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1 Introduction

A now large literature, spanned by the work of Eaton and Gersovitz (1981), Aguiar and
Gopinath (2006) and Arellano (2008), studies recurrent sovereign debt crises by contending
that emerging countries underinsure against negative shocks by overborrowing during booms.
It is also widely understood, though mostly ignored by this literature, that emerging markets
have traditionally experienced high inflation, especially during debt crises.! Figure 1 illustrates
this fact by showing the correlation between sovereign debt spreads and inflation in emerging

markets countries since 1990.

Figure 1: Inflation and Sovereign Spreads in Emerging Markets
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Note: This figure is a binscatter. Each dot is the mean for a bin containing the
same number of observations. We removed outliers, defined as values below the 3rd
percentile or above the 97th percentile, for both series.

In this paper, we argue that extending the standard sovereign default model to incorporate
distortionary domestic policies, explains the close connection between debt crises and inflation.
In our framework, domestic fiscal and monetary policies interact with the availability of external
credit and the possibility of default. As in the standard model, debt accumulation is promoted
by relative impatience and hindered by default risk. When policy instruments are distortionary
and the government cannot commit to future policy choices, the government actively employs
monetary policy to support fiscal policy. It also faces an intertemporal tradeoff that may
moderate or amplify the incentives to accumulate debt. We also find that, since more significant
distortions are necessary to support a larger debt, the money growth rate, taxes, and the
exchange rate are increasing in debt.

As in the standard model, the government’s inability to commit to debt repayment implies

that aggregate shocks affect debt financing costs. In particular, adverse shocks raise the cost of

'More generally, there is a concern that poorly designed or executed domestic policy frameworks adversely
affect the resilience of emerging economies to shocks. For example, see Caballero (2003) and Kehoe, Nicolini,
and Sargent (2020).



rolling over the debt. Barring default, higher financing costs induce the government to reduce the
level of outstanding debt, which it pays for with a combination of fiscal and monetary actions.
On the fiscal side, the government raises taxes and lowers spending. On the monetary side,
the government prints money and devalues the currency at faster rates. This policy response
leads to a tight connection between distress in sovereign debt markets, procyclical deficits, high
inflation and currency depreciation. Importantly, we show that distortionary domestic policies
and sovereign default risk are both necessary to understand the real and nominal effects of
adverse shocks in emerging economies.

Our framework consists of a tradable-nontradable (TNT) small open economy (as in Uribe
and Schmitt-Grohé, 2017, §8), extended to include production, money and sovereign default.
Firms produce both non-tradable goods and exported goods; agents consume non-tradable
goods and imported goods. Consumers need money to finance their purchases of non-tradable
goods, which gives rise to a demand for fiat money.2 The government provides a valued public
good and makes transfers to individuals; expenditures are financed with labor taxes, money
creation and external debt. Government debt is issued in foreign currency to foreign risk-
neutral investors. In the event of default, the government enjoys a haircut on its external
liabilities but suffers temporary exclusion from financial markets and a productivity loss. We
further assume that the government’s inability to commit extends to all future policy actions.

We derive necessary first-order conditions to characterize government policy, including a
Generalized Euler Equation that characterizes debt choice.?> We first derive conditions under
which monetary policy is used to support fiscal policy, thus implementing an inefficient rate
of return on money, i.e., creating distortionary inflation. We find that these results depend on
agents’ preferences and the level of (exogenous) transfers from the government to households.
Then, we show that the decision of how much debt to issue depends on three channels. The
first involves distortion-smoothing: debt allows the government to trade-off intertemporally
how severely the balance of payments restricts its policy. If the domestic economy is impa-
tient relative to the rest of the world, then this factor provides incentives to accumulate debt.
The second channel reflects the negative impact of more debt, which leads to a higher default
premium and, thus, counters the desire to accumulate debt. The third channel arises because
fiscal and monetary policies are distortionary. Higher debt tomorrow leads to larger future
distortions when repaying and a larger default probability, both of which affect the demand

for money today and, hence, the government’s current budget constraint. This factor may be

2Though we model domestic government liabilities as fiat money, one could also interpret them more generally
to include debt issued domestically in local currency as long as this debt is liquid to some extent.

3 Arellano, Mateos-Planas, and Rios-Rull (2019) and Karantounias (2019) also derive the Generalized Euler
Equation to solve and characterize a sovereign default model.



positive or negative, depending on agents’ preferences, and thus may amplify or moderate the
incentives to issue debt.

We conduct several quantitative exercises to evaluate the model’s ability to capture notable
regularities in emerging markets. First, we compare model simulations with data from seven
Latin American economies since 1980. In the presence of fluctuations in the terms of trade
or productivity, the model replicates standard business cycle statistics and, more importantly,
the cyclical properties of fiscal and monetary policies. Second, we conduct an event study to
show that inflation and currency depreciation rise during debt crises, a fact that the model is
able to replicate. Third, we estimate impulse responses to shocks to the terms-of-trade and
productivity. We show that the dynamics of the EMBI spread, inflation, currency depreciation
and output have the same signs and similar magnitudes in the data and the model.

Our model has two main elements: distortionary domestic policies and sovereign default.
We argue that both are necessary to understand the real and nominal effects of adverse shocks
in emerging economies. First, we characterize the role of domestic policies by studying a version
of our model in which the government has access to lump-sum taxes. We show that in such an
economy, monetary policy is no longer distortionary and the equilibrium allocation coincides
with the one that would obtain from a real economy. This version of our model cannot match
the empirical levels of nominal variables, such as inflation and currency depreciation.

Second, we analyze the role of default risk by comparing our benchmark calibration with an
economy with low sovereign default risk. A key difference between the two economies is that the
default premium reacts very differently to adverse shocks. As we discussed above, in the typical
emerging economy, as captured in our benchmark calibration, the interest rate on external debt
rises significantly after an adverse shock, which induces the government to contract the amount
of outstanding debt. This leads to significant responses in fiscal and monetary policies. In
contrast, in a low-default economy, the default premium and hence, the interest rate, do not
react significantly to an adverse shock, which implies debt, fiscal and monetary policies do not
react as much in the event of an adverse shock. Overall, we show that the effect of adverse

shocks on inflation and currency depreciation is significantly muted when default risk is low.

Related literature. The literature on sovereign default has evolved from the framework
developed by Eaton and Gersovitz (1981) to quantitative models that account for stylized
facts about business cycles in emerging countries (Aguiar and Gopinath, 2006; Arellano, 2008).
Although recent models have added realistic features, such as long-term debt (Hatchondo and
Martinez, 2008; Hatchondo, Martinez, and Sosa-Padilla, 2016) and sovereign-debt restructuring
(Yue, 2010; Dvorkin, Sédnchez, Sapriza, and Yurdagul, 2021), there are few papers concerned



with the role of domestic policies. We aim to bridge that gap by developing a sovereign default
model that incorporates both monetary and fiscal policies and has implications for inflation and
currency depreciation.

The literature has argued that the prevalence of sovereign default risk rationalizes the fact
that fiscal policy in emerging markets is procyclical, rather than countercyclical as in devel-
oped countries. Cuadra, Sédnchez, and Sapriza (2010) makes this argument for tax policy in
a standard sovereign debt default model. Bianchi, Ottonello, and Presno (2023) shifts atten-
tion to government spending and shows that even with strong nominal rigidities and Keynesian
stabilizing gains, fiscal policy is procyclical when default risk is taken into consideration. Karan-
tounias (2019) and Pouzo and Presno (2022) also study models in which the government chooses
distortionary taxes, government debt and whether to default.

These papers do not take into account how monetary policy affects the cyclical properties
of government policy. Introducing money, as we do, extends the scope of the analysis and
complicates the environment by adding an intertemporal optimization problem for households,
which the government needs to take into account when formulating policy. In this context,
we show that a rise in sovereign debt spreads during bad times leads to an increase in tax
and inflation rates, even though monetary policy alone could, in principle, absorb the financial
burden of the shock and allow the primary deficit to react countercyclically. There is, thus, a
similarity between our contribution and that of Bianchi, Ottonello, and Presno (2023): they
show that procyclical fiscal policy in emerging market is robust to adding nominal rigidities,
while we show that it is also robust to adding a flexible monetary policy.

