increases more than the foregone
taxes. Household financial savings (see Fig. 2(c)) are constant so the incremental borrowing
is all foreign. The limit of this process is reached when household productivity falls enough at
high enough investment that incremental reductions in the tax rate do not incentivize enough
production and borrowing capacity to offset the loss in tax revenues. The limiting lower bound
for the tax rate turns out to be the autarkic tax rate.

(iii) There exists a high-e region (see Fig. 2, regions annotated “ATP”) where only the ability-
to-pay constraint is binding. Large-endowment economies have so much domestic savings that
strategic default is ruled out. However, when the willingness-to-pay constraint is not binding,
the size of the government’s future surplus and its ability to borrow today does not vary with
the private sector endowment (see Fig. 2(e)). The reason is interesting. In this region, gov-
ernment debt capacity rises by less than the loss of tax revenues when taxes are lowered below
the autarkic rate. So the government fixes taxes at the autarkic rate, which does not vary with
endowment. Consequently, household investment is commensurately fixed, and all incremen-
tal endowment goes into household financial savings, which crowds out government foreign
borrowing but does not add to overall government borrowing. In sum, a myopic government
with a wealthy household sector taxes as if it has no access to debt, i.e., our benchmark autarkic

case.
[Fig. 2 about here]

Example II. It turns out that the tax rates in WTP and WTP & ATP region need not always

be higher than the autarkic tax rate. Figure 3 shows the solution properties for a different
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case, which arises for instance for parameters f = 3k, r = 1%, z = 1.1, p = 3.1, and
C = 1, where default costs are lower and the household propensity to save is higher compared
to the previous example. In Fig. 3(b), we see that the government charges a tax rate lower
than the autarkic rate (1 —y = 0.35). This is because boosting private sector growth is in the
myopic government’s incentive, as doing so increases its debt capacity by increasing the next
government’s willingness to pay. In particular, as the household savings rate is high, future
savings can be boosted effectively by raising future endowments, i.e., by promoting growth
today.!! As can be seen in Fig. 3(e), the amount of debt that a government can borrow is a
sharply increasing function of endowment, until the willingness-to-pay constraint eases off and
the ability-to-pay constraint kicks in. When this happens, the government starts charging tax
rates closer to the autarkic tax rates, because its tax policies have little effect on the amount of

debt it can borrow.!?

[Fig. 3 about here]

It turns out that these differing cases — whether governments choose higher or lower than
autarkic tax rates in the willingness-to-pay region — can lead to differing steady states for the

economy, which we study next.

3 Steady States and their Properties

Consider a planner whose utility is the discounted sum of each generation’s utility. Let this
utility be denoted as U ({c;}:°,, {e;}7°,; B), where 8 denotes the planner’s discount rate. In the
steady states of our model, both consumption and bequest are proportional to endowment. It
follows that, for a planner with arbitarily long horizon ( — 1) whose utility is dominated by
the steady-state utility of the households, the ordering of steady-state household endowment
governs the ordering of the planner’s utility. Let us now characterize steady states and the path

towards them. We first need some definitions regarding the endowment path:

Definition 3.1. Given the solution program t(e) from the Bellman equation (2.17) and the

private sector reaction function (2.18)-(2.20), we define

* An endowment path {e;}7°, ase; q := e (e;, t(e;)) starting at e. In addition, we define

oo (€g) as the limit (if it exists) of this endowment path: e, (eg) := lim;_, o €;.

Uinterestingly, in the boost case, actions by the international community to improve enforcement of external
sovereign debt may eliminate the willingness-to-pay constraint, and make the country worse off.

2Note that in this example, unlike in Example I, the tax rate is lower than t** even in the ability-to-pay region.
The tax rate, however, converges to t** as the endowment becomes sufficiently high.

16



* Steady state (e, t*%) as a pair satisfying!®

t* = t(e*), and 3.1
e = e such thate = e (e, t%). (3.2)
* As discussed earlier, consumption at the steady state ¢** = ﬁe“.

From Proposition 2.2, it must be the case that e* is in (i) the willingness-to-pay constraint
region; or, (ii) the ability-to-pay constraint region; or, (iii) the “sliding” region. We derive the
necessary conditions for the steady state should one or more exist in each of the three regions.

Suppose first that e*® exists in the willingness-to-pay constraint region (region (i)). We note
that using the envelope condition (%.% = 0) as well as the definition ¢** = e (e%,t*), we

can get the exact z—i at this point:

de  ‘de !
ds K1

> — = = . 3.3
de Zl—K‘l pz (3.3)

In words, when the willingness-to-pay constraint binds, an increase in current endowment
increases the current government’s spendable, both by increasing future endowment, which
increases future spendable and current borrowing capacity, as well as increasing current house-
hold financial savings (which increases the government’s ability to borrow directly). Also, the
optimal t should satisfy the FOC:

1 |:de+d_s

ds ,
—_— 1 — =0. 3.
e e R +r)dt]+T (3.4)

Plugging (3.3) into (3.4), we get the following characteristic equation:

de, dS ds ,

_— 1 — 1 =0. 3.5

T: de +z( +r)dt+( +r)T (3.5)
~—

The first term in (3.5) is negative because greater taxation shrinks the amount the household
allocates to productive investment, reducing production and growth, the household’s future
endowment, and hence what the future government can spend. The second term is positive

because greater taxation increases the amount devoted to domestic financial savings (because of

131n addition, a no-saddle-point condition is imposed as follows: 3 € > 0 such that for all e € (e¥ —e,e" +¢),
oo (e) = e%. This excludes the measure-zero set of fixed-point endowments on which a small shock can push the
endowment path away from the fixed point in the long run.
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repression), and hence enhances the government’s willingness to pay and its ability to borrow.
The third term is the effect of taxation directly on tax revenues.

It is straightforward to see that (3.5) is independent of e. Therefore, it follows that if such
a steady state were to exist, the tax rate t** can be completely characterized from the model
primitives, which we define as t". Then, the corresponding endowment e* can be derived
simply by solving e = e, (e",t"). We denote this as steady state W. So it is possible that
the optimal tax rate, t", can be greater than the autarkic tax rate t** if the government’s
incentive to repress dominates its incentive to foster growth, or smaller if the reverse is true.
We offer an in-depth discussion of this in Proposition 3.1.

Next, suppose that e** exists in region (ii), the ability-to-pay constraint region. The corre-

sponding envelope condition and the FOC yield respectively

s ds __dS

P et - _ 3.
de Klde:de 0 (36)

In the ability-to-pay region, therefore, taking taxation as constant, an increase in house-
hold endowment has no effect on the government’s ability to spend. Incremental household
endowment simply goes into consumption and household financial savings (because household
investment is fully determined by the tax rate). Financial savings do not change the govern-

ment’s ability to borrow in this region.

d€+ ds /

e i AN —0. 3,

it qe Tatns 3.7)
=0

Following the same logic as for case (i), it follows that, if such a steady state were to exist,

t5 must be equal to t = argmax, T = t**. Again, e** in this region can be derived

the tax rate
by solving e = ey (e, t**). Note that the steady-state taxation will be set at the debt autarky
level, even though the government will be borrowing. We denote this as steady state A, which
achieves the same endowment as the benchmark autarky case.

Finally, suppose that e* exists in region (iii). Since it is sliding between the constraints, and

because it is a steady state, the following must be simultaneously met:

e=e,(et), and (3.8)
0=1"—C—3z(1+r)s(e,t). (3.9

We refer to the solution (eS td ) for (3.8)-(3.9) as steady state S.
In Appendix B, we formally characterize the three steady states A, W, and S, and argue

why the limit of any endowment path must be one of them. We also discuss the conditions
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under which each of the steady states can exist. Importantly, when multiple steady states exist,
the limit of an endowment path depends on the initial endowment; in particular, endowment
paths starting from lower endowments converge to a lower steady state than those starting
from higher endowments. This is the core reason why growth traps exist in our model. More
surprisingly, there can also be growth boosts as we will see shortly.

We now turn to the central result of the paper, i.e., whether access to international borrowing
helps or hurts a country when its government is myopic and self-interested. We use the notation

{e** e} *k 14

sk sk gokek
oo Where eft | = (er", t o

. ) and the corresponding steady state as e

Proposition 3.1. Access to sovereign borrowing can lead the government to set steady-state taxa-
tion at levels that are below or above the benchmark. Steady-state endowments and consumption
vary correspondingly. Specifically :

* Suppose that t** < t". Then, eo, (eg) is in general not independent of ey, and e, (eg) < €5

always. In particular, for a set of parameters of strictly positive measure, e such that

- Veg <& exol(eg) < eX (Growth Trap), and

- Yeg =8, exo(eg) = e (Benchmark).

* Suppose instead that t** > tW. Then, ey (eq) is independent of ey and eqo(€g) > €=

always. Depending on the parameter set,

— eoo Is either equal to el (Benchmark), or

— eqo Is strictly greater than e} (Growth Boost).

In Appendix B Lemma B.2, we also characterize equilibrium quantities of government debt
and its composition as well as of government spending in these steady states.

In order to graphically illustrate these growth dynamics for a myopic and self-interested
government that can borrow internationally, we show in Fig. 4 the simulated endowment paths
for three different sets of parameters. In Fig. 4(a), both steady states A and W exist. Therefore,
the long-run or steady-state endowments depend on the initial endowment. Indeed, it can be
observed that economies starting at sufficiently low endowments may never escape the lower
endowment steady state. The willingness-to-pay constraint will always be binding, with high
repressive taxation. This leads the economy to a growth trap. In fact, the growth in endowment
can be negative as seen in Fig. 4(a) for some starting endowments, so that economies end up
poorer because of government repression at the trap steady state. However, if the economy

were to start at a higher endowment, then the willingness-to-pay constraint is never binding,

14We exclude measure zero events as even a small perturbation would remove the possibility of their existence.
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and the economy converges to the “better” steady state. Put differently, government behavior
can be more rapacious in poor economies, precisely because households have so little, and not
because of any cultural propensity to be rapacious.

In the case of Fig. 4(b), only steady state A exists and there is no growth trap. Therefore,
all economies eventually converge to the benchmark steady state. Obviously, poorer economies
take longer to reach there.

Finally, in Fig. 4(c), only steady state W exists, but in this case the willingness-to-pay con-
straint incentivizes government to keep taxes low. This allows it to enhance future private
endowments, the future government’s spendable, and thus its own borrowing today, more than
it can raise its borrowing by raising taxes and forcing more financial savings. The equilibrium
tax rate is smaller than that of the benchmark case (t" < t**). Borrowing acts as a growth
boost, and all economies converge to a better-than-benchmark equilibrium, no matter what en-
dowment they start with. While not shown in the figure, steady state S behaves similarly to this
case of a growth boost. Note that when the “growth boost" steady state exists, it is the unique
steady state. In contrast, when the “growth trap" steady state exists, it occurs only for low initial
endowments, and at sufficiently high initial endowments, the benchmark steady state exists;

in other words, there are multiple steady states based on the level of initial endowment.
[Fig. 4 about here]

Two parameters, the household propensity to save, p, and the default cost parameter, z,
are critical in determining the nature of steady state(s) that arise, as hinted in Examples I
and II above. Start first with the propensity to save. Growth traps exist only for economies
with low propensities to save and at low endowments. Here is why. As mentioned before, the
government in the willingness-to-pay region trades off the incentive to boost growth against
the repression incentive. The boost incentive is greater for the governments of higher-saving
economies because the growth of private endowments is more sensitive to taxation. The gov-
ernment in this case opts to boost growth, purely in the interest of increasing its debt capacity;,
by increasing the amount which the next government is willing to pay back. Through gen-
erations of governments, the growth boost persists, and depending on the household savings
parameter, the economy may or may not grow out of the willingness-to-pay constraint; when
it does not, the government charging lower-than-benchmark tax rates and the growth boost
become permanent features.

Conversely, the repression incentive is larger for governments of economies that save little,
since more domestic financial savings are necessary for the government to borrow internation-

ally.'> When these economies start out at low endowments, repression by successive govern-

15An interesting question is what happens in a country where households have the possibility of capital flight.
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ments ensures endowments never grow large enough to escape the willingness-to-pay region
and a trap results. We formalize the preceding arguments in Appendix Section B.1, which leads

to the following results:
Proposition 3.2. A necessary and sufficient condition for t** < tW, which is a necessary condition
for the growth trap to exist, is an upper bound on the propensity to save p:

1
"<tV p<— (3.10)

£k :

Proposition 3.3. A sufficient condition for the economy to converge to the benchmark steady state

is a lower bound on the propensity to save p:

1 1
pE< (p‘,—), where p < —. (3.11)
r r

The intuition is that with a high propensity to save, household endowments grow quickly;,
enabling the economy to escape from the willingness-to-pay region to the ability-to-pay region
swiftly, and in turn, leading to convergence to the benchmark case. It is in the interim range of
values of propensity to save p that the possibility of a growth boost arises.

This is where the second parameter, default cost parameter z, gains importance. Recall z
reflects the importance of government bonds to the domestic financial sector, and is a measure
of the sophistication or development of the country’s financial system. Whether the steady
state is strictly boosted by access to foreign borrowing depends on whether the default cost
parameter z is sufficiently small. Here is why: Note that the growth boost in our model occurs
only when the economy’s steady state remains in the willingness-to-pay region, which is when
T —C—2s(1+4r) > 0. Therefore, when z is low, 7** — C —2s(1 + r) stays positive and the
willingness-to-pay constraint can remain binding for a longer duration; conversely, when z is
high, the willingness-to-pay region is small and the steady state moves quickly to the benchmark
steady state which is in the ability-to-pay region.

These results on how the savings parameter p and the default cost parameter z affect the
nature of the steady state (growth trap, benchmark or growth boost) are illustrated in Fig.
5, where we plot different steady state equilibria (Figure 5 (a)) and steady state endowments
(Figure 5 (b) and 5(c)) for different parameter values for p and z. In sum, this suggests that de-
veloping countries with low financial sophistication z and moderately-high propensities to save
p will tend to benefit most from access to foreign borrowing, as measured by reaching higher

steady-state endowments, even though their governments are myopic and self-interested.

In that case, it may be that the country behaves as if the propensity to save is low. Of course, the higher consequent
taxation may prompt more capital flight. This is worth exploring in future research.
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[Fig. 5 about here]

Let us set these results in relation to the literature. Aguiar and Amador [2011], for example,
study a neoclassical growth model with sovereign debt. Due to political frictions, the present-
day government places a much higher weight on current household consumption relative to
that in future, but nevertheless has the same discount rate as households; this leads to an
anticipation of government default when debt is high along with possible expropriation via
high taxes on capital, and therefore ex-ante under-investment in capital. This slows down the
economy’s rate of convergence to the efficient steady state, though does not alter the eventual
steady state. In Aguiar, Amador and Gopinath [2009], the government’s discount rate is higher
than that of households. With this change in the government’s objective, the economy is always
trapped at levels of capital investment below the efficient one if the government discount rate
is high enough. In these papers, even though the government cares about the welfare of the
citizenry, sufficient myopia induces it to have a greater propensity to default on debt, causing
debt to be a greater overhang on capital investment.

In contrast to these papers, the government in our model is not just myopic, it does not
care about the citizenry’s consumption. So debt not only effectively extends the government’s
horizon, it also gives the government a reason to care about the future citizenry (because of
the taxable output or financial savings they generate). Because of these attributes, government

borrowing in our model can lead to better long-run outcomes than the autarky steady state.

3.1 Implications for sovereign debt

A large literature on sovereign debt that we cannot do justice to attempts to explain (with
only moderate success) why countries repay their foreign debt.'® Recent papers that rely on
the inability of the sovereign to discriminate between debt holders of different nationalities
(see Broner and Ventura [2016], Gennaioli, Martin and Rossi [2014], Guembel and Sussman
[2009]), or the sovereign’s inability to prevent foreigners from trading debt to domestic insti-
tutions if a selective default is announced (see Broner, Martin and Ventura [2010] or Broner
and Ventura [2016]), improve our understanding. The difficulty in discriminating between do-
mestic and foreign holders then allows researchers to focus on what the costs of defaulting on
domestic holders might be. This is a question to which researchers have more plausible an-
swers. These include the cost of setting off panics in, or decapitalizing, the domestic banking

system as in Gennaioli, Martin and Rossi [2014], the loss in activity if banks have a harder time

16Gee Eaton and Gersovitz [1981], Grossman and Van Huyck [1988], Bulow and Rogoff [1989a], Bulow and
Rogoff [1989b], Fernandez and Rosenthal [1990], Eaton and Fernandez [1995], Cole and Kehoe [1998], Guembel
and Sussman [2009], Reinhart and Rogoff [2010], Amador [2012], and Tomz [2012], and the surveys by Aguiar
and Amador [2011] and Panizza, Sturzenegger and Zettelmeyer [2009].
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finding safe collateral with which to transact (see Bolton and Jeanne [2011]), or the risks to
re-election of antagonizng powerful domestic investors.

Yet, if the size of foreign debt were large would these costs not be dwarfed? Our assumption
of government myopia helps us address this — the perceived benefits of default may not be large
for a myopic government. Indeed, as (2.16) suggests, all the myopic government cares about
are the flow benefits of default, which may be significantly smaller than that associated with
wiping out the stock of debt. This is why a fair amount of external debt can be sustained even if
the default costs z are modest. Indeed, while Acharya and Rajan [2013] also assume a myopic
government, because their analysis is in a two-period setting, they require z > 1 for external
debt to be feasible. Our framework does not require such high default costs because the per-
period net debt service in a multi-period model is much smaller, so the benefits of default are
proportionately smaller.

Our framework has other implications. In traditional models that focus on default benefits
being proportional to the stock of debt, default should be more likely when interest rates are
low (and discounted debt stock values high). In our model, default is more likely if debt service
costs unexpectedly rise, that is, in periods of rising rates.

Government myopia in our dynamic framework can also explain why a modest reprofiling of
debt after a default can be enough to make the debt creditworthy. Default in our model occurs
when the flow benefits of default exceed the cost. A successor government that can renegotiate
the stock of defaulted debt down to a level that future governments will pay, and create some
additional room for it to issue new debt to fund its own spending, will be perfectly happy to
renegotiate the debt to this level and regain good standing; this incumbent government does
not bear the cost of the future debt repayment, while it benefits from regaining access to debt
markets. This could explain both why negotiated haircuts on defaulted debt can be modest
(Aguiar and Amador [2014] find the median country exits restructuring carrying a 5 percent
higher debt-to-GDP load than at the time of default) and why creditors are happy lending again
— the reprofiling makes the new debt sustainable given the modest benefits of default.

Finally, because the costs of default in our model are one-off, while the benefits of default are
flows each period, a government that has a longer horizon may have a greater incentive to de-
fault because it cumulates the benefits over multiple periods. This is in contrast to Hatchondo,
Martinez and Sapriza [2009], where a lower level of debt is sustainable when a myopic gov-
ernment is in power than when a patient government is in power. The reason for the difference
in our results is simple — the costs of default in their model come in the future, so the impatient
myopic government discounts them more. In contrast, the costs of default in our model are ex-
perienced by the government that triggers default, while most of the debt repayment is beyond

the government’s horizon, so myopic governments have greater incentives to repay debt.
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3.2 Weak or negative correlation between foreign finance and growth

A number of studies (see Aizenman, Pinto and Radziwill [2004], Prasad et al. [2006], and
Gourinchas and Jeanne [2013]) have explored whether countries that borrow more interna-
tionally do better — this literature focuses on the intensive margin (while the "odious" debt
literature focuses on the extensive margin). The surprising finding is of a weak positive or
even significant negative correlation between developing country growth and its use of foreign
borrowing, within the set of countries that all have the ability to borrow internationally.!”A
much studied difference is that between Latin America’s growth experience and Asia’s growth
experience. As Kohli [2012], for example, points out, the Asian economies he examines have
higher domestic savings (he examines the period 1980-2010, but is careful to show that the
results hold outside Latin America’s lost decade due to debt default in the 1980s) and lower
reliance on external borrowing. Domestic savings are positively correlated with growth while
external debt is negatively correlated, with the pattern clearest across regions, but also within
regions. These correlations illustrate the pattern that Gourinchas and Jeanne [2013] term “the
allocation puzzle.”

Our model can shed light on it. To see this, suppose the differential reliance on foreign
borrowing across countries arises due to differences across countries in the citizen’s propensity
to save (p), keeping the nature of the government the same (myopic and self-interested). Let us
focus on the willingness-to-pay region or the sufficiently low endowment region which typically
represents developing countries and emerging markets.

Then, our results on growth traps and growth boosts (Propositions 3.1-3.3) imply that in
developing countries, a higher propensity to save (high p) means the country will avoid growth
traps, potentially even experiencing a growth boost. This will drive the steady-state endowment
up, and the extent of foreign borrowing relative to the endowment down; conversely, a lower
propensity to save (low p) is associated with repression and growth traps, which drive the
steady-state endowment down and the extent of foreign borrowing up. To the extent that the
steady-state endowment proxies for measures of well-being such as consumption and growth,
our model can generate the negative relationship between foreign borrowing and the measures
documented in the literature.

Formally, we analyze below the channels driving the complex relationship between the

steady-state endowment, e", and the foreign debt, D", normalized by endowment. From

17In particular, Prasad et al. [2006] find that over the period 1970-2004, there is no positive correlation for
nonindustrial countries between current account balances and growth, or equivalently, that developing countires
that have relied more on foreign finance have not grown faster in the long run, and have typically grown more
slowly. They conclude this runs counter to the predictions of standard theoretical models. Similarly, Aizenman,
Pinto and Radziwill [2004] construct a self-financing ratio for countries in the 1990s and find that countries with
higher ratios grew faster than countries with lower ratios.
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For .
Lemma B.2, we can decompose Z—W as the following:

pfor  x(t")/r (v —=C—z(1+r)s(e”, ")) /r s(e”, ")

= — — . (3.12)
eW e eV . ew
H ~" ~"
Z tax revenues willingness-to-pay wedge domestic debt

As p increases, the steady-state endowment is higher mechanically as households prefer en-
dowment over consumption, but the repressive tax rate t" decreases (see Fig. 6(a) and (b)).
As a result, the first term on the right hand side in (3.12), which is proportional to tax revenues

and inversely proportional to endowment, is decreasing.
[Fig. 6 about here]

However, rearranging slightly, the other terms on the right hand side are increasing in p.

w (77=C) (e",t")

. . . .. . . s(e”,t . . 1.
Since e increases with p, ———z— is increasing in p. Furthermore, =——z3— is multiplied

by a positive coefficient for z sufficiently high (note that for z close to or greater than one,

L s 0). This term is increasing in p since savings increase at a faster rate than the

-
endowment as p increases.
Developing countries are likely to be characterized by low financial sector sophistication

For
z. When z is low, the first term in (3.12) can dominate and De—W may be decreasing in p, as

shown in Fig. 6(e), whereas e"

is increasing in p regardless of z (Fig. 6(c) and (d)). This gives
rise to a negative relation between the foreign debt to endowment ratio and the steady-state
endowment (Fig. 6(c) and (e)) — countries that borrow less from abroad relative to endowment
reach higher levels of endowment, a version of the allocation puzzle.

In contrast, when gz is high, as is likely with advanced economies, the term containing
S(evev—v’vtw) dominates the decrease in repression so that the foreign debt normalized by endow-
ment is increasing in p, giving rise to a positive relation between the foreign debt to endowment
ratio and the steady-state endowment (Fig. 6(d) and (f)). Indeed, Prasad et al. [2006] find the
allocation puzzle does not hold for advanced economies.

Our model clarifies the broader point that ceteris is not paribus across countries, so the
relationship between foreign borrowing and economic growth may be confounded by the en-
dogenous selection of which countries rely more on foreign borrowing. It is not that foreign
financing is necessarily bad for developing country growth, but that the very characteristics that
lead some countries to have more foreign financing, viz., low endowments and low propensities
to save, typically also lead to greater repression by their governments.

Relatedly, in Aguiar and Amador [2011] countries with more fractured politics (and thus

with more short-term incumbent governments) tend to spend more, and have higher outstand-
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ing net foreign liabilities, which leads them to grow slower because of an effective debt over-
hang. In their model, external sovereign debt has a direct adverse effect. In our model, it is
coincidental with repressive regimes.

Gourinchas and Jeanne [2013] conclude that the finding that high productivity countries
receive lower external capital flows is not driven by investment wedges (lower returns on cap-
ital discouraging capital flows) but savings wedges (high productivity countries having greater
realized savings). Our paper offers a further elaboration of this argument. Greater realized
savings may be because of the country’s greater intrinsic propensity to save. This, in turn, re-
duces the distortionary tax the government imposes on capital investment (a lower investment

wedge), and leads to a convergence to a higher steady state output.

3.3 Odious debt

Should countries with odious governments have access to external debt or not? Sack [1927]
(see also Buchheit, Gulati and Thompson [2006], Jayachandran and Kremer [2006] and Sander
[2009]) suggests that debt should be deemed odious and not transferable to successor regimes
if (a) it was incurred without the consent of the people (b) it was not for their benefit and
(c) the lender knew or should have known about the lack of consent and benefit. Our myopic
self-interested government does not ask the household how much it should borrow, nor is the
borrowed amount used for the benefit of the household. Lenders are perfectly happy lending
since they get repaid in equilibrium. So the sovereign debt in our model meets these conditions
of being odious.

The value of declaring as odious any future issue of debt that meets the above criteria is that
it prevents wasteful new spending, and the accumulation of debt that successor governments
will have to repay. It can disincentivize odious governments from coming to power by reducing
the size of the prize from doing so (see Jayachandran and Kremer [2006]). It can also make it
harder for such regimes to stay in power by reducing the resources they have to spend.

Our model does not speak to the process by which the odious government comes to power,
but certainly suggests that the ability to borrow can mitigate repressive behavior. The key to
the change in its behavior on gaining access to debt is the nature of the country’s environment
— for instance, the propensity to save of households (p), the size of their endowment (ej), or
the centrality of government debt to the private sector’s functioning (as captured in the default
cost parameter z). Governments may choose growth-enhancing policies relative to the autarky
benchmark in order to boost their successor government’s willingness to repay, and thereby,
increase borrowing today; this dynamic enables the economy to experience a growth boost

in the form of a steady-state endowment that is above the autarkic one. An odious regime,
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therefore, does not always imply that access to borrowing has odious consequences.'® The
need to borrow could place limits on how odious a regime can get.

Of course, we also show the converse possibility: access to borrowing can lead the gov-
ernment to repress its country into a poverty trap (Kharas and Kohli [2011]), especially if the
country is poor (small endowments) and has a low propensity to save. The more general point
is that international engagement, whether through trade or capital flows, can worsen or restrain
bad behavior. The precise circumstances matter.