Some papers are concerned with monetary policy in related environments. Diaz-Giménez,
Giovannetti, Marimén, and Teles (2008) and Martin (2009, 2011), among others, study govern-
ment policy without commitment in monetary economies. Unlike our work, they do not consider
the role of sovereign default risk, which is critical for understanding emerging countries. Ot-
tonello and Perez (2019) and Sunder-Plassmann (2020) study how the composition of sovereign
debt interacts with default risk and inflation. Importantly, the former assumes that inflation
has a utility cost and the government cannot raise seigniorage; the latter abstracts from the dis-
tinction between tradable and non-tradable goods, as well as exchange rates. Also related, Galli
(2020) studies default risk and inflation when debt is issued in domestic currency and taxes are
either lump-sum or exogenous. All these papers stress the role of inflation in diluting the real
value of debt issued in domestic currency. This mechanism offers an alternative explanation for
the rise in inflation during recessions. However, lenders’ anticipation of this strategy makes it

difficult for countries with weak central banks to borrow in domestic currency and may explain



why, during periods of high inflation in Latin America (most notably in the 1980s and 1990s),
practically all of government debt was denominated in foreign currency.* This fact leads us to
abstract from domestic currency debt in our analysis.

More recently, Arellano, Bai, and Mihalache (2020) analyze the interaction of sovereign
default risk with a monetary policy rule in a cashless economy. Their work complements ours
since they study the case in which central bankers can commit to a Taylor rule, whereas we
assume that both fiscal and monetary policies are discretionary and useful to finance government
spending.

Another important aspect of our model is the role of nominal exchange rates. In this regard,
our work connects with Na, Schmitt-Grohé, Uribe, and Yue (2018), which point to the link
between devaluations and default. In a model with downward nominal wage rigidity, they show
that an optimal exchange rate devaluation occurs in periods of default, lowering the real value
of wages to reduce unemployment. Their paper and ours both show how to recover a “real”
economy as in Eaton and Gersovitz (1981). In Na, Schmitt-Grohé, Uribe, and Yue (2018), the
key is an optimal devaluation to undo the wage rigidity, while in our model, it is the availability
of unconstrained lump-sum taxation.

The paper is structured as follows. Section 2 describes the environment and characterizes
the monetary equilibrium. Section 3 formulates the problem of the government. Section 4
characterizes policies and derives theoretical results. Section 5 shows how we take the model
to the data. Section 6 studies how the model responds to shocks to the terms of trade and
productivity, and how these results compare to the data and help us understand their impact

on emerging economies. Section 7 concludes.

2 Model

2.1 Environment

We study a small open economy populated by a large number of identical infinitely-lived
agents with measure 1. Time is discrete. Throughout the paper, we make use of recursive
notation, denoting next-period variables with a prime.

Preferences, endowments and technology

There are three private goods and one public good in the economy. First, there is a non-
tradable good that is consumed and produced domestically, their quantities being denoted ¢V
and y!V, respectively. Second, there is tradable imported good that is consumed domestically

but not produced. Let ¢! denote the consumption of this imported good. Third, there is a

4For example, Eichengreen, Hausmann, and Panizza (2005) find that, between 1993 and 2001, almost all the
domestic debt issued by Mexico, Brazil, and Argentina’s was in foreign currency.



tradable exported good that is not consumed domestically and is only produced to be exported.
Let y” denote the production of this exported good. Finally, the government can transform
non-tradable output 4 one-to-one into a public good, g.

The representative household is endowed with one unit of time each period, which can be
either consumed as leisure, ¢, or supplied in the labor market, h. Thus, £ + h = 1.

Preferences are represented by a time-separable, expected discounted utility. Let the period
utility be given by u(cV,c?) + v(f) + 9(g), where u, v and ¥ are strictly increasing, strictly
concave, C? and satisfy standard boundary conditions. Let 8 € (0,1) denote the discount
factor. In what follows, u; denotes the partial derivative of v with respect to the consumption
good ¢/, with 7 = {N, T}, and v; denotes the derivative of v with respect to £ = 1 — h. We
assume that cross derivatives are zero; i.e., uyT = ury = 0.

There is an aggregate production technology that transforms hours worked, h, into non-
tradable output, ¥, and exported goods, y*. This technology is represented by a cost function
F Ri — R4, which is strictly increasing, strictly convex and homogeneous of degree 1. Given

h, feasible levels of (3™, y”) must satisfy
F(y™y") —h <0, (1)

where Fj is the partial derivative of F with respect to v/, j = {N,T}.

Market structure

Agents can exchange both tradable and non-tradable goods, as well as domestic currency
(fiat money), while trading of other financial assets will be restricted to the government. Let M¢
denote individual money holdings. Prices are denominated in domestic currency (i.e., pesos)
and given by PX, PM and PN for exports, imports and non-tradable goods, respectively. Let
W denote the nominal wage in units of domestic currency.

The nominal exchange rate F is defined as the units of domestic currency necessary to
purchase one unit of foreign currency (i.e., pesos per dollar). We assume that the law of one
price holds for tradable goods and so PX = Ep’ and PM = E, where p’ is the (potentially
time-varying) international price of exported goods, while the international price of imported
goods is assumed to be constant and normalized to 1. Given these assumptions, p? also stands
for the terms of trade.

In order to study a stationary environment, we normalize nominal variables by the stock of
the money supply, M. Let u denote the growth rate of the money supply and M’ = (1 + u)M
denote its law of motion. We define the corresponding normalized variables as p”¥ = PN /M,
w=W/M,e=E/M and m = M?%/M.

To motivate a role for fiat money, we introduce a cash-in-advance constraint. Since a large



majority of international trade is conducted on credit, we impose the constraint only on goods

produced and consumed domestically.> Hence,

PNV <m. (2)

That is, (normalized) expenditure on non-tradable goods, p™ e

, cannot exceed (normalized)
money balances available at the beginning of the period, m.

Government and the balance of payments

The government provides a public good, g, which is transformed one-to-one from non-
tradable output. It may also make lump-sum transfers to households. Let v be the real value
(in units of the non-tradable good) of government transfers. We assume that transfers are
exogenous, non-negative and represent a non-discretionary redistributive policy.5

To finance its expenditure, the government may tax labor income wh at rate 7, increase the
money supply at rate u, and issue debt in international credit markets. Debt takes the form of
one-period discount bonds that pay one unit of foreign currency and trade at the price ¢, also
denominated in foreign currency. Let B denote the value of maturing debt and ¢B’ the funds
collected from issuing new debt B’, both expressed in foreign currency units.

We consolidate the fiscal and monetary authority and write the government budget con-

straint in (normalized) units of domestic currency as follows”:
pN(g+7) +eB < twh+ i+ eqB’. (3)
The balance of payments, expressed in units of foreign currency, implies
p'y" =" =B —¢B, (4)

where the left-hand side of (4) is the trade balance, while the right-hand side is the change in
the country’s net asset position plus implicit debt interest payments.

Combining (3) and (4) we can express the government budget constraint as the relationship
between the external sector (the trade balance) and the public sector (the primary surplus plus

seigniorage):

Twh —pN(g+7) +p—e@'y" —c) >0. (5)

®For example, see Auboin (2009), Schmidt-Eisenlohr (2013) and Antras and Foley (2015). More recently,
Kohn, Luttini, Szkup, and Zhang (2023) uses micro-level export transactions by Chilean firms and finds that
85% of sales are on credit. In Appendix A.5 we consider a general case, when both non-tradable and imported
goods are subject to a cash-in-advance constraint. Note that (2) would still be the relevant constraint if imports
were settled with end-of-period balances.

SFor a model of sovereign default and endogenous tax progressivity see Ferriere (2015).

TAs we argue in Section 4.4.2, when lump-sum taxes are available, the government sets distortionary taxes
equal to zero and follows the optimal monetary policy (the Friedman rule). In this case, the model becomes
Ricardian: the government budget constraint solves for lump-sum taxes and places no further restrictions on
government policy.




2.2 The problem of the representative firm
Local firms produce non-tradable and tradable goods by hiring labor according to the tech-
nology represented by F'. Constant returns to scale imply that we can assume that the industry

behaves as if there were a representative firm that solves the static problem

max {p"y" +ep’y" —wh}
y ’y )

subject to (1). The necessary and sufficient first-order conditions imply expressions for the wage

and exchange rate as functions of (y™V,y”,p",p") as follows:
N N
P p” Fr
= £ == 6
YT Fy ©T T Fy (6)

2.3 The problem of the representative household

The endogenous aggregate state of the economy consists of the amount of maturing foreign
debt, B, and an indicator function Z, which specifies whether the government is in default
(Z = D) or not (Z = P). As we shall explain below, the default state may last several periods
while the country is excluded from international credit markets. Agents know the government’s
default state before making any decisions at the beginning of every period. The exogenous
aggregate state of the economy is summarized by s and known at the beginning of each period.
The state s may include any variable that evolves stochastically over time, e.g., the terms of
trade, p. The set of all possible realizations for the stochastic state is S. Note that we are
allowing for the possibility that state variables may depend on the default state.