Even if access to international borrowing leads to a growth trap in our model, because
the country does not start with a blank slate, a declaration that the new debt issued by the
government is odious and unenforceable is not necessarily beneficial to its citizens. Such a
declaration will immediately trigger default (since the government cannot borrow to repay
legacy debt), which may be costlier to the country’s citizens than keeping access open. It may
be better, as we will see in Section 5, for the country to be eased into a better equilibrium
through a combination of debt relief and debt ceilings.'®

Before we conclude this section, we must point out that governments in our model are
myopic and self-interested or corrupt but not brutal. Some commentators (see, for example,
Bolton and Skeel [2007]) have in mind regimes that freely imprison, maim, and murder their
citizens (or those of neighboring countries) when they use the term “odious”. Of course, in such
situations, we will also have to model the negative utility to citizens and neighbors from the
government spending more on truncheons, rifles and flame-throwers, which may far outweigh

the effects of lower taxes. We have little to say about such regimes.

4 Robustness and Extensions

Let us now examine the robustness of the basic model and some extensions.

18 A related but different point is made in Janus [2012]: a limitation on debt issuance makes it less worthwhile
for the odious government to stay in power, giving it more incentive to be rapacious say in taxation or additional
borrowing, even if that raises the risk it is turfed out. In our model, the government cannot change its limited
term in office, so all the improvement in incentives comes from the direct horizon-lengthening effects of debt.

19Stepping outside the model, the odious debt declaration, while benefiting from being simple, may also have
unintended consequences. One of them is for a country that does not currently have an odious government. The
increased possibility that one of its successors could be deemed “odious” could reduce its prospects for rolling over
debt, and thus close the market for new debt issuance today. This too could precipitate costly default, as well as
reduce the probability of a non-odious regime staying in power. Since few countries can guarantee the quality of
successor governments, the unintended consequences of easing the process by which debt can be declared “odious”
could be quite substantial.
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4.1 Longer debt maturity

In our model, all government debt is short-term, maturing in the next period. We show in Online
Appendix D.1 that this assumption is immaterial to the main results of our paper: Long-term
debt is identical to short-term debt in its effects if the government can always buy back and re-
issue the bonds (given there is no default in equilibrium the price of debt remains unaffected).
Intuitively, what matters regardless of the maturity of the debt is the net debt service. It follows

therefore that the endowment/tax rate paths are identical under debt of any maturity.?°

4.2 Domestic debt only

Let us turn to a different question. How would the household fare if the government could not
borrow internationally, but could borrow from the domestic household? To focus only on the
effect of domestic versus foreign borrowing, we assume domestic debt continues to be issued
at the world interest rate. It turns out that removing access to foreign debt does not necessarily
improve the long-run consumption of the household, for the government now faces a different
incentive to repress.

The household’s problem is the same as earlier. However, the government’s problem set up
in section 2.3 changes. The government is still constrained by the next government’s ability
to pay. However, if z is sufficiently high (z > 1 suffices) the government does not face the
willingness-to-pay constraint anymore — the government never finds it optimal to default as all
of its debt is held domestically. If the face value of the legacy debt is D, the gain from defaulting
is D, whereas the loss from defaulting is the default cost C +zD. As C > 0, if z > 1 the loss is
always greater than the gains, implying that a strategic default is never optimal.?!

We then have the following new Bellman equation to solve for the domestic-debt only case:

) 1
S(e) = max [mm{
t 1+r

5(¢),s} —l—T(t)] 4.1)

where endowment e’, savings s and capital k(t) follow equations (2.18)-(2.20) as before. Note
that the debt the government can raise today in (4.1) is the minimum of the present value of
the future surplus and current savings, because with no large foreign sector to absorb its debt

issue, the government can only sell what its citizens demand. This then implies the government

20There is a growing body of literature now that analyzes long-term sovereign borrowing under a variety of
assumptions on government ability to trade and ability to commit. We cannot do justice to this literature (see, for
example, the recent paper by DeMarzo, He and Tourre [2021] and references therein). Interestingly, sovereign
access to debt when the government is myopic results in a welfare loss for the more patient citizenry in some of
this literature (DeMarzo, He and Tourre [2021] in particular), whereas this is not always the case in our model.

21The condition z > 1 is only a sufficient condition to ensure no default. In practice, a weaker condition would
suffice since all that needs to be offset are the flow benefits of default, as discussed earlier.
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in choosing taxes faces traditional incentives for financial repression — that is, to direct domestic

savings towards its own debt. We then have
1. If S(e*) < (14 r)s(e*, t*°) (ability-to-pay constrained), and t* = t**.

2. If S(e**) > (14 r)s(e*,t*) (savings-constrained), and t** > t** that sets s, (e%,t*) +
/(%) = 0 (independent of e**).

It turns out that there are two possible steady states in equilibrium. When the savings constraint
binds in equilibrium, the myopic government faces a direct incentive to financially repress; it
wants to funnel private endowments into savings by increasing taxation on the real production,
the proceeds of which it uses for its wasteful programs. When it does not bind, we get the
autarkic level of taxation.

In the earlier case with foreign borrowing, domestic debt helped enhance the cost of default.
Here, it supplies the entire borrowing needs of the government. So the steady state outcomes
could be quite different. For instance, we can already see from the discussion above that we
never get a growth boost when the government is restricted only to domestic borrowing. We
now compare steady state outcomes with and without access to foreign debt more systemat-
ically: First, we note that under the same conditions, a government with access to domestic
debt only is more likely to plunge the economy into a growth trap than one with foreign debt
access. Fig. 7(a)-(b) illustrate an example where a growth trap exists for the government with
access to domestic debt only, but does not for the government with access also to foreign debt,

under the same parameter configurations. We state these observations more formally below.

Lemma 4.1. A growth trap exists when the government cannot access foreign debt whenever it
exists when the government can access foreign debt. Conversely, the growth trap may not exist
when the government can access foreign debt even if it exists when the government cannot access

foreign debt. There is no growth boost when the government cannot access foreign debt.

Second, we compare the severity of growth traps in the two cases. The degree of financial
sophistication z is an important factor governing the level of steady state consumption and
endowment reached with access to foreign borrowing. Specifically, when 2z is low, access to
foreign debt ameliorates the growth trap as in Fig. 7(c). It raises the steady state consumption
and endowment relative to the steady state with the government having access only to domestic

debt. The opposite is true when g is high (see Fig. 7(d)).

Lemma 4.2. Suppose that the parameter configuration admits growth traps under both cases,
with and without access to foreign debt. Then, for sufficiently high financial sophistication 2, the
growth trap is worse in the case with access to foreign debt. For z sufficiently close to 1, the growth

trap is worse in the case without access to foreign debt.
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[Fig. 7 about here]

The intuition is straightforward: with foreign debt access, the incentive to financially repress
comes from the incentive to increase the default cost of the next government, which increases
debt capacity today. Because the default cost is proportional to z, the financial repression
incentive is amplified by z. In contrast, for a government without access to foreign debt, this
parameter is irrelevant (once above a threshold) because the government does not default

strategically. This is why z governs the relative severity of growth traps in the two cases.

4.3 Productive government investment

We relax in Online Appendix D.2 the assumption that the self-interested government simply
spends on current wasteful projects and instead assume that a public investment made in the
beginning of the current period (when the government undertakes other spending) yields re-
turn at the beginning of the next period. This captures the notion that public projects, such as
a state-owned steel plant or a toll road or climate change mitigation, are long-term in nature.
Since the return is generated only next period, the myopic current government does not enjoy
the future cash flow per se. However, non-zero investment may still be in the government’s in-
centive if it increases its debt capacity. We show formally that this is the case if the next-period
government is in the ability-to-pay region, but not necessarily if it is in the willingness-to-pay
region. Intuitively, the returns from such an investment obviously enhance the future govern-
ment’s ability to pay. However, since the return will be available regardless of whether the
future government defaults or not, it does not affect its willingness to pay. Investment has no
effect on debt capacity in this case. The implication is that governments of a country with low
endowment (developing country), likely to be in the willingness-to-pay region, cannot take ad-
vantage of public investment opportunities, not because they are less capable or more corrupt
than rich-country governments, but because once again their circumstances give them less of

an incentive to do so.22

5 Policy Instruments

Could poor countries escape growth traps? What policies would lenders have to follow? We

now discuss the effectiveness of policies such as debt relief and debt ceilings from the perspec-

22Note also that if the developing country made "seizable" investment abroad, which could be appropriated by
the foreign lender in case of default, it would alleviate even the willingness-to-pay constraint, since the country
would retain the fruits of the investment only if it serviced its debt. Somewhat perversely, this gives the poor
developing country an incentive to make productive investments abroad rather than at home - foreign exchange
reserves could be thought of as such an investment.

30



tive of the citizenry.

5.1 Debt relief

Consider first the impact of a one-off debt relief, that is, forgiveness of a certain amount of
the face value of debt only once and not repeated. We do not have a traditional Myers-style
debt overhang problem in our framework, whereby the fear of the government raising taxes
to service its debt causes the private sector to underinvest — indeed, the government in our
model taxes heavily in order to maximize its spending, which already causes underinvestment
relative to a low tax or no tax regime. Debt relief alone is inconsequential in our model. It
simply allows the current-period government to increase spending by the amount of the relief
(also see Aguiar and Amador [2011]).

Lemma 5.1. In an equilibrium path, any debt relief in a period is transfered one-to-one to gov-

ernment spending in that period. The ensuing tax rates and endowment paths remain unchanged.

This is not very far from reality. Of the 36 countries that received significant official debt
relief under the Highly Indebted Poor Country (HIPC) Initiative and Multilateral Debt Relief
Initiative (MDRI) in the early 2000s, 15 were either back in debt distress or had a high risk of
debt distress by 2019. Another 13 had a moderate risk of debt distress.?®> Even the remaining
did not all have a low risk of debt distress — some simply did not produce the data to compute
debt sustainability.

An alternative form of debt relief could be one where a multilateral institution such as the
IMF or the World Bank is expected to provide debt relief (or emergency funding) on a repeated
basis, thus effectively reducing C, the fixed cost of default. In our model, C governs the extent
of the willingness-to-pay constraint faced by the government; intuitively, a lower fixed cost of
default results in a larger willingness-to-pay region. As a binding willingness-to-pay constraint
is necessary for both growth trap and boost steady states, it turns out that a lower C results in
an increased likelihood of both steady states, depending on the household propensity to save

(Proposition 3.2). Formally, we have:

Lemma 5.2. Consider two parameter configurations P; and P,, whose only difference is in the
fixed cost of default C (C; < C,). When p < tlm, P; admits a trap steady state whenever P, admits
a trap steady state. Similarly, when p > t%, P; admits a boost steady state whenever P, admits a

boost steady state.

23gee https://www.worldbank.org/en/topic/debt-sustainability#2 for a list of countries and the risk of debt
distress prepared by the World Bank.
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Figure 8 illustrates this numerically. The growth boost occurs in the parameter space de-
noted by the triangular area between the curved line and the horizontal line, whereas the
growth trap occurs in the area that is below both lines. It can be seen that lowering the cost of

default C has the effect of raising the curved line, enlarging both the “boost” and “trap” areas.
[Fig. 8 about here]

In other words, our model implies that the willingness of multilateral institutions to offer
debt relief should depend on the nature of the borrower. In particular, unilaterally denying
credit to myopic, self-interested governments who have displayed bad ex-ante policies (Jeanne
and Zettelmeyer [2005]) may be suboptimal for their economies. While such denial (or alter-
natively, lending but with the imposition of significant costly conditionality on the government
so as to not lower C) would be desirable for countries with low household propensity to save as
they could be released from their growth trap by a higher cost of default, it can be detrimental
to the growth of countries with higher household propensity to save, who may move into the
boost region if C falls. Another option could be to consider one-off debt relief with attached
conditions (Jeanne, Ostry and Zettelmeyer [2008]) such as a debt ceiling requirement, which

we analyze next.

5.2 Debt ceiling

What about capping the government’s ability to borrow with a constitutional debt ceiling (as,
for example, in Germany) or through a common understanding imposed by external lenders
(as, for instance, in the call for multilateral institutions like the IMF to monitor and limit debt
buildup in poor countries). For instance, Alfaro and Kanczuk [2017] model a government with
present-biased preferences, and argue this leads to an over-accumulation of debt. They find
that a rule placing a ceiling on the amount of debt that can be borrowed performs much better
than a rule limiting maximum deficits, and virtually approximates the optimal rule.

In our framework, despite government myopia, borrowing can boost steady-state endow-
ments. So if planners want to maximize the country’s steady-state endowment, debt ceilings
are appropriate when borrowing leads to a growth trap but not when it boosts growth.

To see this, suppose that debt ceiling takes the general form {D;}°°, where each govern-
ment i faces the debt ceiling D;. Let us denote the current government’s spendable surplus as
S(e; Dy, Dy, ...). We have:

Proposition 5.3. S(e; Dy, Dy, ...) is weakly decreasing in all debt ceilings, D;, current (i = 0)
and future (i > 0). It follows that lowering the debt ceiling — whether for the government itself or

future governments — weakly decreases the current government’s ability to spend.
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We now consider a special form of debt ceiling where D; = D Vi (flat debt ceiling). Define

€oo(€9; D) as the limit of the endowment sequence under debt ceiling D. We first prove that

Proposition 5.4. (Optimal debt ceiling). Suppose that t** < t" (corresponding to the trap case).
Then, in general e, (eg) < oo (€g; D). In particular, there exists a threshold debt ceiling D = DV
such that for all D < D, eq(eg; D) = ey for all ey, completely removing the trap.

Suppose instead that t** > tW (corresponding to the boost case). Then, in general e, (eg) =
eoo (€0; D). Similarly, 3D such that for all D < D, e, (eg; D) = €%, for all ey

Fig. 9 offers an illustration. In Fig. 9(a), the debt ceiling is placed on the parameter case
where the growth trap exists (t** < t"). The debt ceiling generally reduces the tax rate for
most values of endowment. In Fig. 9(b), the debt ceiling is placed on the parameter case where

the growth boost exists (t** > t"), and it increases the tax rate everywhere.

[Fig. 9 about here]

5.3 Debt relief coupled with debt ceiling

We saw earlier that a one-off debt relief (alone) had little effect over the long run. However,
when coupled with a debt ceiling, such debt relief can be beneficial in moving a country to a
better equilibrium. Suppose, that the debt ceiling was not initially in place and the economy
is in a growth trap. Only a debt ceiling below the steady-state level of debt will have effect,
but imposing it will cause the country to default, thus causing it to incur the deadweight costs.
Therefore, if default is a dominated option, any attempt to impose a debt ceiling should first
be preceded by debt relief so as to avoid immediate default.?

Formally, let the debt amount be reduced by fraction £. A one-time debt restructuring
scheme then can be summarized by a pair (§,D). We analyze how various restructuring
schemes (&, D) can affect the utilities of different interested parties.

We first take the perspective of external creditors. Assuming debt has to be reduced, they
would want to minimize & given D, such that relief is enough to prevent default. Intuitively,
& required to prevent default is a decreasing function of the debt ceiling D, as a lower ceiling
constrains the government’s resources more. By Proposition 5.4, lowering D eventually gets
the economy out of the trap. It follows, then, that finding an efficient scheme can be reduced
to finding the threshold debt ceiling D at or below which the economy escapes the trap. The
threshold D is lower than the debt issued in steady state W, as anything weakly higher is not

going to change the current and subsequent government’s behavior. We formalize this below.

24Note that default followed by debt autarky can ameliorate repressive taxation and potentially help the econ-
omy move from a growth trap to a higher steady state, as we will see later in Section 6.1. Here, we focus on the
case where default is not welfare-improving in the long run.
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Proposition 5.5. Consider an economy in a growth-trap steady state with endowment e", debt
DY, and tax policy t" > t**. For any debt ceiling D, debt relief & prevents government default if
and only if

S(eV;D)—[t*—C—z(1+71)s(eV,t")] '

£=EM(D):=1— (1+r)DW

Since S(e"; D) is increasing and continuous in D, E™"(D) is decreasing and continuous in D.

A debt restructuring scheme that minimizes & while ensuring no default as well as no growth
trap (e = €**) can be characterized as choosing the debt ceiling D that is arbitarily smaller than
the steady-state level of debt

W[t —C—z(1+r)s(e", V)]

D:=D" = R
r

and choosing a & arbitarily close to 0. At this debt ceiling, the tax rate is initially arbitarily close

to tV as well.

Fig. 10(a) illustrates the patterns exhibited by ™" (D) and e, (D). Note first a sharp
discontinuity of e, (D); for D higher than the steady-state level D", the trap is unchanged.
For D slightly lower than D", the trap is suddenly removed. However, E™"(D) is continuous
in D, and need only be vanishingly small, with the debt ceiling dislodging the country from the

trap steady state, and the ensuing endowment dynamics taking it to the ability-to-pay region.
[Fig. 10 about here]

How about household interests? While any debt ceiling below D" ensures long run conver-
gence to the ability-to-pay steady state, lower debt ceilings induce faster convergence to the
long-run endowment. Fig. 10(b) illustrates this point. At a debt ceiling just below the thresh-
old (99.95% of D"), it takes about 100 periods for the economy to reach the benchmark steady
state, whereas a lower debt ceiling (80% in the figure) achieves it in 40 periods. Intuitively,
governments do not start charging the autarkic tax rate right away; if the debt ceiling is just
below D", they will set the tax rate just below t" and it declines only slowly to the autarkic tax
rate. Convergence is faster when the debt ceiling is set lower and debt relief is set accordingly

higher, as can be seen in Fig 10(c). Formalizing the preceding argument:

Proposition 5.6. Suppose that the economy is trapped at endowment e". Suppose now that a
permanent debt ceiling D is placed at t = 0, along with adequate levels of debt relief such that the
debt ceiling does not trigger default. Let {tiD }i= {tg , t? ,...} denote the collection of tax rates that
the governments in periods i = 0,1,2,... charge, and similarly, le_tl{e?}_;: {eg,e?,...} be the
corresponding endowments. Then, for two debt ceilings D' < D?, tiD < tlp holds foralli e Z,.

This immediately implies that eiD "> e?z for all i as well.
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Propositions 5.5 and 5.6 show that there is an understandable conflict of interest between
creditors and the domestic private sector on the extent of government debt haircuts. While
creditors would prefer the minimum debt relief that allows the country to escape the growth
trap, the domestic private sector would prefer higher levels of debt relief for faster convergence
to the steady state. Of course, debt renegotiation will result from bargaining, taking these and
other factors into account.

It should also be noted that debt ceilings are inherently time-inconsistent. While suitable
debt relief combined with a debt ceiling is in the present government’s incentive, it is not in the
future governments’ incentive; future governments benefit, if possible, from removing or relax-
ing the debt ceilings and increasing their spending by borrowing more. And future creditors
have an incentive to lend.

Furthermore, the knife-edged nature of debt ceilings and debt relief (no effect above a
threshold ceiling, large effects below so minor debt relief is enough) are largely driven by the
fact that in the model there is no uncertainty and all parameters are exactly known. In the
presence of various forms of uncertainties, the optimal debt relief would likely be higher.

Finally, intuition suggests that these results should carry over with permanent debt relief:
multilateral institutions should grant debt relief (lower fixed cost of default C) with no debt
ceilings for countries with high household propensity to save, but allow defaults without relief
(higher C) or grant relief but only conditional on adoption of debt ceilings for countries with

low household propensity to save.

6 Unexpected Shocks

Let us now examine the effects of unexpected shocks to model parameters on model outcomes.
To start with, we focus on the case where the model exhibits both steady states A (autarky
benchmark) and W (growth trap). We assume that the model economy has stayed at either
of the steady states for a long enough time, i.e., endowment, taxes, and debt issuances are as
in Lemma B.2. Specifically, we consider an unexpected shock — at the beginning of the period
— to the current endowment e; a permanent shock to the propensity to save p; a permanent
shock to private sector productivity ¢ which level-shifts the production function f (k) — ¢ x
f (k); and a permanent shock to the interest rate r, and analyze the effects on (i) the current
government’s decision to default, and (ii) the steady states. We first consider the impact of a
“small” shock, i.e., (theoretically) an infinitesimal perturbation of one parameter at the base
case of parameters for which the steady states are considered, and next, the impact of a “large”
shock.
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6.1 Small shocks in the trap steady state

We formally characterize the impact of small shocks in the trap steady state in the Online
Appendix E. Perhaps the most intriguing result is that government spendable in the growth-
trap steady state W is negatively related to the productivity parameter. This is driven by two
forces: (i) An increase in productivity induces a decrease in financial savings by the private
sector; in steady state W, this drives down the government debt capacity. (ii) An increase in
productivity also increases tax revenue in case of default, which weakens the government’s
commitment to not default, thereby further reducing the debt capacity. Lower debt capacity
will in turn trigger default if the government had previously maximized borrowing.

Consider next a small endowment shock. In the growth-trap steady state W, even a small
negative endowment shock causes default. However, somewhat counter-intuitively the shock
may be beneficial in the long run: Because the next-period government is in autarky, it charges
the autarkic tax rate, which is lower than the original repressive tax rate; as a result, the econ-
omy gets a large push to growth in the following period. In some cases, this boost in growth can
be large enough to eventually get the economy out of the growth trap it was originally in. Note
that this is a different feature of our model relative to other models such as Aguiar, Amador and
Gopinath [2009] wherein economies stuck in an inefficient steady state only revert to that same
state following endowment shocks. In our model, different steady states are possible based on

the country’s endowment, so shocks can change the eventual steady state.?®
[Fig. 11 about here]

Panel (a) of Fig. 11 illustrates this result. The economy, initially in steady state W, is given
a small shock (5% of original endowment) in period 10, causing a sovereign default in the
next period. However, in the following period the government charges the autarkic tax rate
which boosts growth significantly. This boost is large enough to counter the effects of the
initial contraction so that in the long run the economy converges to the higher steady state A.
Interestingly, an economy initially in steady state A is impervious to small endowment shocks.
In panel (b), such an economy is given a small (5%) shock to original endowment. This does
not trigger government default. In this sense, government debt of this economy is “safe”. The

economy goes through a minor contraction but bounces back to its original path.

25Levy-Yeyati and Panizza [2011] use quarterly data to study the evolution of GDP growth around twenty-three
default episodes that took place between 1982 and 2003 and find that defaults tend to follow output contractions.
This is perhaps not so surprising. What is more interesting is that using quarterly data, they find that defaults tend
to be associated with the beginning of the recovery. Whether it is just a coincidence that the default is associated
with the business-cycle trough, or whether, as in our model, it could result in pro-growth policies, is a matter for
further research.
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To summarize, policy intervention might be unnecessary in response to small unexpected
shocks, even when such shocks lead to sovereign defaults, as in the case of low-endowment
economies. However, we show next that this is not necessarily the case while considering the

impact of large shocks.

6.2 Large shocks in the trap steady state

Large shocks such as natural calamities or wars or pandemics can lead to significantly different
implications compared to small shocks. To show this, we focus on shocks to endowment: In
panel (c) of Fig. 11, the economy;, initially in the growth-trap steady state W, experiences a large
adverse shock (loss of 50% of original endowment). In this case too, the government defaults;
however, unlike the case of a small shock (panel (a)), the economy is unable to recover from
the initial shock in spite of the short-term boost to growth. It converges back to the growth-trap
steady state W. In fact, panel (d) shows that a large shock can cause even the government of the
economy initially in steady state A to default, unlike the case of a small shock (panel (b)). With
a large shock, the economy is pushed into a growth trap and the endowment only converges to
the lower steady state W.

Consider then the impact of a large unexpected endowment shock such as a pandemic on
a developing country with a myopic self-interested government. The pandemic clearly reduces
production, taxes, future endowments, and the government’s ability to service debt, possibly
pushing the country into a growth trap. Furthermore, the nature of the shock is such that the
government must undertake socially useful healthcare expenditures and also boost fiscal trans-
fers to boost household endowments. Our model suggests that an efficient mechanism to help
the developing economy recover well from such a shock could be “targeted debt relief," i.e.,
a combination of (i) debt relief to avoid the default costs which can be a significant shock to
government resources; and, (ii) continued access to debt markets, with the utilization of pro-
ceeds from debt issuance monitored (perhaps by a multilateral agency) for specific deployment
toward containing the pandemic and its economic fallout. Within the context of our model,
even a myopic self-interested government will have some interest in containing the pandemic
and helping households survive — the fruits of that spending will be reaped within their horizon.
However, they have little interest in spending that has benefits outside that horizon, so they
will underspend relative to the socially desirable level, and access to borrowing will not help

them spend better. Therefore, some amount of monitoring of the targeted relief is warranted.
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6.3 Shocks in the boost steady state

In contrast to the model parameter configuration where a growth trap exists, a parameter con-
figuration which admits a boost state does not suffer long-run consequences of small or large
shocks. Mathematically, this arises because there is only one steady state in such a case; at any

starting endowment, the economy always converges to the unique (boost) steady state.

7 Conclusion

The key takeaway from our paper is that sovereign debt is a double-edged sword when govern-
ments are myopic and self-interested. When the economy is poor and has a low propensity to
save, access to debt can lead to a growth trap where the economy’s steady state is worse than
under debt autarky as successive governments adopt repressive policies to channel domestic
savings to government bonds. In other cases, however, access to debt can extend the horizon
of a myopic self-interested government, resulting in steady states that are the same as or even
better than autarky. When debt induces a growth trap, policy instruments such as debt ceilings
can be effective, provided there is adequate commitment to enforce them. Small endowment
shocks can release an economy from a growth trap; however, large adverse shocks can push an
economy that is not in a trap into one. Some of these interesting implications of our model are
worthy of further empirical investigation.

An interesting extension would be to endow the otherwise myopic and self-interested gov-
ernment with some regard for the current-period consumption of citizens, as might be the case
for economies with stronger institutions governing government behavior. While it is straightfor-
ward to formally state the revised objective function of the government, it turns out that solv-
ing for optimal government policy is rendered analytically far more complicated. The resulting
objective function need not satisfy concavity properties for a simple application of Bellman-
equation methods; this is because each government’s policy now depends explicitly on that of
future governments rather than just indirectly via the endowment state variable and the spend-
able function. Simplifying the problem and analyzing its solution properties could be a fruitful
area for future work.

Another extension could be to model the differences between economic and financial re-
pression, examine their relative benefits from the standpoint of a myopic self-interested govern-
ment, and understand their impact on debt and economic growth. Modeling these differences
might also help derive a wedge between domestic and foreign interest rates, which could well
affect outcomes.