Agents know the laws of motion of all aggregate state variables. All prices and government
policies are perceived by agents as being functions of the aggregate state. This dependence is

omitted to simplify notation. The period budget constraint of the household is
pNeN Fec +m! (14 p) < (1 —71)wh +m+pNy, (7)

where, as mentioned above, pY, w e, m are all normalized by the aggregate money supply at the
beginning of the period. As also mentioned above, purchases of non-tradable goods are subject
to the cash-in-advance constraint, (2).

The individual state variable is the household’s (normalized) money balances at the be-
ginning of the period, m. Let V(m, B,Z,s) denote the agent’s value function as a function
of individual and aggregate state variables. Let E[V(m/, B’,Z',s')|B,Z, s] be the conditional
expected value of the agent’s value function in the next period, given current aggregate state

(B,Z,s).



The problem of the representative household is
V(m,B,Z,s)= max u(c",c")+v(l—h)+9(g)+BE[V(m' BT, ) B,I,s]

subject to (2) and (7). As derived in Appendix A.1, the solution to this problem must necessarily
satisfy

:'Ué —_— =

(1-— Z)qu (1 +;u)uT _ 4E [uN

B.T, s} (8)

plus constraints (2) and (7).

Conditions (8) show how policies distort households’ choices. The tax rate introduces an
intra-temporal wedge between the marginal utilities of consumption of tradable goods and
leisure, while the money growth rate introduces an inter-temporal wedge, as it distorts the
substitution between current consumption of tradable goods and future consumption of non-
tradable goods.

2.4 Monetary equilibrium

Since all agents are identical, ¢V, ¢! and h should be interpreted as referring to aggregate
quantities from now on.

The resource constraint in the non-tradable sector is ¢V +¢ = y~. From (1) and the resource
constraint, labor is a function of non-tradable (private) consumption, public expenditures and
the production of tradables; i.e., h = F(CN +g,y7).

All agents enter the period with the same money balances, m. Market clearing implies that
m = m’ = 1. Without loss of generality, the cash-in-advance constraint (2) is satisfied with

equality.® Then, in equilibrium
1
PN = (9)

The equilibrium wage can be derived by combining (6) and (9):

1

W= ——".
CNFN

(10)

Similarly, the equilibrium exchange rate follows from (6) and (9):

1 Fr
S 11
€ NpT Fy (11)

Finally, the Lagrange multiplier associated with the cash-in-advance constraint must be
non-negative, which implies the following equilibrium condition:

uy  pFy

> 0. (12)

ur Fr

81f the cash-in-advance constraint is slack, then the price level p% is, in general, indeterminate. A standard
assumption is to take the limiting case, when the constraint is satisfied with equality.



If (12) is positive, then the cash-in-advance constraint (2) binds; if is equal to zero, then (2) is
slack. Condition (12) reflects an inefficiency wedge created by monetary policy, as the marginal
rate of substitution between non-tradable and tradable goods is larger than the corresponding
marginal rate of transformation. Though monetary policy creates this intra-temporal wedge,
similar to a tax on non-tradable consumption, it actually operates through an inter-temporal

channel, as reflected by (8).

3 Government policy

3.1 Government budget constraint in a monetary equilibrium

Below, we formulate the problem of the government following the primal approach. That
is, we solve for allocation and debt choices that are implementable in a monetary equilibrium.
In order to proceed, we need to use the equilibrium conditions derived above, to replace prices
(p",w, e) and policies (u,7) in the government budget constraint (5).

To obtain an expression for the tax rate, combine (8), (10) and (11):
r=1-—+=L (13)

Similarly, the money growth rate can be written by combining (8), (9) and (11):
_ BE [ulyc™'|B, T, 5]
~ urcNpl (Fy/Fr)

One important difference in the expressions for the tax and money growth rates is that the

~1. (14)

latter depends on tomorrow’s state of the world. Importantly, among other possible events,
whether the country is in repayment or default. This follows from the fact that the marginal
value of money tomorrow, which is a function of the aggregate state, affects the demand for
money today. This connection will be key for understanding the government’s debt choice.

Using (9)—(14) we obtain the government budget constraint in a monetary equilibrium:

urle” —yp" (Fn/Fr)] = veF (Y + g,y") + BE [uyc"'| B, T, 5] > 0, (15)
which depends on (¢V, T,y g, ).
3.2 Repayment and default
Suppose the government is currently not excluded from international credit markets. At the

beginning of any such period, the government decides between repaying (P) and defaulting (D)

on its debt. If it decides to default, then debt is set to BY > 0. Define
V(B,s,e’ eP) = max{VF (B, s) + ", VP (s) + e},

where VP (B, s) and VP (s) denote the values of repayment and default, respectively, which

are defined in detail below. The decision to repay or default is influenced by random additive

10



shocks to utility. The expectation of the value function with respect to the utility shocks is
V(B,s) = E- [f/(B, s,eP’,eP)]. Finally, let P(B, s) be the probability of repayment for any given
(B, s), which can be expressed as P(B, s) = Pr(VF(B,s) = VP(s) > P —eP). We assume that
eP and P are independently, identically distributed extreme value (Gumbel or type I extreme
value) shocks. In Appendix A.2 we derive simple analytical expressions for V(B, s) and P (B, s),
and their derivatives with respect to B, all as functions of V¥ (B, s) and VP(s).

3.3 Problem of the government

Every period, the government first decides on whether to repay or default on its debt. After
that, it implements policy for the period, taking into account the response of private domestic
agents and international lenders and the government policies it expects to be implemented in
the future. A period policy consists of choices on the amount of future debt, the money growth
rate, the tax rate and government expenditure.

If the government decided to default, then the country is excluded from international credit
markets. It regains access at the beginning of the period with probability J; hence, 1/6 is the
expected duration of exclusion. The country reenters credit markets with a renegotiated level
of debt BP > 0, which is exogenous. This assumption implies that debt haircuts are increasing
in the level of defaulted debt. While in default, Z = D, the country experiences a productivity
penalty, Q(s), which generally depends on the exogenous state of the economy.

If the government is currently repaying, the probability that it will remain in repayment
status tomorrow is given by P(B’, s’) for any given (B’, s’), as derived above. On the other hand,
if the government is currently in default, the probability that it will transition to repayment
status tomorrow is given by 6P(BP,s’) for any given s’. To compute these probabilities we
need to know the value functions V7 (B, s) and V"(s), which we will derive below.

In equilibrium, zero expected profits by risk-neutral international lenders implies that
E[P(B',s')|s] B' + E [(1 — P(B',5))Q"(s)|s] B”

1+ ’
where QP (s') = 6Q(BP, ")+ (1—6)E[QP(s")|s']/(14-r) for all s'. The first term in (16) reflects

Q(B',s)B' =

(16)

the expected debt repayment, while the second term reflects the expected debt recovery. QP (s’)
stands for the price an investor would pay to earn BP in the period the defaulting country
reenters international credit markets. Note that, QP (s') is an endogenous object, as it depends
on the equilibrium function P through Q(BD ,8'); however, the government takes it as given.
Using (16) and the expression for QP (s’) we obtain the following recursion for all s:

_ SE [P(BP,s')|s] +E[(1—6P(BP,s))QP(s)|s]
147

QP (s)

As explained above, we follow the primal approach to formulate the government’s problem.

11



Hence, we use equilibrium conditions to express domestic prices, the money growth rate, and
the tax rate as functions of current and future allocations. Every period, the government
then chooses a debt level (when repaying) and domestic policies that implement the allocation
(cN, T, yT, g). These choices need to satisfy the balance of payment, (4), the government budget
constraint, (15), and the non-negativity constraint, (12).

When the government is in the repayment state, Z = P, its policies are a function of the
state (B, s); let the relevant policy functions be denoted by {B,CY,CT, YT G}. While in the
default state, Z = D, its policies are a function of the state s; let the relevant policy functions
be denoted by {CV,CT, YT, G}. Given these policy functions, in Appendix A.2 we define the
value functions V¥ (B, s), VP(s) and V(B, s).