Finally, in the presence of uncertainty, a myopic government would have to choose between
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issuing large quantities of risky debt, or smaller quantities of riskless debt, with differing impli-
cations for the lengthening of horizon and equilibrium costs of default. When the government
issues risky debt, the level of endowment in the future high-endowment states matters for the
government, and therefore it will have an extra incentive to boost growth by lowering tax rates.
This effect will be attenuated if the government issues safe debt. However, risky debt exposes
the economy in low-endowment states to costs of default as well as other adverse spillovers such
as the reduced ability of real and financial sectors to use government bonds as safe collateral.

There is clearly scope for more research analyzing such tradeoffs involving sovereign debt

when government is myopic and self-interested.
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Figure 2: Solution from the baseline model, with parameters f = 3k, r = 10%,
z =4, p =2.3and C = 1.0. “WTP” stands for willingness-to-pay region; “ATP” for the
ability-to-pay region; and “WTP & ATP” for the sliding region where both willingness-
to-pay and ability-to-pay constraints bind.
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(@) Simulated paths, trap case
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Figure 4: Simulated endowment paths for three different parameter sets. The model in panel
(a) exhibits two steady states, W and A. Endowment paths starting from low endowments
(solid lines) converge to steady state W (lower), whereas those starting from high endowments
(dashed lines) converge to steady state A (higher). The model in panel (b) exhibits only one
steady state (steady state A). All endowment paths converge to the same endowment regardless
of the starting endowment. The model in panel (c) exhibits only steady state W. Contrary to
other parameter configurations, steady state W in this case is at a higher endowment level than
the benchmark autarky case. All endowment paths converge to the same endowment regardless
of the starting endowment. Parameters used: f = 3k%, C =1, (@) r = 10%, p = 2.3, and
z2=4.(b) r=10%, p =2.5,andz=4. (¢c) r =1%, p =3.1,and z = 1.1.
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Figure 7: Growth traps, with and without access to foreign debt. (a) Growth trap
exists in both cases. (b) Growth trap exists only in the case without foreign debt
access. (c) Growth trap is worse in the case without foreign debt access. (d) Growth
trap is worse in the case with foreign debt access. Parameters: (top) f = 3k,
r =10%, z = 4, and C = 1.0. (bottom) f = 3k, r = 10%, p = 2.3, and C = 1.0.
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Model outcomes in various p and z, for different C

3.2

— C=1
=== C=1.1
—-= C=0.9

Benchmark

Figure 8: Model outcomes in terms of steady states, at different parameter configu-
rations. In the triangular area between the curved line and the horizontal line, boost
steady states occur; in the area below both lines, trap steady states occur; in the rest
of the areas, the model’s steady state is identical to the benchmark. Parameters used:
P, %, and C are varied, and f = 3k%, r = 3%, and C = 1.0.
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Figure 9: Tax policy of a myopic government facing a debt ceiling equal to 95% of the
debt amount taken at steady state W, D". In panel (a), the debt ceiling is placed on
a model which originally exhibited a growth trap. It can be seen that the debt ceiling
lowers the tax rate for the most part. In panel (b), the debt ceiling is placed on a
model which originally exhibited a growth boost. In this case, the debt ceiling raises
the tax rate uniformly. Parameters used: (a) f = 3k*®, r =10%, z =4, p = 2.3 and
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Minimum required debt relief

(a) Long-run endowments and minimum debt relief
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(c) Simulated tax rate path
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Figure 10: (a) Minimum required relief (left scale) and steady-state endowment (right
scale), as functions of debt ceiling. Simulated endowment (b) and tax rate (c) paths
after different levels of debt ceilings are placed on a trapped economy. In all figures,
The debt ceilings are expressed as % of the level of debt in steady state W, DY. Pa-
rameters used: f = 3k, r =10%, z = 4, p=23and C =1.0.
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Figure 11: Short- and long-run results of small (5% of original) and large (50% of original)
negative endowment shock , for economies in steady states W (growth trap) and A (autarky).
The shock is experienced shortly before the end of period 10. Panels (a) and (c) pertain to
economies initially in steady state W, whereas panels (b) and (d) pertain to those initially
in steady state A. All economies except the one initially in steady state A and experiencing a
small shock (panel (b)) go through a default in period 10. The following parameters are used:
f=3k%, r=4%,2=4.24,p=2.72and C = 1.0.




B Characterization of the Steady States

In Section 3, we have stated that the steady state has to fall in one of (i) ability-to-pay region,
(ii) willingness-to-pay region, and (iii) sliding region. We then derived necessary conditions

for a steady state in each of the three regions:

e’ = e (e t1); and 7/ (¢4) = 0. (steady state A)
de d

e =e (", t"); and 1Tr d—;r(ew, t") +zd—i(ew, t") +1/(t") = 0. (steady state W)

eS =e, (e5,t%);and T —C —z(1+r)s(e°, t5). (steady state S)

In addition, for steady states A and W, the other necessary condition is that they indeed fall

under the correct regions. That is,

Steady state A exists only if T** —C —zs(e?, t**) < 0, and (B.1)

eV, t") > 0. (B.2)

Steady state W exists only if 7**—C —zs(e", t

We show in Lemma C.6, via an application of the contraction-mapping theorem, that con-
ditions in (B.1) and (B.2) are not only necessary, but also sufficient for the existence of each of
the steady states, respectively.

o0

Finally, we prove in Lemma B.1 that because any endowment path {e;}°,

3.1) is a monotonic sequence, it must have a limit. Moreover, the limit must be one of the

(see Definition

steady states characterized above. In Lemma B.1 as well as Appendix C, we make use of the
intermediate function e*%*:

Definition B.1. Define the following function:

e’ (t) s.t. e (e, t)=e

_ (A—0)f(k(t)) = (A +r)k(t)

sat
=e (1) 1/k1—(1+7)

(B.3)

In intuitive terms, e**f(t) is the point towards which the economy “saturates” under the
given t: [lime, = e, (e, (---(es(e,t), ++),t),t) = 53 (¢t)]. It also follows that for a given t,
at e > €*4(t) the economy is “contracting” (e (e,t) < e), and at e < e**‘(t), the economy is
“growing” (e (e, t) >e).

Summarizing all arguments above, we have the following formal result:

Lemma B.1. Any endowment path {e;}°, is a monotone sequence (increasing or decreasing) and

has a limit. It follows that e, (eg) is always well-defined. Furthermore, e (eg) is always one of
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three possible steady states:

2

* (steady state A) Steady state is in the ability-to-pay constraint region (&4,00), and e** =

eA g esat(t**).

* (steady state W) Steady state is in the willingness-to-pay constraint region [0,é1), and

e = eV := 5 (tV) where

de d
tW =t such that pzd—t+ +2(1 —i—r)d—i +(1+r)r’ =0.

* (steady state S) The sliding region is a singleton set (¢' = 2), and the steady state is in

this set. In this case, the pair (e, t%) simultaneously solve

e=e,(et), and

0=1"—C—2z(1+r)s(e,t).

In general, in the case where there are multiple steady states in the model, e (eq) is not indepen-

dent of ey. In particular, eqo(e1) < exo () if €1 < €5

The proof is in the appendix. Notably, steady state S exists only when the sliding region is a
singleton set; this is because when it is of positive measure, the steady state within the region
is bound to be a saddle point.

Finally, in Lemma C.7 we discuss how six different parameter cases yield distinct combina-

tions of the above three steady states, which provide the basis for Proposition 3.1.

B.1 Savings parameter and growth traps

We showed in Proposition 3.1 that t" > t** is a necessary condition for a growth trap to
exists for lower endowments. In this section, we analyze the government incentives in the
willingness-to-pay region to show how p emerges as a critical parameter.

First, suppose that the economy is in the willingness-to-pay region. Government’s optimal

tax rate is chosen as the following:

1
t" := argmax [1 +r[5(e/)—f**+C +2zs(1+7)] —l—T(t)] :
t

Note that ¢’ = k[ 7(t) + (1+ r)e]. Differentiating, and collecting all terms except the last, we
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get

ds P / / 1 d
o T Lo 10+ T 1-0r (kO]
=pz

Whether t" is lower or higher than t** = argmax, tf (k(t)) depends on whether this expres-
sion, evaluated at t = t*™*, is positive or not. The two conflicting incentives for the myopic

government follow:

ds p

— (¢
de 1+4+r (t)
Incentive to lower taxes to boost growth to;gcrease next-period government’s spendable
1 d
— z| pk(t) + ———(1—1t)f (k(t
(oK (0 + 17 2, 1- O ()]

Incentive to repress investment with higher taxes to increase next-period government’s willingness-to-pay

In the equation above, we observe that (i) z enters linearly in both terms, so that when deter-
mining the sign of the expression, z is irrelevant; (ii) p enters as a quadratic term in the first
term (+ incentive to grow), and as a linear term in the second term (— incentive to grow).
This is because the savings parameter p influences both the marginal sensitivity of the future
endowment to current tax rate (%) and the marginal sensitivity of next period government’s
repayment capacity to endowment (‘é—i). For high enough p, the first term dominates and the
myopic government chooses an even lower tax rate than benchmark. For low enough p, the
second term dominates and the opposite occurs. In the proof of Proposition 3.2, we show that

the threshold savings parameter is equal to t%

B.2 Equilibrium quantities at the steady states

Below, we characterize the steady states that occur in the ability-to-pay (A) and the willingness-
to-pay (W) regions by providing expressions for the equilibrium quantities of debt and its com-

position as well as of government spending.

Lemma B.2. Suppose that the model parameters admit two steady states, depending on the start-
ing endowment eq. Consider a steady state where all subsequent governments choose the same
policies (t, D) with none defaulting. Then, equilibrium quantities chosen at the two steady states

can be derived as the following, where PV stands for the “present value of ”:

Steady state A. In the ability-to-pay region steady state, the tax rate is t** and the corresponding
endowment is e* = €59 (t**). The debt D*, its domestic and foreign components, and government

spending are:
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Hok

« D*= T = PV(future period tax revenue),

. DDom — s(eA, t**),
« DFOr = TT**—s(eA, t**), and

* Government spending = 0.

Steady state W. In the willingness-to-pay region steady state W, the tax rate is chosen at t" > t**
and the corresponding endowment is e = %% (tW) < e**. The debt DV, its domestic and foreign

components, and government spending are:

« PW _ T(tW)—[r*—C—z(1+1)s(eV ,t V)]
D" = r
° DDom — S(eW, tW),

T(tW)—[r*—C—z(1+1)s(eV ,t V)]

= NPV (future period tax revenue - spending),

o DFor = —s(e",tV), and

* Government spending = v**—C —z(1+r)s(e", V).

Interestingly, in the ability-to-pay region, the borrowing by the previous government leaves
the current government with no room to spend. In contrast, the government in the willingness-
to pay-region can spend T —C —z(1+r)s(e",t"). In steady state, all future governments
will act in the exact same way, collecting taxes 7(t") and spending **—C —z(1+r)s(e", t"V).
It follows that the debt capacity of the government in this steady state equals to the present

value of tax revenues, net of spending.
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Online Appendix To
Sovereign Debt and Economic Growth when
Government is Myopic and Self-interested

C Online Appendix: Proofs and Mathematical Analysis

Lemma C.1. Household’s optimization problem in (2.1) - (2.3) is associated with the following

first order conditions with respect to the four choice variabless:

ci 0:1+A; (C.1)
Ci
sit 0=A—(1+r)u; (C.2)
ki: 0=A—(1—t;)f (k;)u; and (C.3)
ein: 0=——1p. (C4)
€itr1

The system of FOC’s (C.1) - (C.4) is solved by the following set of decision functions:
—1(1+r
=
i=f s
c; =xo[(1+1)(e;—ki) + (1—1;)f (k;)], (C.5)
ei1 =K1[(1+1)(e;—k;i) + (1—t;)f (k;)], and
si = K1(e;—k;) —xo(1—¢;)f (k;); where

L ; and k =P
(I+p)(1+r) YT 140

Ko :=

Proof: Combining (C.2) and (C.3), we get the investment decision as a function of tax rate t; only:

()

Combining (C.1), (C.2), and (C.4), we obtain the following marginal condition between the next-

period endowment e; . and the current-period consumption c;:

1
——(1+r)-L
Ci €it1

e 1 =p(1+r1)c. (C.7)

Given our four equations (two each from resource constraints and FOC’s), we solve for the four



unknowns. c; can be solved by adding (2.3) to (1+r)x (2.2) and plugging in (C.7):

(I+r)e+A4r)5+(1+r)ki+ ey = (1+r)e;+ A48+ (1—t;)f (k)
=p(1+r)¢;

p(
=(1+r)(1+p)=(1+r)(e;—k) + (1 —t;)f (k)

1
(1+p)(1+ r)l[(l +r)(ei—ki) + (1—1t;)f (k).

:KO

=C; =

and k; is determined in (C.6). Similarly, we can derive conditions for e; and s;:

eiy1 =x1[(1+7)(e;—k;) + (1—¢t;)f (k;)], and
s; = Ky (e;— ki) —xo(1—t;)f (ki) u

In the following proofs, we make use of the following shorthand functions,

er(e,t) :=xy[(1+r)(e—k(t))+ (1—1)f (k(t))]; (C.8)
s(e,t) :=xy(e—k(t)) —xo(1—1t)f (k(t)); (C.9)
n(e, t):=(1—t)f (k(t))—(1+r)k(t), (C.10)

for the next-period endowment, financial savings, and private profit from investment respec-
tively, based on the current-period endowment e and tax rate t.