3.3.1 Repayment

The problem of the government in the repayment state is

max w(c™, ")+ vl = F(N +g,97)) +9(g) + BEV(B, 5')|s] (PP)
(B, eN T yT,g)
subject to
'y’ =" +Q(B,s)B'—B = 0, (17)
urc” —yurp” (Fx/Pr) — v (<" + g,y") + BE [uyc'|Ps] = 0, (18)

un — urp’ (Fn/Fr)

V
o
—~
—
Ne)
~—

The constraints in the government’s problem correspond to the balance of payment, (4), the
government budget constraint, (15), and the non-negativity constraint, (12). Note that the
expectation term in the government budget constraint is conditioned on the current state being
repayment (Z = P); hence, the relevant transition probabilities are P(B’, s’) for repayment and
1—P(B',s') for default, for all (B’,s’).

3.3.2 Default

The problem of the government in the default state is

max (e, ") +o(l - F(V +g,y7)) + 0(g) + BEV(BY, ) + (1 = §)VP(s)|s] (DP)

(CN7CT7yTvg)
subject to
pTyT — T = o, (20)
ure” —yurp” (Fy /Fr) —vF (Y + g,y") + BE[uyc™'|D,s] = 0, (21)

un — urp’ (Fn/Fr)

V
o
—~
[\)
[N}
~—

and where total factor productivity, embedded in the cost function F(y",y”), is reduced by a

default penalty, Q(s).
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In this case, note that the balance of payments is simply the trade balance, as the govern-
ment is excluded from international credit markets. The expectation term in the government
budget constraint is conditioned on the current state being default (Z = D); hence, the relevant

transition probabilities are §P(BY, s') for repayment and 1 — §P(BP, ') for default, for all s'.

4 Characterization

4.1 The non-negativity constraint

The balance of payments and the government budget constraint clearly restrict government
actions. However, the non-negativity constraints, (19) and (22), may or may not bind. These
constraints follow from (12), which is the requirement that the Lagrange multiplier on the cash-
in-advance constraint be non-negative. As we discussed above, when (12) is satisfied with strict
inequality, the Lagrange multiplier on the cash-in-advance constraint is positive, which implies
households face a positive opportunity cost of holding domestic currency across periods. This
acts as a tax on the consumption of non-tradable goods, which require money to be purchased.

N since p1 distorts

However, note that the money growth rate p is not equivalent to a sales tax on ¢
the tradeoff between consumption of tradables today versus non-tradables tomorrow—see (14).
Furthermore, the government cannot subsidize non-tradable consumption relative to tradable
consumption. With the instruments at its disposal, the most it can do is eliminate the wedge
between the consumption of the two goods; this is accomplished by making the cash-in-advance
constraint slack for agents.

We define the Friedman rule as a policy that satisfies the relevant non-negativity constraint,
(19) or (22), with equality, so that the cash-in-advance constraint is slack. Note that this policy
may arise because the government is at a corner; i.e., it would prefer to implement a policy that
involves not satisfying the non-negativity constraint, but is prevented from doing so as such a
policy would not be consistent with a monetary equilibrium.”

Implementing the Friedman rule typically leads to deflation. As we can see from (14),
when (12) is satisfied with equality globally and in the absence of aggregate shocks, we obtain
u =L —1<0. In the long run, inflation is equal to the money growth rate and so, we get
deflation. This result is not supported by the empirical evidence on emerging countries, which
report positive, and oftentimes elevated, rates of inflation. Hence, in the analysis below we

will focus on the case when the non-negativity constraints, (19) and (22), do not bind (i.e. the

cash-in-advance constraint is binding) and derive conditions under which this assumption holds.

9In our environment, non-monetary equilibria lead to infinite misery for households as they would not be able
to consume non-tradable goods.
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4.2 Intratemporal tradeoffs

We now analyze the intratemporal tradeoffs faced by the government when formulating
policy. This involves characterizing the choice for (c¢V,c”,y”,g), given state (B,s), repay-
ment status Z = {P, D} and a debt policy B(B). To simplify some of the notation below,
let T(cN, e, yT, g;s) = urp? (Fn/Fr), which is an expression that shows up in the govern-
ment budget and non-negativity constraints. Note that I'r = dI'/dc” = T x (urr/ur) < 0,
while the convexity of F' implies that 'y =T’y = T' x (Fyn/Fn — Fnr/Fr) > 0 and I'y =
I' x (Fyt/Fn — FPrr/Fr) < 0. Also define ® = vy — v F(cV + g,47) > 0. All proofs of the
propositions below are in Appendix A.4.

Since the problems in repayment and default are functionally identical with respect to
(N, e yT, g), we focus on (PP)-(19). Let & and A be the Lagrange multipliers associated

with the constraints (17) and (18), respectively. We will assume the non-negative constraint

(19) is slack and verify when this is so—the general case is characterized in Appendix A.3. The

necessary first-order conditions with respect to (v, ¢!,y g) are
uny — vy = A(Fn® ++Ty) = 0, (23)
ur — & + Mup + urpe’ —9I'p) = 0, (24)
—veFr + &' = A(Fp® +1I,) = 0, (25)
—vFn + 0y — MFn® +Iy) = 0. (26)

From (23) and (26) it follows that uy = ¥4. The provision of public goods is optimal, in
the sense that the marginal utility of non-tradable goods consumption is equal to the marginal
utility of public good consumption. Recall that the public good is transformed on-to-one from
the non-tradable good.

We now show under which conditions the non-negativity constraint does not bind and when
policy is away from the Friedman rule. As it turns out, these results rely critically on the value

of transfers v and the curvature of the utility for tradable goods.

Proposition 1. (i) Assume that v = 0. The non-negativity constraint (19) is slack if and only
if % < 1. Policy is away from the Friedman rule if and only if ﬂ < 1.

(ii) Assume that v > 0. There exists a 67 > 1 such that if 7“TTC (0 O’T) then the non-
negativity constraint (19) is satisfied with strict inequality. Polzcy is away from the Friedman

. —_ T A~
rule if =TT <oT,

The argument supporting Proposition 1(i), the case with no transfers, is simpler and illus-

trative. When v = 0, we can use (23) and (25) to solve for the Lagrange multipliers and obtain
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A= SNV and € = SNEL. Hence, (24) implies

Fn®
U F uppel
Prd <N - pTN) =p" (un — veF) <1 + ZT ) : (27)
T

The term in brackets in the left-hand side is non-negative by (19) and so both sides of (27) need
to be non-negative. The term uy — vy Fy in the right-hand side is positive given A > 0. Thus,
(27) holds if and only if “TTC < 1. Furthermore, when “uTiTTCT < 1, we obtain X — % >0
and so, (19) is satisfied Wlth strict inequality. That is, the cash-in-advance constraint binds and
policy is away from the Friedman rule, which is the empirically relevant case. In contrast, if
7“§TTC = 1 then (19) is satisfied with equality but still slack, and if *“TTC > 1 then (19) binds.
In these latter two cases, the cash-in-advance is slack and the Friedman rule is implemented.
Asking whether the non-negativity constraint binds or not boils down to asking whether the
government wants to tax the consumption of non-tradable goods relative to the consumption of
tradable goods.!? As is standard in the optimal tax literature, this tradeoff is resolved depending
on the relative price and income elasticities (Chari and Kehoe, 1999). Roughly speaking, as
long as the the cash-in-advance constraint binds, two key factors are at play. First, individual
policy functions for consumption of tradable goods and leisure are independent of beginning-of-
period money holdings, m; i.e., there is no income effect with respect to money holdings for ¢*
and £. Second, and as consequence, goods are taxed according to their price-elasticities: goods

with relatively lower price-elasticity are taxed relatively more. In this setting, it can be shown

that the price-elasticity of tradable goods is the inverse of _“STTCT, while the price-elasticity
for non-tradable goods is equal to 1 due to the cash-in-advance constraint. Money holdings
are (implicitly) taxed as long as the demand for non-tradable goods is less elastic than the
demand for tradable goods, i.e., when 1 < (%;FCT)A. Hence, whether and by how much the
relative consumption of non-tradables and tradables is distorted depends only on the curvature
of preferences with respect to the latter. In other words, the sign of 1 + “TTTC determines
whether the government implements policy at or away the Friedman rule.

When transfers are positive, the non-negativity constraint (19) is slack when %ITCT <1
and, in contrast to the case with zero transfers, also for some range when % > 1 and this
range increases as «y increases. Thus, there exists a 67 > 1 such that if M < 67 then the
non-negativity constraint (19) is satisfied with strict inequality. The intuition for this result goes
as follows. Since transfers enter the household’s budget constraint in units of the non-tradable

good, a change in the price of the tradable good, e, has now an income effect in addition to the

substitution effect we described above. As this price increases, the cost of the tradable good

10 As we discussed above, given the available policy instruments the government cannot subsidize non-tradable
goods relative to tradables.
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Figure 2: Transfers and Inflation
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becomes relatively more expensive (the substitution effect) while the value of transfers in terms
of tradable goods falls (the income effect). Thus, income and substitution effects go in the same
direction and make the demand of tradable more elastic. That is, the price-elasticity of the
tradable good is now larger than the inverse of %TTCT As a consequence, positive transfers
enlarge the set of primitives consistent with a binding cash-in-advance constraint as taxing the
tradable good is relatively more undesirable and hence, the optimal monetary policy calls for
staying away from the Friedman rule.

Figure 2 illustrates the impact of these results. The example uses the calibration we discuss
in the following section, though these details are not important for our argument here. Impor-
tantly, we assume no aggregate shocks (other than the extreme value shocks) and preferences
with a constant elasticity-of-substitution; in particular, %TTCT = o, After solving for the
equilibrium, we look at the case when the repayment state lasts indefinitely; then, we draw the
equilibrium inflation rate, which in this case is equal to the money growth rate, u, as a function
of transfers, 7. When ol < 1, (19) is satisfied with strict inequality and so, the cash-in-advance
constraint binds. Thus, monetary policy is away from the Friedman rule and inflation is above
optimal. This inefficiency worsens as transfers v increase. When o7 = 1, (19) is slack and equal
to zero for v = 0 but is satisfied with strict inequality for v > 0; thus, inflation increases in
7, as monetary policy becomes progressively more inefficient. When o7 > 1, (19) binds for v
small enough, but eventually becomes slack and then inflation starts increasing with ~.

4.3 Debt policy

We now characterize debt choice in the event the government decides to repay its inherited

debt. The necessary first-order condition of problem (PP) with respect to B’ is

OE[V(B',s)|s] [0Q(B', s)B'] IE [uy | P, s]
oB’ oB’ oB’

B = 0. (28)

+¢& + B

As reflected by the three terms in (28), debt choice affects the continuation value for the
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government and how tightly the balance of payment and government budget constraints bind.

We can further characterize this equation using some of the expressions derived above.

Proposition 2. The Generalized Euler Equation, which characterizes the government’s debt

choice, is

E [P(B’, §) (1 frr _ 55’) H _ mir)E P(B',s)(1—P(B,s)) (B —QP(s)BP)¢'

s

distortion-smoothing default-risk premium

! ANl _ =1 AN/ _ /A /
+ A\SE {P(B’,s’) [(ugv+u;VNcN’)cg/_ (uyC™ —unC /2(1 P(B,s))ﬁ} ’S}

distortionary policies

The Generalized Euler Equation (29) highlights three channels in the government’s debt
decision. The first channel corresponds to distortion smoothing: debt allows the government to
trade off intertemporally how tightly the balance of payments binds. The distortion-smoothing
term has an intrinsic bias since the government is relatively impatient as (1 +r) < 1. In other
words, this term would not be zero if the government kept expected distortions constant over
time, i.e., set £ = E[{’|s]. This relative impatience motivates debt accumulation in the sovereign
default literature.

The second channel captures the default-risk premium: more debt leads to a higher proba-
bility of default and, hence, a higher interest rate. The default-premium term reflects the added
financial cost due to default risk. This term, as is standard in the literature, moderates debt
accumulation. BP > 0 counters this effect, as lenders take into account that they partially
recover their loan after a default event.

To further understand the role of default risk, consider the case when debt is always repaid.
Since the probability of repayment is now always one, the interest rate on debt is equal to the
risk-free rate, i.e., P(B,s) = 1 for all (B, s), which implies Q(B’,s) = (1 +r)~! for all (B, s).
The Generalized Euler equation, characterizing debt choice, (29), becomes £/(1+7)—BE [¢'|s]+
ABE [(uy 4+ uyNCY')CH'|s] = 0 The equations characterizing the choice (¢, ¢’ y”, g) remain
functionally the same as those derived above. Thus, Proposition 1 still applies. In particular,
whether policy is away from the Friedman rule depends on the values of %TTCT and ~v. In
Section 6.5 we explore quantitatively how default-risk affects the policy response to aggregate
shocks.

The third channel in (29) is analyzed in the following section.

17



4.4 The role of distortionary policies

Our model has two main elements: domestic policies and sovereign default risk. This section
analyzes the role of domestic policies, while we address the role of sovereign default in the
quantitative evaluation of the model. Here, we first focus on how distortionary policies affect
the government’s borrowing choice. Then, we analyze how monetary and fiscal policies would
look like if the government had access to lump-sum taxes and thus, would not need to rely on
distortionary instruments.

4.4.1 Effect of distortionary policies on government debt policy

The third term in (29) reflects an intertemporal tradeoff due to the fact that fiscal and mon-
etary policies are distortionary. Note that higher debt leads to a change in policies tomorrow,
which affects the demand for money today and, hence, how tightly the current government
budget constraint binds. There are two parts in the distortionary-policies term in (29), and we
will analyze each in turn.

We follow Martin (2011), which analyzes a closed monetary economy with domestic debt
and no default, to interpret the expression P(B’, s")(uy +uyyCY')CH’. The envelope condition
from the household’s problem implies V,,, = un/p" (see derivation in Appendix A.1). When
using equilibrium condition (9) we obtain V,,, = uyC¥, which states the equilibrium value of
entering the period with an additional unit of domestic currency. We can further establish
how this value changes with debt: dV,,/dB = (uy + uNNCN)Cg. Hence, the first part of the
distortionary-policies term in (29) reflects how a change in debt directly affects the demand for
money and, therefore, how tightly the government budget constraint binds. Note that this first
part of the channel is multiplied by P(B’,s’), implying that it only operates within repayment
states today and tomorrow (recall that Cy = 0).

The level of debt affects the level of implemented distortions since the policy instruments
available to the government are distortionary; these expected distortions, in turn, affect the
demand for money. Two opposing forces determine how higher debt and distortions affect the
demand for money in equilibrium: a substitution effect and an income effect. The substitution
effect dictates that larger distortions should lead to lower consumption and lower demand for
money to finance non-tradable goods. The income effect induces households to want to mitigate
the drop in consumption due to larger distortions; hence, it increases the demand for money.
Which effect dominates depends on the curvature of u, more specifically, the sign of uy+unye?.
If this term is positive (negative), the substitution (income) effect dominates.

The second part of the term is the expression (u\CY' — @/,CN')P), where Pl = —P(B',s')

(1-P(B',s"))(¢'/k) < 0. As explained above, V;, = uyc’; hence, this term reflects the impact
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of debt choice on the current money demand, through the change in the repayment probability.
As the government issues more debt, it lowers the probability of repayment, Py < 0. This
matters to domestic households since the value of an extra unit of money depends on whether the
government repays or defaults, as policies (and distortions) are different in each case. Again, the
sign of u\,CN' —@/\,CN' depends on the curvature of u. Assuming that C™' > C/ (an assumption
we verify numerically), the difference is positive (negative) if the substitution (income) effect
dominates.!!

So, how does the distortionary-policies channel operate? First, issuing more debt today
alters future fiscal and monetary policies in the repayment state, as well as the probability of
repayment. Second, since domestic policy instruments are distortionary, anticipated changes
in these future policies alter the marginal value of money tomorrow and, hence, households’
current money-holding decisions. Third, the change in future repayment probability also alters
the expected marginal value of money tomorrow, as policies differ if the government repays
or defaults. Fourth, these changes in the current demand for money affect the real value of
domestic government liabilities and hence, the government’s budget constraint. Importantly,
this effect is not internalized by the government tomorrow, which results in a time-consistency
problem, as the government values current debt issuance differently today and tomorrow.