Proof of Proposition 2.2: It suffices to show that the mapping T implied by the Bellman
equation preserves monotonicity and concavity. In what follows, we denote F : R, — R as a
generic weakly increasing and concave function. In addition, we let e; and e, denote generic

real values of endowments where e; < e,, and t, t, the respective optimal tax rates.

Monotonicity. Observe first that both e (e, t) and s(e, t), defined respectively in (C.8) and
(C.9), are increasing in e. Next, note that

TF(ey) = max [F(ey(eg,t)) —max{0, 7" —C—z(1+r)s(ey, t)} +7(t)

1+r

= 1+r [F(ey (e, t1)) —max{0, 7" —C —z(1+r)s(ez, t1)}] + 7(t1)
> [P (e (er,t2)) ~max{0, 7' = C—(1+ r)s{en, e1)}] + 7(t2)
=TF(ey).



This proves the preservation of monotonicity under the mapping T'. [ ]

(i) Concavity. Take some (eq,t1), (e, t5) and a € (0,1). Let

eq = (1—a)e; + aey;

tyiey(eqty) =(1—a)ey (e, t1)+ae, (e, ty).
It is immediate that such a t, always exists. We prove the following lemma first:
Lemma C.2. For (e, tq), (ey,t), and (ey, t,) defined as above,

T(te) 2 (1=a)(ty) +az(tz);

s(eq te) = (1—a)s(ey, t1) + as(es, ta).

Proof: From the definition of t,, denoting k, := k(ty), fo := f(k(tg)), Sq := s(eq, ty), and

7, := 1(t,), and recognizing that by definition e, = (1—a)e; + ae,, it follows that

eq(eqte) = (1—a)e, (er,t1) +ae (e to)
=>(1—te)fa— (1+1)ke = (1—a)[(1—t1)fi— (1 +1)ki] + a[(1—t2)fo— (1 + 1)k,
=>7(ty) = (1—a)n(ty) +an(ta),

where 7 is defined in (C.10). From Lemma 1.1 in the Online Appendix, assumptions stated in

Definition 2.1 imply that

k(ty) < (1—a)k(ty) + ak(ty); (C.11)
T(ty) = (1—a)7(ty) +at(ty). (C.12)

In addition, from the definition of 7t in (C.10), we also have that

Te=(1—a)m +amn,
=>(1—tg)fa—(1+1)ke = (1—a)(1—t1)fi + a(1—t3)fo— (1+7)((1—a)ks + aky)
>(1—ty)fa=1=a)A=-t1)fita(l—tz)fo=(1+1)((1-a)k; +aky—k,)

7/

~~

>0

:>(1_ta)fa < (1_a)(1_t1)f1 +a(1_t2)f2:

which leads to

Sa = Kl(ea_ka)_KO(l_ta)fa



> (1—a)s; + as,. [ |
To show that concavity is preserved under T, we need to show that
TF(eq) = (1—a)TF(e;) +aTF(ey).
First, by the definition of t, and the concavity of F,

e (egty) =(1—a)e (eg,t1) + ae (e, ts) (.- Construction of t,)

=F(e4(eas ta)) = (1=a)F (e (e1,t1)) + aF (e ez, 1)) (C.13)
Second, since max(x,y) + max(a,b) > max(x +a,x + b), we have

(1—a)max{0,T™* —Cz(1+r)s;} + amax{0, ™ — Cz(1 4 r)sy}
>max{0, 7" —C—z(1+r)[(1—a)s; + as,]}

>max{0, 7" —C —z(1+r)s,}. (C.14)
Then,

TF(ey) =max - i . [F(ey(eq,t))—max{0, 7 —=C—2z(1+4r)s(eq t)}] +7(t)
>%[F(e+( e ty)) —max{0, v — C—z(1 + r)s(eq ta)}] + 7(ta)
>(1—a)TF(e;)+ aTF(ey),

where the last step comes from the combination of (C.13), (C.14), and (C.12). [ |

(ii) (Binding constraints). We prove the following logically equivalent statement: let e; < e,.
If at e; the ability-to-pay constraint is binding, that so it must at e, also. If instead at e, the
willingness-to-pay binds, then so it must at e; also.
Proof: Firstlet us set forth the associated first-order conditions (FOC’s). If at e the ability-to-pay
constraint is binding, then the following FOC is satisfied:

de+ ds

?E—F(l—FT‘) ():0

e

ds T/(t)
@E—f‘(lir)ﬂ_/(tl

:=FOcability (¢,t)

=0.




If instead at e the willingness constraint is binding, then the following FOC is satisfied:

d€+ ds ds ’

—_ 1 — 1 t)=0
T g TEHr) o+ (14r)T(t)
~—~—

=r'(t)

s'(t) T'(t)
(RN

-=FQCWwillingness (e,t)

:>d—s+z(1+r) =0.

de

q

k\_/

Since s’ > 0 and 7’ < 0, it follows that FOC"ilingness (¢ t) < FOCPUILY (¢ t) always.
If both are binding, then it must be that **—C —z(1+r)s = 0 and

FOCability(e, t) >0, and
FocwillingneSS(e t) <0.

as increasing t by dt would enter the region where only the ability-to-pay constraint is binding
(" —C—2(1+r)s < 0) and increase the objective function by n’FOCitY (e, t)dt. Since
n’ < 0 and dt > 0, FOC®itY must be greater than 0 for this not to be a perturbation that
increases the objective function. Similar argument applies in the opposite direction (dt < 0)
for FOCwillingness,

We then prove the following lemma:

Lemma C.3. Both FOC®!itY (¢ t) and FOCW!ingness (¢ t) are (weakly) decreasing in e and

(strictly) increasing in t.

Proof: For FOCitY (¢, t), observe that e, (e, t) is increasing in e and decreasing in t. Com-
bined with the fact that S is concave, it follows that dS /de is decreasing in e and increasing in t.
From the assumptions stated in Definition 2.1, % is increasing in t. This proves the properties
for FOCAPUILY (¢, ).
For FOC™ilingness (¢ ) it only remains to be proved that fr—/, is increasing in t as the function
is independent of e. Notice that since 1 = (1—t)f —(1+r)k ands = ky(e—k) —ko(1—1t)f,
s' —kik'—xko(n' + (14 1r)k')

T’ 4

/

k
= —[Kk +Ko(1 +’”)]P—Ko-

/

Since % is assumed to be decreasing in t in Definition 2.1, this proves the properties for

Focwillingness(e, t). m



Now, consider the first case where at e; the ability-to-pay constraint is binding and suppose

per contra that at e, the ability-to-pay constraint is non-binding. This implies that

T*—C—2z(1+71)s(e,t1) <0, and
T*—C—2(1471)s(ey, ty) > 0.

Observe that since s is increasing in both e and ¢,

T —C—z(1+7)s(ey, ty) >0=1*—=C—2(1+71)s(er, tq)
=z(14r1)s(eq, ty) <z(1+71)s(eq, tq)
=z(1+r)s(eq,ty) <z(1+71)s(eq,tq)

=t > to.

At e, the FOC should be met, which implies that FOC®!i%Y (¢; t;) = 0 and accordingly
FOCWilingness (o) 't < 0. Atey, FOCWillingness (e, t,) = 0 and accordingly FOC®UitY (ey, t,) >

0. Comparing FOC?itY evaluated at different parameters,
FOC®HY (o) t,) >0 = FOCWULY (¢, 1) > FOCWUY (¢ t1) =ty > 15,

leading to a contradiction. The proof of the second case is a mirror image. [ ]

(iii) (Continuity).By the theorem of the maximum, we only have to prove that for each e, there
is a unique t that maximizes the objective function. First observe that, since s(e, t) is concave
in t, the penalty function —max{0, -} is concave in t. Next, Let e be an arbitrary number and
consider t; < t, and suppose per contra that t; and t, both achieve the maximum. Consider
an arbitrary a € (0,1) and pick t, as in Lemma C.2. By the stated lemma and the fact that S is

concave, we know respectively that

T(ty) = (1—a)7(t;) +at(ty), and
S(e'(ta,€)) = (1—a)S(e(t,€)) + asS(e(ta,¢)).

Since this holds true for any arbitrary a, by picking t, we should achieve a larger objective

function. The claim is then proved by contradiction. [ |

t(e) increasing in [0,2!]: Suppose not, and suppose that e; < e, and t; > t,. This creates the

following contradiction:

0= Focwillingness(tl,el) > Focwillingness(tl’ ez) > Focwillingness(tzjez) —=0.

6



t(e) decreasing in [e!,22]: In this region, the optimal t is such that 7**— C —z(1+r)s = 0.
The proof follows from the fact that s is increasing in both e and t.
t(e) increasing in [e2, 00]: Suppose not, and suppose that e; < e, and t; > t,. This creates

the following contradiction:
0 = FOCULY (1 e1) > FOCWULY () e)) > FOCWULY (£, e,) = 0.

(iv) (Asymptotics). We first prove that S(e) is bounded. First observe that, since max{0, T** —

C—zs(1+4r1) >0, S(e) is bounded from above by an alternative value function S(e)

1
X
t 1+r

S(e’)+(t)

for which the solution is simply S = 77** Therefore, we conclude that S(e) < TT** Ve. Combined
with the fact that S (e) is weakly increasing and concave in e, we have that S’(e) — 0 ase — oo.

Note, then, at sufficiently high e, the optimal t = argmax, 11=S(e’) + 7(t) = t**. [ |

Proof of Lemma B.1: In order to prove this lemma, we prove Lemmas C.4 - C.6 first.

Lemma C.4. Any endowment path {ei}?zo is a monotone sequence (increasing or decreasing).
This immediately implies that any growth path has a limit, and it must be a fixed point of the

policy function h(e) := e, (e, t(e)).

Proof: It suffices to prove that h(e) is a monotonic increasing function, because e; < e; 1 =
h(e;) would imply that e; 5 = h(e;11) > h(e;) = e; 41, which leads by induction that e;; > e;
for Vj > i. We have proved in Proposition 2.2 that there are three regions to consider: [0, él],
[é1,62], and [¢2, 0o0]. We prove piecewise monotonicity in each of these regions, which suffices
for overall monotonicity given the continuity of t(e) proved in Proposition 2.2. Recall from

(C.8) that e (e, t) is increasing in e and decreasing in t.

e (Region 1) Take e; < ey, e1,e5 € [0,2!] and suppose per contra h(e;) > h(e,). This must
imply that t; < t,. Note that FOC"!ing&"ess myst be met at both points and recall that

both ;:—I, and % are strictly increasing in t (Lemma C.3). This leads to

ds

0=—

de

ds

< R

de lh(e;) n'(ty)
<48 s'(t2)

~ delh(ey) ' (ty) ' (ty)

s'(ty) T'(ty)
wen T2 0

~—

( tl < tz)

(. h(e;) > h(ey) and concavity of S)



=0.

which is a contradiction.

¢ (Region 2) Take e; < ey, e1,e; € [¢1,22]. We have proved in Proposition 2.2 that t; > t,
in this region. Therefore h(e;) < h(e,) immediately follows.

* (Region 3) This part is similar to region 1. ]

Lemma C.4 allows us limit the analysis of only the fixed points of the policy function h(e).
Essentially, these are steady states defined in Definition 3.1 plus the saddle fixed points. Saddle
fixed points are limiting endowments of a measure zero starting endowment - only if it starts
at that exact point - and therefore we exclude them from our analysis.

Next we characterize all possible steady states. Recall that e**‘(t) is defined in (B.3). In

addition, we define an additional auxiliary function eabil (t) in (C.15):

Definition C.1. Define the following function:

eabil(t) =e S.t. T**_C_Z(]."_r)s(e, t) =0

1=0f k(1)) ==
p+r) aa(l4r)

= (1) = k(t) + ; and, (C.15)

In intuitive terms, for any given t, 2?1l (t) is the boundary endowment at which both constraints
are binding (t™*—C —z(1+r)s(e, t) = 0).

Lemma C.5. e* must satisfy one of the following:

* (Steady state W) &% € [O,él) and is characterized by

d
tW:=t such that p%z —|—z(1+r)§+(1+r)'r’:0; (C.16)

dt
ess — esat(tW)'

e (Steady state A) % € (&2, 00) and is characterized by €% = e3¢ (t**).

* (Steady state S) e* = ¢! = &2, and is characterized by t* such that e* = eab”(t”) =
esat ( tSS)

A A

Proof: Itis straightforward to see that e** must belong in one of the three regions [0, é
(é2,00). We first prove that in the interior in the region ([0,é')) and region ((&?

1)’ [ 1,é2]’
s

é
©0)), the



fixed points must take the aforementioned form. Suppose that e € [0,é!). Then, in the

neighborhood of e**, the Bellman equation is

S = max
t 14r

[S(e') — 7 4+ C+2zs(1+ r)] +17(t).

From the envelope condition, we get that ‘}1—‘3 = pz. Then, the optimal t can be derived by
solving the following isolated equation:

d d
pﬁz-l—z(l—l—r)—s—k(l—}—r)’r’:O. (C.17)

dt dt

Finally, since e** must be a fixed point, it follows that e* = ¢3¢ (¢t"') where t" is the solution

to (C.17). The steady-state endowment in the region ((éz,

00)) can be obtained similarly.