The distortionary-policies channel alters how the other two components in (29) are traded
off when the government decides how much debt to issue. The effect may be positive, zero,
or negative, depending on the assumptions on preferences, thus altering the standard tradeoff
in sovereign debt choice. For example, if the utility is logarithmic, then uy + uynCY =
uyCN' — @\ CN' = 0, and so there is no time-consistency problem due to the interplay between
debt policy and the demand for money. In this case, the government would trade off its relative
impatience with the default risk premium; i.e., the desire to accumulate debt is moderated by
the extra financial cost of supporting it due to the higher default probability. Suppose instead
that uy + uynCN < 0, which also implies u’NCN’ - TL;VC_N’ < 0, as argued above. Given
that Cg < 0 (since higher debt implies larger distortions and, hence, lower consumption) and
Pg < 0 (as shown above), the distortionary-policies term would now be positive, countering
the default premium term and reinforcing the relative impatience term. That is, when the
income effect dominates the substitution effect in the preference for the non-tradable good (and

the demand for money), the distortionary-policies channel provides additional incentives to

Note from (14) that how the repayment probability affects the mapping between allocations and the money
growth rate also depends on the curvature of u with respect to ¢”. Taking the probability of repayment as
a parameter, one can show that, when the substitution (income) effect on the money demand dominates, the
equilibrium money growth rate that implements a given allocation is higher (lower) when faced with a higher
repayment probability tomorrow.
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accumulate debt. In the opposite case, uy +uynCY > 0, which implies u/\C™' — @/, C' > 0,
the distortionary-policies channel mitigates the incentive to accumulate debt.
4.4.2 Effect of distortionary policies on fiscal and monetary policy

We now explain the role of distortionary taxation, in particular, its effects on monetary
policy. Suppose that lump sum, unconstrained taxes 7 are available.!? In such a case, the
government budget constraint (3) becomes p" (g + ) + eB < T + T7wh + eqB’. Proceeding as
we did to derive (15), the government budget constraint in a monetary equilibrium, when lump

sum taxes are available, can be written in terms of allocations as follows:
urle” —yp" (Fn/Fr)] — v F (Y + g,y") + BE [uyc™'|Z, 5] + T > 0 (30)

for Z = {P, D}. The problem of the government in the repayment state is (PP) subject to (17),
(19) and (30) for Z = P. Similarly, when in default, the problem of the government is (DP)
subject to (20), (22) and (30) for Z = D.

Consider now the following centralized version of the government’s problem, where the only

constraint is the balance of payments. When repaying, the problem of the government is

(e ) ol = (e +g.57)) +9(o) + FEIV(B )l (PPEP)

subject to pTy? — ¢’ + Q(B',s)B' — B = 0. The problem of the government in the default
state is defined similarly. The solution to problem (PPEP), denoted (B’ LN ET 9T g), will be
referred to as the EG real allocation, where EG stands for Eaton and Gersovitz (1981). The

associated lump-sum taxes necessary to finance this allocation are given by
T = —are” + yarp” (Fn/Fr) + v F (@Y + g,97) — BE [aye™'| P, 5] (31)
We now establish the following equivalence result between the two problems.

Proposition 3. Given lump sum, unconstrained tazes T given by (31), the EG real allocation
(E’, eN el gt §) solves the problem (PP), with the corresponding value of default, VP (s), that
solves (DP), and the constraints (19), (22) and (30), for T = {P, D}, are slack.

When lump-sum taxes are available, the EG real allocation can be decentralized as a com-
petitive equilibrium as follows. The government finds it optimal to (i) set the distortionary tax
rate 7 equal to zero and (ii) conduct monetary policy p so that the cash-in-advance constraint

in the household’s problem does not bind, i.e., implement the Friedman rule given by

BE [@yéN'|B, T, 5]

(L = -1 32

121f endogenous lump-sum taxes are restricted to be non-positive (i.e., transfers are allowed but taxes are not)
then the government would optimally set them to zero, as they are not valued by private agents and need to be
financed with distortionary instruments. This case corresponds to the case v = 0 we analyzed above.
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Lump-sum taxes adjust so that under these policies the government budget constraint is satisfied
with no need for distortions. Hence, in this version of the model, the government budget
constraint is no longer a restriction in the government’s problem. In effect, the policy regime
becomes Ricardian.

We can write the analog of equation (29) for the case with unconstrained lump-sum taxes as:
E[P(B',s") (14 — Bup)ls] — it EIP(B',s")(1 - P(B', ) (B’ — QP (s")BP)ul|s] = 0. In this
case, the multiplier of the balance of payment constraint, £, is equal to up.'> We can see that,
with lump-sum taxes, the government trades off distortion-smoothing (plus relative impatience)
and the default premium. The intermporal tradeoff due to distortionary policies is absent since
the government budget constraint is automatically satisfied with lump-sum taxes and thus, is
no longer a binding restriction to policy implementation.

Next, we show that the EG real allocation cannot be decentralized in the absence of lump-
sum taxes, i.e., cannot be implemented if only distortionary policy instruments are available.
We focus on the case when i < 0, which is isomorphic to requiring a non-negative implicit real

interest rate on a domestic bond denominated in non-tradable goods.

Proposition 4. Suppose that fi, given by (32), is non-positive. If lump-sum, unconstrained
taxes are not available, then there are no feasible monetary and fiscal policies that decentralize

the EG real allocation.

To conclude this section, we consider the implications of eliminating monetary policy dis-
tortions on their own (i.e., in the absence of lump-sum taxes). In Proposition 1 we stated the
cases when monetary policy is conducted away from the Friedman rule and hence, monetary
policy is distortionary. To better understand the role played by monetary policy distortions
in these cases, we can analyze a situation when the government is forced to run the Friedman
rule when implementing policy. This involves imposing that the non-negativity constraint, (19)

r (22), be satisfied with equality in the government’s problem for all states. This assumption
eliminates the monetary policy distortion as it forces the government to always implement a
slack cash-in-advance constraint, i.e., to always leave households satiated with money balances.

When monetary policy is unconstrained, the government handles the tradeoff between non-
tradable and public goods efficiently, un = ¥4, but at the cost of distorting the current con-
sumption of non-tradable versus tradable goods—recall from the discussion above, that the gov-

ernment cannot directly affect the latter wedge as p distorts the tradeoff between consumption

13Note that with distortionary taxes, £ is not equal to ur in general; from (24), this would require either the
government budget constraint to be slack, i.e., A = 0, or A(ur + uTTcT) — (YA 4+ T'r = 0. This last case
obtains when ur + urrct = v = 0, while it cannot happen when ur + urrcr > 0 and may be possible when
ur + uTTCT < 0.
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of tradables today versus non-tradables tomorrow. When the non-negativity constraint binds
(either optimally or because it was imposed) the government no longer equates the marginal
utilities for non-tradable and public goods. That is, eliminating monetary policy distortions
leads to an inefficient provision of public goods: un > ¥, (see the derivations in Appendix A.3).

When uy > 94, the equation characterizing the static trade-off faced by the government
becomes more involved to account for this additional wedge, while the equation characterizing
debt choice remains functionally the same as when monetary policy is unconstrained. However,
the values of the Lagrange multipliers on the constraints of the government’s problem are
different, which would have quantitative implications in debt choice and domestic policy. We

analyze these implications in Appendix B.6.

5 Quantitative Evaluation

This section describes how we take the model to the data. We describe the functional forms
adopted for the quantitative analysis and discuss the sources of the parameters set externally.
Then we explain how we set the remaining parameters’ values to match some relevant statistics.
We proceed in two steps. First, we discipline most parameters by calibrating the model without
aggregate shocks, i.e., when s = §. Second, we consider version of the model with either
productivity or terms-of-trade shocks and calibrate the remaining parameters. This two-step
process greatly improves the speed of computation needed for the calibration as most of the
parameters are determined in an economy in which there are no shocks. Appendix B.4 describes
the computational procedure.

5.1 Functional forms

N T

T(. T\~ 3
+ 2 (IC_ZT and v(¢) = “fllﬁp“’ for con-

OLN(CN)170
1—oN
T

The utility functions are u(cV,c’) =
sumption and leisure, respectively. We let 0¥ = ¢ = &, which implies that 1/o represents both
the intratemporal elasticity of substitution between ¢V and ¢! and the intertemporal elasticity
of substitution.

The utility function for the public good is 9¥(g) = o In g, which is a standard representation
in the optimal taxation literature and close to empirical estimates.™

The function F(y™,y") = (1/A)[(y")” + (y7)"]/* describes the labor requirement for
production, where p determines how costly it is to change the composition of 4V and y” that
is produced, in terms of labor units, and A is a measure of labor productivity.

Finally, we assume that the economy experiences a drop in productivity when the govern-

ment is in default. Following Arellano (2008), we allow this penalty to vary with the state of the

14A more general representation with constant relative risk aversion, a® (g™ — 1)/(1 — v), converges to log
utility as v approaches 1. Nieh and Ho (2006) estimate values of v around 0.8. Azzimonti et al. (2016), among

others, use log utility for the public good. See also the discussion in Debortoli and Nunes (2013).
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economy. Productivity, while in the default state, takes the following form: A%/ = A — Q(s)

with Q(s) = max {w1 + wo (5;5) , 0}, where w; > 0 is the intercept and the slope parameter wo
makes the default cost a function of the stochastic variable s. The parameter s represents the
value of s in an economy without aggregate shocks. Note that s is a scalar since we will consider
one type of shock at a time. For the case without aggregate shocks, which we use below to
calibrate the majority of the long-run statistics, the default penalty on TFP is equal to w;.
5.2 Exogenous parameters

Table 1 shows the values of the parameters set externally. The annual risk-free interest
rate is 3%, in line with the average real interest rate of the world since 1985 in King and Low
(2014). We calibrate the value of ¢ to 1.50 so that the Frisch elasticity is one-half on average.'®
Considering the duration of a default episode from Das et al. (2012) and the length of exclusion

after restructuring from Cruces and Trebesch (2013), we choose an expected period of exclusion

after a default of 6 years, which implies 6 = 1/6.

Table 1: Exogenous parameters

Parameter Description Value Basis
T risk-free rate 0.03 long-run average
%) curvature of leisure 1.50 Frisch elasticity
o reentry probability 0.17  exclusion duration
al preference share for ¢! 1.00 normalization
oN curvature of ¢ 0.50 see appendix B.5
ol curvature of ¢! 0.50 see appendix B.5
I elasticity of substitution between y™ and y7  1.50 see appendix B.5
pT terms of trade 1.00 normalization

We set 0V = ¢7 = 0.5. As shown in the previous section, o7 < 1 is sufficient for the non-
negativity constraint in the government’s problem to be satisfied with strict inequality (it is
also necessary when transfers v are zero). In addition, o’V < 1 implies the distortionary-policies
channel has a negative sign, mitigating the incentives to accumulate debt. This choice implies
that imported goods are gross substitutes for non-tradable goods, as in the estimates of Ostry
and Reinhart (1992).16

The value of p, which determines the elasticity of substitution between y~ and 3 in the
cost function, is set to 1.5. A number larger than 1 guarantees that F' is convex and, thus,
ensures that the production possibilities frontier is concave.

o7

In Appendix B.5 we support our choices of o, ¢, and p by studying how varying these

15We can calibrate this parameter externally because we target the value of h.

18However, the estimates in Ostry and Reinhart (1992) are in the range of 1.22-1.27 and our calibration implies
an elasticity equal to 2. In Appendix B.5, we study how our results change when setting 0¥ = ¢7 = 1.5, which
implies that the goods are complements with an elasticity of 0.66.
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parameters affects the response of macroeconomic variables to shocks to the terms of trade.
Though we find that many results are robust to the choice of parameter values, the reactions
of debt spreads, inflation, output and exports favor our benchmark calibration.

Finally, the steady-state value of p’ is 1. Our calibration strategy, described below, is
such that other parameters pin down all external variables. Any value of p! delivers the same
observables, except for the exchange rate, which we do not target. When we allow the terms of
trade to evolve stochastically, we calibrate the stochastic process for Inp} to match the data.
5.3 Calibration of the steady-state economy

We next discipline a set of parameters that are calibrated jointly to match a set of long-run
averages. We use data collected by the World Bank for Argentina, Brazil, Chile, Colombia,
Mexico, Peru, and Uruguay from 1991 to 2018 due to data availability. A significant fraction
of the parameters can be calibrated in a version of the model without aggregate shocks (other
than extreme value shocks), thus reducing the time it takes to calibrate the model and allowing
it to match the targets exactly. We will mention the critical parameter that reproduces each
moment as we explain the choice of targets for exposition. Table 9 in Appendix B.2 shows the

marginal reaction of moments to parameters.!”

Table 2: Calibration parameters and targets

Parameter Value Statistic Target/Non-
stochastic Model
A 1.4575 Real GDP 1.000
I6] 0.8675 Inflation, % 3.800
o 0.1082 Transfers/GDP 0.117
aN 2.6888 Exports/GDP 0.209
afl 0.9265 Employment/Population 0.587
¢ 0.4240 Gov. Consumption/GDP 0.133
BP 0.1854 Debt/GDP 0.185
w1 0.0228 Haircut, Share of Debt 0.305
K 0.0235 Default, % 0.700

We set the steady-state value of productivity, A, so that the steady-state real GDP equals 1,
making some statistics easier to read. When we allow the productivity to evolve stochastically,
we calibrate the stochastic process for In A; to match the data.

The value of the discount factor 8 helps the model produce an annual 3.8% inflation rate.
The parameter v matches the ratio of transfers to GDP, which in the data average 11.7%. The
value of o allows the model to hit the long-run average for the employment-to-population ratio,

0.59. The weight in the utility of the government consumption good, a“, delivers government

1"The corresponding expressions for each target are presented in Appendix B.1.
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consumption over GDP of 13.3%. The parameter a takes a value that allows the model to
reproduce the ratio of exports to GDP, which is 21% in the data.

The values of w; and BP determine the costs and benefits of default, respectively. Thus,
they are used to reproduce the implied haircut obtained by the country in default, which is
30.5% (Dvorkin et al., 2021), and the external debt-to-GDP ratio, which is 18.5%.

The scale parameter in the distribution of taste shocks, x, determines the risk of sovereign
default in the steady-state and is calibrated to reproduce a default rate of 0.7% annual. We
choose a default rate target that is lower than the more typical 2% since in this version of the
model, default only occurs due to the extreme value “non-fundamental” shocks.!®
5.4 Calibration of model with aggregate shocks

We now introduce aggregate shocks to the economy. We consider two cases: one with shocks
to the price of exports, p’, and the other with shocks to productivity, A. We start from the
benchmark calibration of the previous section and modify it so that the models with shocks
predict a higher default rate and fit the targeted levels of debt and haircuts. The remaining
moments, which we targeted in the previous step, do not change significantly when adding
aggregate shocks—see Appendix B.3. The only exception is inflation, which rises sharply during
debt crises, as we explain below; hence, average inflation increases when targeting a higher
default probability, though it is still close to the target for the non-stochastic economy.

For the economy with terms of trade shocks we assume p’ follows the process ln(ptTH) =
ppIn(pl) + epi+1, where epip1 ~ N(O,ag). For the economy with TFP shocks, we assume
that A follows the process In(A¢+1) = paln(A;) + 4441, where €441 ~ N(0,0%). The values
presented in Table 3 are the averages from estimations of these processes for each of the seven
countries we use for our calibration.?

Table 3 presents the recalibrated parameters and how we match the corresponding targets.
We first need to adjust the values of BP and w;. The former targets debt over GDP and the
latter the debt haircut in the event of default. These two parameters interact and cannot be
calibrated independently. We chose values that minimize the distance between models, and
between model and target statistics.

The new parameter to be calibrated is wo, which determines how the cost of default depends
on the state of the economy. This parameter played no role in the non-stochastic economy but

is critical for determining the economy’s default rate with aggregate shocks. We set it so that

18See the numbers calculated by Tomz and Wright (2013) for different sets of countries. Alternatively, we could
target the average EMBI for these countries. Matching the average for about 300 basis points would require a
higher value of k and a smaller value of 5. This alternative calibration yields similar results.

19See the details in Appendix C.2, where we also show that using commodity prices yield similar results than
terms of trade.
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Table 3: Recalibrated and new parameters and targets

Parameter Shock Statistic Target Shock
A p’ A
BP 0.149 0.160 Debt/GDP 0.185 0.173 0.169
w1 0.087 0.068 Haircut/Debt 0.305 0.257 0.230
wo 0.955 1.450 Default, % 2.000 2.140 2.010
Ds 0.880 0.863 Estimation details in Appendix C.2.
Os 0.076 0.031  Estimation details in Appendix C.2.

the model replicates a default rate of 2%, which is standard in the sovereign default literature.
The blue lines in Figure 3 show the cost of default as a function of p’ and A. Our choice of wo
implies critical values for the term-of-trade and productivity, both below their corresponding
steady state value. Below this critical point, the productivity penalty of default is zero; above
it, it is increasing in the value of the stochastic variable. The red dashed lines in Figure 3

correspond to a low-default case, which we describe in Section 6.5.