Next, we prove that if &} < é2, then e* cannot belong to the middle region ([é!,é?]).
We prove that in order for a fixed point t% : e@i (%) — %2 (+55) = 0 to be a stable point,
(ft abil (t) —%esat(t) must be non- posmve at t**. Suppose per contra that 3 d -eabil(¢) —dies‘“(t) >

t
0. Note that in a small neighborhood of e**, the two functions can be approx1mated as

. d . d . -1
eabll(t) — 5 & Eeabll(t)(t_tSS) . eabil_l(e) — —l—(aeabll(t)) (e_eSS);

() = ¢ e ()= 1) B e (e) = 154 (e (1)) (o)
Note that in this neighborhood e < ¥ = el (e) > e\ (e).

Suppose now WLOG?® that in the left neighborhood of €%, the optimal policy is sliding
between the two constraints, i.e., t(e) = egp; '(e). Consider e in this neighborhood e €
(e —€,€%) and consider e , (e, t(e)). By definition of e’ e, (e, t) < eifand onlyif t > e_} (e).
Therefore, it follows that e, (e, t(e)) = e, (e, eqpi ' (e)) < e. Since this applies to all elements
of the left neighborhood of e**, combined with the fact from Lemma C.4 h(e) is a monotonic
increasing function, that endowment paths are it follows that e can never converge to e*.
Therefore, e & [¢1,62] if ! < &2.

We next prove that the derivative condition e®"(t)—£e*(t) < 0 is impossible. Re-
call that e (t) —e%t(t) = apym(t) +ok(t) + 25 where v, and )5 are positive. By the
definition of %%,

SS

Y17 (t%) + Yok (t%) +D = 0= Y (t*)+k(t*) <0=> ¢, < —wz%, so that

26without loss of generality



d abil [ ;ss\ __ d Sat (,ss\ __ /(4SS /(4SS
k(tss) /(4SS /(8s R
>—¢2n(tss)“(t )+ ok (£7). (o' <0)

Note that

o' (%) K'(t%)

k(tss)
ﬂ(tss) + k(tss)

ﬂ(tss)

—y ' (%) + Yk’ (t¥) > 0 = — >0 C g,k >0)

SS SS
- — =
= tlog(n(t )+ tlog(k(t )) =0

d k(tss)
< Elog(n(tw)) =0
d k(tss)
de n(es) =

<«

t
( is weakly increasing.
m(t)
Therefore, the assumption that % is weakly increasing (it is constant for power production

function) is a sufficient condition for any fixed point in [¢1, 2] not to be a stable fixed point. m

Lemma C.6. The following facts are true:

1. Steady state W (% € [0,81)) exists if and only if e®PL(tW) > et (¢W).
2. Steady state A (e € (&2, 00)) exists if and only if e®Pl (£**) < eS¢ (¢**).

3. If either of conditions A and B are met, then é' < &2 almost always, implying that steady

state S cannot exist.

4. If neither of conditions A and B are met, then &' = &2 and the only steady state is steady

state S: €55 = el = ¢2.

Proof: The proof follows four steps A-D below.

1. The “only if” part is proved in Lemma C.5. To show the “if” part, recall the Bellman

equation

—

S(e) = max [ [S(e’)—max{O,T**—C—zs(l—l—r)}]—i—r(t)] (C.18)

1471
st e =xq[(1+r)(e—k(t)) +(1—0)f (k(¢))],

10



s=rKy(e—k(t))—xo(1—t)f (k(t)), and
ko) =" (520

1—t

Now conjecture that S(e) = a+ fBe and t(e) = tV Ve < e®(tV). It can be verified that

the conjecture is correct if

1
a= +r—r(r**—C), and
r
B = pz.

owing to the fact that e’(e, t") < e (tW) if e < e®®(¢t") and thus the ability-to-pay

constraint is never binding in this region.

2. Similar to 1., we can verify a conjectured partial solution S(e) = 1% and t(e) = t**
Ve > (), owing to the fact that e’ (e, t**) > e (t*) if e < 2P (¢**) and thus the

willingness-to-pay constraint is never binding in this region.

3. Suppose per contra that steady state A exists, and that &' = 2. Note that steady state
W cannot exist as it would directly violate the continuity of t(e) proved in Proposition
2.2. Now suppose that it does not, and consider an endowment e arbitarily lower than
é'. Because steady state W does not exist, the next-period endowment must be over &2,
at which point the spendables function S is a constant value. Note that this would imply

the optimal tax rate t to be the solution of:

t:argmax[ [S(e’)—T**+C+zs(1+r)}]+r(t)] (re<eél)
t

1+r
= argmax|[zs(e, t) + 7 (t)] (- S(e’) is constant)
t

which is almost surely different from t** := argmax 7 (t). This violates the continuity of

t(e). The proof of the case where steady state W exists is a mirror image. [ |

4. This immediately follows from Lemma C.5. [ ]

Proof of Proposition 3.1: The following corollary of Lemma C.6 is a sufficient condition for

the proposition:

Lemma C.7. We analyze six different parameter cases, which span all possible cases due to the
fact that @ (1) > %% (1) always, and the single-crossing properties implied by the assumptions
in Definition 2.1. [Refer to Figs. 1-4 of the Online Appendix for the solution characteristics for

each of the six cases. |

11



e Case A. t* < tV, and

— Al. (Benchmark) e** (t) > e (t) for both t** and t": Regardless of the starting

endowment e, the economy converges to e’ (Veo, ecoley) = e’g’g).

- A2. (Trap) e’ (t) < e (t) for both t** and t" : Regardless of ey, the economy con-

verges to the same point lower than the benchmark limit (Veo, eco (eo) = €54 (tW) <

et )
=)
- A3. (Trap or Benchmark) e%t (t**) > e () and e (tV) < e (tW): There is

abil

a unique crossing point for the two functions e*** and e**", say &,. Then,

SU(tY)  ifeg <&, and

coo(0) = e ifeg=>¢€
oo 0 = CA-

e CaseB. t** > t", and

— BI1. (Benchmark) e (t) > e%?!(t) for both t** and t": Regardless of e, the econ-
omy converges to e%% (Veg, oo (eg) =€),

— B2. (Boost) e (t) < e (t) for both t** and t"': Regardless of e, the economy con-
verges to the same point higher than the benchmark limit (Veq, eco (o) = e (t") >

ej;’g).

- B3. (Boost) e (t*) < e (™) and e (tV) > e (tW): There is a unique

crossing point for the two functions €%t and e

, say eg. Then, regardless of eg, the
economy converges to eég which is higher than the benchmark limit (Veo, ecol€y) =

ég > ejfg). Also, it is only at this singleton point that both constraints are binding.

Proof of Proposition 3.2: Note that t" maximizes

" = argmax pz () = zlkak(t) £ ko (1= Of (K(O) +7(). (€19
Note that
pzlilrn(t) —z[Kk1k(t) +xo(1—1t)f (k(t))] +7(t) =7(t) _Z(;f;n(t) +k(t))

Since by assumption 7t and k are convex, and T is concave, expression in (C.19) is concave.
This implies that t" > t** if and only if the FOC at t** is positive. This translates to

P2ZKy

= rﬂ/(t**) —zK k' () + zx0f (k(™)) —2x0(1 + )K" () + 7/ (t**) > 0, (C.20)

12



It is sufficient to derive conditions for (C.20) to hold. Using 7' (t) = —f (k) as well as

(tf (k(£))) e =0
= £ (k()) + tf (k)K' (%) = 0

= F (K(1%)) =tk (1),

we can simplify the expression in (C.20) as the following:

PERY /(%) — 21, K () + 2100 f (K (7)) — 2100 (1 4+ 1)K (67%) + 7/ (£) > 0

1+r
1+r 1471
@ZKo[pzt**m —p(l —+ T") — t**m — (1 + T'):|k/(t**) >0
+r 2
:>ZK‘01_t**[t**p —(1-t")p—1]<o0.

The characteristic quadratic equation has two roots:

(1=e™) /(1= )2 + 4t) :{ 1 }

—, -1
21—**

t**
Since p > 0, the second root is economically irrelevant and therefore we get that

w

1
t" >t o p< |

t**
Proof of Proposition 3.3: First, we prove that t** < 1. Recall that t™* = argmax, 7(t) and
7(t) = 0. Since 7(1) = 0 always, it cannot be the case that 1 = argmax, 7(t). Therefore,
t** < 1. Further, t** does not vary with p.

Next, we prove that for any t < 1, 3p such that e®® () < %% (t). Recall that

pabil (1) (1—t)f (k(t)) T —C
(¢) =k(t) + Y +Z(%)(1+r)
(1—t)f (k(t))— (L +r)k(t )

esat(t) — 5

=—r
o)

, and

Note that for t <1, (1—¢)f (k(t))— (14 r)k(t) > 0, and that keeping all else equal, e***(t)
is monotonically increasing in p, reaching infinity as p — %, whereas 2’ is monotonically
decreasing in p. It follows that for any given t < 1, there must exist a threshold p(t) < % such
that e (t) > et (t).

Finally, it suffices to consider the case where p > t%, under which case t" < t**. Notice

13



that due to the single-crossing properties of %l and €5, eS¢ (t**) > @il () = 32t (W) >
e (W) in this case. Given that t** does not vary with p, it follows that for p > g = p(t**),
32 (t) > ebil(t) for both t** and t". From Lemma C.7, this implies that model outcomes are

either Al or B1, where endowments always converge to the benchmark steady state. [ |

Proof of Proposition 5.3: The formal problem is stated for the general case in Lemma C.8:

Lemma C.8. Conditional on not defaulting, government’s actions are independent of past govern-
ment debt ceilings and legacy debt. Suppose that the debt ceiling that the government in period i
faces is D;, Yi € Z . Then, the current government’s problem can be summarized as solving the

following Bellman equation:

- 1 - -
S(e;Dg,Dy,...) = max [min[1 n (S(e; Dy, Dy, ...) —max{0, 7™ — C—zs(1+r)}), Dy | —I—T(l’)]
r

(C.21)
st e = [(T+r)(e—k(t))+(1—t)f (k(t))],
s =Ky(e—k(t)) —ro(1—1)f (k(t)), and
k(t) :f/—1(1—|—r).

1—t

Then, similarly to Lemma 2.1, the decision rule encompassing default for government i which
has inherited an economy with endowment e;, legacy debt D;_;, and legacy domestic debt Dl.D_ o
can be characterized as the following. For the sake of brevity, we use the notation S;(-) :=
S(-;D;,Di41,-..) and t;(+) :==t(- ;D;, Dy 1,...).

1. If S;(e;) — (1 +r)D;_; < 0O, the government cannot pay back the legacy debt and defaults.

Upon default, it enters autarky and charges autarkic tax rate t**.

2. IfS;(e;) — (1 +r)Dj_; < T**—C —z(1+r)DP°™, the government potentially can pay back

i—1 7
the legacy debt, but finds defaulting more advantageous. In other words it strategically

defaults, enters autarky, and charges the autarkic tax rate t**.

3. If neither of the above two conditions apply, then the government pays back the legacy debt,
charges tax t;(e;) and issues S;(e;) — 7 (t;(e;)) amount of debt. Total spending of the gov-
ernment is S;(e;) — (1 +r)D;_1.

The flat debt ceiling case corresponds to setting D; = D Vi. Let us first prove that the
mapping T(D):

F — T(D)F = max

ax T min[F(e’) —max{0, 7" —C—zs(1+ r)},D] +7(t),

14



is monotonic:

F<G Ve=TF<TG Ve; and (C.22)
D'<D?*= T(D')F < T(D*)F Ve. (C.23)

In the interest of brevity, let us define:

TY(D)F := min[F(e’) —max{0, T — C —zs(1 + r)},D] +r(t),

so that T(D) = max, T*(D). Note that fixing ¢, T* is a monotonic transformation: F > G =
T'F > T!G, D! < D?= T(D')F < T(D?)F. Next, we prove (C.22) and (C.23).

Proof of (C.22). Suppose per contra that for some e, TF > TG. Let the associated tax rates be

tr and tg;. This leads to the following contradiction:

T'*F(e) > T'9G(e) (by assumption)
> T G(e) (. optimality of tg)
> T F(e). (monotonicity of TY)

Proof of (C.23). Similarly, suppose per contra that T(D!)F > T(D?)F for some e. Let the

associated tax rates be t; and t;. This leads to the following contradiction:

TH(DY)F(e) > T*(D?)F (e) (by assumption)
> T (D?)F(e) (.- optimality of ts)
> T (DY)F(e). (monotonicity of T*)

Now consider two generic value functions S := S(+; Dy, ..., Di, ...)and 8% :=S(+; Dy,..., D,%, cen)
where the debt ceiling is different for only one period i = n, and suppose WLOG that Di < Dr%.
Note that

[

sl — ( | T(Di))T(D;)an, and

=S

: ~
[l
_

s2— ( T(Di))ub,%)s"“;

,.
Il
—

where ST 1= §(; D,y1,D,5,...). Note that from (C.23),
1. m/Rlyen+l ~2\on+l . o2
Sl:=T(Dl)s"! < T(D?)s"+! =: 52,

n

15



Then, by successive application of (C.22) fori =1,...,n—1, we derive that S < §2. [ ]

Proof of Proposition 5.4: First note that in this special case the Bellman equation takes the

following form:

S(e;D) = max [%ﬂmin[S(e’;D)—max{O,T**—C—zs(l-|—r)},D]—|—r(t)] (C.24)
sit. e/ =wr[(T+r)(e—k(t))+ (1—1t)f (k(t))],
s =x1(e—k(t))—ro(1—1t)f (k(t)), and

k(¢) :f"l(ll—f:).

It follows similarly to Lemma C.6 that there are only two possible steady states, A and W,
which must satisfy conditions specified in Lemma C.5. What remains to be proved is that the
necessary and sufficient condition for the willingness-to-pay region steady state W to exist is
that D > D for some D.

Let us conjecture that D = D" defined in Lemma B.2, and suppose first that D > D". Note
that in steady state W, the current and all future governments on the equilibrium path take on
the debt of amount D" which is below the debt ceiling. Using this logic, we can verify that
a conjectured partial solution S(e; D) = S(e) Ve < é! solves the Bellman equation in (C.24),
similarly to Lemma C.6. By the uniqueness of the solution, this proves that D > D" does not
alter the behavior of the model economy for e < é1.

Now suppose instead that dD < D". We know that if the steady state were to exist, the
tax rate must satify (C.16), and that ¥ = ¢ (t"). We then verify the impossibility of the
existence by observing the fact that at (e%, t"), the optimality condition is violated because of
the debt ceiling binding.

It can be seen that once the debt ceiling starts binding, the marginal sensitivity of the first
term (min{-, D) to the tax rate is zero. Therefore, the government’s choice of tax rate in this case
would be t**. Therefore, if steady state W is removed, the only steady state that can survive is
et = St (%), [ |

One way to see this intuitively is to analyze the marginal incentives for a myopic government
in the short run. Recall the original Bellman equation and suppose for simplicity that e is in the

willingness-to-pay region:

1

t(e) = argmax 7 r[S(e/)—T** +C+z(1+ r)s] +7(t).

Recall that the myopic governments’ optimal taxation was chosen by trading off the incentive

/
to boost (%Z_ﬁ < 0) and to repress (% > 0). We consider two cases:

16



* The debt ceiling is imposed only on the current government. In this case, the problem is

changed to

1 _
t(e) = argmax n [min{S(e’) — T+ C+z(1+ r)s,D}] + 7(t).
t r
If D is low enough so that S(e’) —t** + C 4+ z(1 + r)s is greater than or equal to D, then
the government’s marginal incentives to both boost or repress disappear. Therefore, the

government would simply choose t = t** that maximizes 7(t).

* The debt ceiling is imposed on all future governments but not on the current government.

In this case, the problem is changed to

1 _
t(e) = argmax - [S(e/;D)—T**+C+Z(1—|—r)s]—|—’c'(t).
t r
The incentive to repress remains unchanged; however, because S(e’) is constrained by D
in some states of the world, the incentive to boost is lower. Therefore, the government

engages in even higher repression than without debt ceiling.

Given that a flat ceiling is a combination of the debt ceiling now and a debt ceiling starting
tomorrow for ever, it follows that a debt ceiling either moves the tax rate to the benchmark tax
rate t**, or induces the government to repress even more. It follows that if t** < t", then the
debt ceiling could improve the steady state by achieving the benchmark steady state instead.
On the other hand if t** > ", then the debt ceiling always hurts when it is binding.

Proof of Proposition 5.5: In a steady state, the government defaults if and only if the new
government spendings under the debt restructuring scheme, (S(e";D) — (14 r)(1— A)Dzvl),
is lower than the original spending (7** —C —z(1+r)s(e",t")), the expression for which is

derived in Lemma B.2. Observe that

S(e";D)—(14+r)(1—=A)DY, = v —C—z(1+r1)s(e", ")
S(eV;D)—[t* —C—z(1+r)s(eV,tV)]

>{1-2)< (1+r)DY,
:AZ1_S(eW;D)—[T**—C—z(l—i—r)s(ew,tw)] . .
(1+r)DY,

Proof of Proposition 5.6: First observe that for all endowment paths starting from the trap
endowment, the debt ceiling is binding. Therefore, there are only three possible choices of tax
rate: choose tax rate such that either (i) S(e’; D) —7** +C +2s(1+r) =D, (ii) S(¢’;D) =D
or (iii) S(¢/;D) —1t* 4+ C+2s(1+r)>D and 1’'(t) = 0.

17



We show that in all possible cases, t(e; D) is weakly decreasing in D, having e fixed. Observe

that using the envelope theorem - given that the debt ceiling is binding — yields

Using this, and supposing D! < D?, we assess the property in each case:

[@D]

2S(e;D)

3D < 1.

1. S(e/;D)—1™ + C+2s(1+r)—D = 0. Note that the LHS is decreasing in D, and there-

fore t has to increase the LHS to counteract. The LHS is decreasing in t implying that t

should be decreasing as D is decreasing.

2. S(e’;D)—D = 0. This case is similar to case (i) above.

3. S(e/;D)—1** 4+ C +2s(1+r) > D and 7/(t) = 0. In this case t = t** and therefore the

stated condition that t(e; D) is weakly decreasing condition in D is preserved. [ |

Proof of Proposition E.1: The partial derivatives of S and e in the two steady states were

proved in Lemma C.6. For the savings parameter p, notice first that an application of envelope

theorem on the Bellman equation in (2.17) yields, in steady state W:

s 1 .8s ar* o )
- [ L 2]

% 141 %_ op op
as 1 0
=>——= +rz—s(1+r)>0
op r 9dp
It follows similarly that at steady state A, g—z

cation of envelope theorem yields, in steady state W:

+z2——(14+7r)}]+ ot

05 _ 1 185 ot os

o¢ 1+r-d¢ ¢ 9¢ 3¢
LT a_s_zﬁ(lﬂ)_ 1 3T**+3T(t)
1+rd¢p ~d¢ 1+r d¢ ¢
r ds Js 1
—— —3— (1 _ ok
STor0¢ 3 Lt [1—|—rT T(t)]
0
<

= 0. For the productivity parameter ¢, an appli-

Now notice that since T** = max, 7(s) > 7(t), the second term [%ﬂr** —T(t)] > 0 for

sufficiently low r. The partial derivative in steady state A g—; > 0 follows similarly. [ |
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D Robustness

D.1 Longer debt maturity

In our model, all government debt is short-term, maturing in the next period. In this section,
we show that this assumption is immaterial to the main results of our paper. Intuitively, what
matters regardless of the maturity of the debt is the net debt service. So long as the government
can issue or buy back debt up to its riskless debt capacity, the net debt service will remain the
same, regardless of the maturity of the debt issued.

To see this, assume that the government issues perpetual bonds which it can buy back or
sell at the market price as warranted. Let us define D; as the stock of perpetual debt that gov-
ernment i owes to the public at the end of period i. Now consider the next-period government’s

constraints. The government should be able to pay back the interest on debt stock:
rD; < Sitq

The government should also be willing to repay:

~

Sit1—rD; > T —(C —|—zDiD°m(1+r))

revenues in autarky

net spending on no default spending to clean up default

=>rD; <S; 1 +zs5;(1+r)+C—1™

Note that a household wanting to save s; amount of wealth will hold that amount of domestic
perpetuities, and sell it off at the next period. Combining the expressions above, assuming the

myopic government maximizes borrowing,
rD; = S; 1 —max{0,7"*—C—zs;(1+71)}
Now, the spendable amount S; ;4 is:

Sitv1= ([Dip1—D;) + 7(ti1q)
~—— ——

additional debt raised  tax collected
Let us define S! := S; + D;_; = D; + 7(t;) and recursively formulate this problem on S’.

Plugging this into the above equation, we get

rD; =S, —D;—max{0, 7" —C —zs;(1+r)}

=(1+r)D; =S/, ; —max{0,7* —C—zs;(1+r)}
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1
=S = 1—+r[51{+1 —max{0, 7" —C —zs;(1+ r)}] + 7(t;)
Therefore, we have the exact same form of recursion as in our base model. Long-term debt is
identical to short-term debt as the government can always buy back and re-issue the bonds and
given there is no default in equilibrium the price of debt remains unaffected. It follows that the
endowment/tax rate paths are identical under this setup. Put differently, nothing hinges on the

assumption that the government issues only short-term debt, it can issue debt of any maturity.

D.2 Productive government investment

We have assumed in the baseline model that the self-interested government simply spends on
current wasteful projects. What if it has access to a productive technology which yields a cash
flow of g(I) for the government in the next period, in return for today’s investment I? This
is best thought of as investment in a state-owned steel plant or a toll road or climate change
mitigation. We assume that the investment is made in the beginning of the current period,
when the government undertakes other spending, and the return of the investment is at the
beginning of the next period - this captures the notion that public projects are typically long
term. We assume that the government technology g satisfies Inada conditions, i.e., g’(0) — oo,
g’>0,g"<o0.

Since g(I) is generated only in the next period, the myopic current government does not
enjoy the future cash flow per se. However, non-zero investment may still be in the government’s
incentive if it increases its debt capacity. Interestingly, the government will invest if it is in the
ability-to-pay region, but not necessarily if it is in the willingness-to-pay region.

To see this, suppose for simplicity that the next period government’s total surplus is S, not
including the revenue from the long term investment, and the option to invest in technology g
is only available to the current government. Note that the next-period government’s ability-to-
pay constraint, with respect to the current government’s debt issuance D and investment I is
now :

D(1+r)<S+g(I)=D<

1+r(5+g([)). (D.1)

Clearly, if the next-period government is constrained by the ability to pay, an investment in
government technology I increases the debt capacity of the current government by ILH g(I).

In contrast, the next-period government’s willingness-to-pay constraint is:

S+g(I)—D(1+r)>1v* —default cost + g(I) (D.2)

1
=D < ———|S— 1™ + default cost | . D.3
(1—|—r)[ ] (D.3)
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Interestingly, if the next-period government is constrained by the willingness to pay, invest-
ment does not help the current government’s debt capacity at all. Although the incremental
cash flow g(I) increases the net spending by the future government in case it honors the legacy
debt, it also increases its net spending in the default state by exactly the same amount. The
two effects offset each other in determining the willingness to pay constraint, so that the debt
capacity is left unchanged by long-term investments.

We illustrate this in Fig. 12. The corresponding formal result is summarized in the following

Lemma:

Lemma D.1. The government’s problem, with access to a technology that for investment I generates
cash flow g(I) acrruing to the next-period government, is characterized by the following Bellman

equation:

1
S(e) = max [?[S(e’) +min{g(I),C +2s(1+7r)—7*}]+ T(t)] —1I.
t, r
The optimal investment function I(e) has the following property: Hééc s < égc f such that Ve <
éécf, I(e) =0, and Ve > éécf’ I(e) = I** := argmax; [ g (i) —i]. In other words, governments
in economies with low endowments may not see any value in spending productively, even if the

technology exists.

Proof: First, note that since g(I) is concave, the optimal I is always smaller or equal to I**. We
then consider the two limits of the endowment.

Consider e — 0. For sufficiently smalle, C 4+2s(1+r)—1** < 0, implying that min{g (1), C +
zs(1+r)—1"} =CHzs(1+r)—1" VI = 0. In this case, the dependence of the objective
function on I only comes from the —I term. Therefore, the maximum is achieved at I = O,
regardless of other values.

Then consider e — oo. For sufficiently large e, C + zs(1 +r) — ™ > g(I**), implying that
min{g(I),C +2zs(1+r)—1"} = g(I) VI € [0,I"*]. In this case, the optimization problem is
separable for I, i.e., I(e) = argmax; [%Hg(l) —i]=1"

In the interim region, the optimal I is such that it slides between the two constraints, i.e.,
g(I)=C+zs(1+r)—1*" [

As we have noted earlier, countries with low endowments (developing countries) are likely
to be in the willingness-to-pay region. The government of the developing country cannot take
advantage of public investment opportunities, not because it is less capable or more corrupt
than a rich-country government, but because the willingness-to-pay constraint binds more
strongly. Effectively, public investment does nothing to alleviate this constraint, so the govern-

ment sees no value in such investments. Once again, developing country governments accord-
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ing to this result are not intrinsically unwilling to make public investments, their circumstances

give them less incentive to do so.

E

Investment in government technology
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Figure 12: Numerical solution for the extension with government technology. a is the
varied parameter, where g(-) = a x f (-). All other parameters are the same as in Fig.
2, f =3k®, r=10%,z =4, p =2.3 and C = 1.0.

Small Shocks in the Trap Steady State (Section 6.1)

Proposition E.1. Consider the government’s spendables function S(e; p, ¢,r) where p, ¢, and r

are savings parameter, productivity parameter, and interest rate, respectively. Partial derivatives

of the spendables function with respect to e, p, ¢, and r (for sufficiently low r), at steady state A

and growth-trap steady state W, are as follows:

as as as as

— >0, —| >0, — —| < 0; and
Jdelew ’ ap eW ’ 8(/) eW P Orlew > an
a8 2S oS oS

—| =0, —| =0, —| >0, —| <0O.

Je lea op le O lea or ler

At steady states, a shock triggers default if and only if it decreases current spendables S. It

follows then that
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1. In steady state W, a negative shock to endowment e, a negative shock to savings p, and a

positive shock to productivity ¢, all trigger default.
2. In steady state A, a negative shock to productivity ¢ triggers default.
3. A positive shock to interest rate r triggers default in both steady states.

4. Endowments in both steady states are positively related to savings p and productivity ¢:

deV eV

ap, a(¢)> , an
op’ 3¢
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