Figure 3: Cost of default in terms of reduction in TFP
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5.5 Equilibrium policies

Figure 4 shows equilibrium policies conditional on repayment for the model with terms-of-
trade shocks.?’ The x-axis represents the beginning-of-period debt. Each policy function is
plotted for two values of export prices: the steady state value, i.e., p! = 1, and one standard
deviation below that, i.e., p? = e~?». Conditional on repayment, debt choice, the money growth
rate, the tax rate and the exchange rate are all increasing in debt. Note, however, that the
higher the debt, the lower the amount of net new debt being issued. Similarly, the repayment
probability decreases in debt as the incentives to default become larger. Overall, higher debt
requires larger distortions to finance it, which implies faster money printing and higher taxation.

We measure inflation as the growth rate in the consumer price index—see Appendix B.1.

29The economy with productivity shocks features very similar qualitative properties, so we omit its presentation
for brevity.
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Figure 4: Equilibrium policies as functions of debt (p’ shock model)
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Notes: Equilibrium policies conditional on repayment for the model with terms-of-trade shocks as
functions of beginning-of-period debt and for two values of pT.

As such, inflation has two components: non-tradable and imported. Although, the money
growth rate when repaying is increasing in debt, expected inflation is non-monotonic in debt.
It is increasing for low values of debt and decreasing for higher values of debt. The expected
inflation in nontradable goods increases with debt because the money growth rate increases
with debt, a standard result. However, expected inflation in imported goods is decreasing in
debt for large debt values. This pattern occurs because conditional on repayment, an increasing
proportion of debt must be repaid, resulting in exchange rate appreciation. Combining these

two forces results in the non-monotonicity of overall expected inflation as a function of debt.

In terms of allocations ¢V, ¢’', g, y"¥ and h are decreasing in debt (not shown in this Figure),

while y7 is increasing in debt. Higher debt implies larger domestic policy distortions (higher x
and 7) and a higher exchange rate, discouraging imports and promoting exports.

Figure 4 also shows the response to a terms-of-trade shock. Consider an economy at the
steady-state level of p’" and the associated steady-state level of debt (b around 0.22). Imagine
this economy suffers a negative shock to p’, shifting from the blue solid lines to the red dashed
policy functions. The default probability increases due to the adverse shock, which increases
the interest on the debt. In response, the government reduces its indebtedness. To finance this

deleveraging, the government increases the money growth rate, u, and the income tax rate, 7,
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while the nominal exchange rate depreciates. Notably, the response of tradable production, y”,
to a shock to p? depends on the level of debt. When the economy has a high level of debt and
suffers a negative shock to its terms of trade, y” has to increase to reduce the level of debt even
more than before the shock. This behavior is in sharp contrast to an economy with a low level of
debt. In this case, the economy can still borrow to smooth the negative shock, though less than
before the shock, and produce lower tradable output in response to the negative terms-of-trade
shock. In the sections below, we show that these response patterns match the data.
5.6 Seigniorage

Though not directly calibrated, an important moment in our economy is the amount of
revenue raised by seigniorage, i.e., by the creation of money. We define seigniorage as the
change in the supply of money divided by nominal output. Following Aisen and Veiga (2008)
and Kehoe, Nicolini, and Sargent (2020), we estimate that the use of seigniorage in countries we
used in our calibration averages between 2% and 4% of output—see Appendix B.7 for details.

In our model, seigniorage is defined as j;/Y;, i.e., the growth of the money supply divided
by nominal GDP (recall that Y; is normalized by the money stock, as defined in Appendix B.1).
For our calibration, seigniorage is 2.5% in steady state. With either terms-of-trade or TFP
shocks, we get 2.7% on average. These figures are all in the estimated empirical range.?!
5.7 Business cycles statistics

A standard practice is to measure standard deviations and correlations of key macroeconomic
variables in the model-simulated data and compare these with the data from emerging markets.??
Table 4 shows that the benchmark model generates significant variation in the trade balance-
to-GDP ratio and spreads.??> Though not targeted in the calibration, the benchmark model
also reproduces the correlations between output and other relevant variables we observe in the
data. The model replicates three salient properties of emerging markets, namely, that the trade

balance-to-GDP, exports-to-GDP and bond spreads are all counter-cyclical.

6 Aggregate Fluctuations in Emerging Markets
In this section, we study how our model and actual emerging economies respond to shocks

to the terms of trade and productivity. First, we present evidence that there is an increase in

2INote that a small modification of the model, such as adding a velocity parameter in the cash-in-advance
constraint, as we do in Appendix A.5, would allow us to perfectly match the steady state with any specific target
in the empirically plausible range.

22We use time series for the seven countries in our sample to make this comparison. We detrend GDP using a
band-pass filter as in Christiano and Fitzgerald (2003) to separate a time series into trend and cyclical components.
We set the minimum and maximum periods of oscillation of cyclical component at 2 and 16 years, respectively.

23We define spreads as the yield of the bond maturing this period, given the level of debt, B, and the realization
of shocks, s, but before the realization of the extreme value shocks ¢, and minus the yield of a risk-free bond.

That is, Spread(B, s) = (P(B7 5)+ (1 —"P(B,s)) %QD(S))71 - L
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Table 4: Business Cycles Statistics

Data Model with:
pT shocks TFP shocks
Std. Dev. (trade bal./Y) 0.035  0.017 0.015
Std. Dev. (spreads) 3.923 3.303 2.315
Std. Dev. (exports/Y) 0.052 0.021 0.015
Correlation(trade bal./Y, y) -0.357 -0.177 -0.492
Correlation(spreads,y) -0.362 -0.073 -0.187
Correlation(exports/Y,y) -0.178 -0.140 -0.556

Note: Data for Argentina, Brazil, Chile, Colombia, Mexico, Peru and Uruguay
from 1980 to 2018. Y refers to nominal GDP; y is the cyclical components of
real GDP per capita, respectively. See appendix C.1 for details.

the rates of inflation and currency depreciation in periods of debt crises, a pattern that is also
present in the model. Second, we show that the model can reproduce how interest rate spreads,
inflation and currency depreciation respond to shocks to the price of exports and productivity.
Third, we analyze the impact on the real economy. Fourth, we argue that default risk is a
significant factor in explaining the dynamics of inflation and currency depreciation in emerging
markets. Last, we show that the model captures the cyclical properties of domestic policies in
emerging countries and how these are mainly driven by sovereign default risk.
6.1 Inflation and currency depreciation during debt crises

We conduct an event study to understand how inflation behaves during a sovereign debt
crisis, defined as an episode in which there is a sudden increase in sovereign debt spreads. We
follow Calvo et al. (2006) and consider spikes on spreads exceeding two standard deviations
above the prevailing sample mean. We then simulate our model for the cases with terms-of-
trade and productivity shocks and identify debt crises in the same way. We measure the impact
as the percentage point change in the rates of inflation and currency depreciation for the year
of the spread spike, relative to the preceding year. Recall that in the model, inflation has two
components, non-tradable and imported. Appendix C.3 contains all the details of this exercise.

Table 5 shows that there is significantly higher inflation during a debt crisis. Inflation
increases on average by 6.7 percentage points in the year of the crisis. When the sample
is restricted to Latin America, which is closer to the countries in our calibration, inflation
increases by 4.8 percentage points. We find similar patterns in the model, though with significant
differences, depending on the type of shock that hits the economy. When the shock is to the
price of exports, inflation increases by 4.4 percentage points, whereas when the shock is to TFP,
the impact is larger, about 12.7 percentage points.

The last column in Table 5 presents the results for the rate of currency depreciation. In the
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Table 5: Inflation and Currency Depreciation during Debt Crises

Data Model with
All countries Latin America p! shocks TFP shocks

Inflation

1-year interval 6.7 4.8 4.4 12.7
2-year interval 3.8 2.6 2.2 7.2
Currency depreciation

1-year interval 9.0 7.0 16.8 17.0
2-year interval 9.3 6.9 6.3 7.3

data, sovereign debt crises are associated with significant depreciation of the currency. Note
that this depreciation is more significant than inflation both in the data and in the model,
indicating a real depreciation during the crisis year. The difference between depreciation and
inflation is particularly large in the model with shocks to the price of exports, which should
not be surprising given that this shock implies a real depreciation prior to any policy reaction.
Finally, note that debt crises in the data are a combination of potentially multiple shocks, not
just shocks to the terms-of-trade and productivity.

6.2 Dynamics with term-of-trade and productivity shocks

We now analyze how spreads, inflation and currency depreciation respond to shocks to the
terms-of-trade, p’, and productivity, A. Following Jorda (2005) we use local projections to
estimate these responses in the data and the simulated model. The results are presented in
Figure 5. Appendix C.4 explains the regressions in more detail.

The top panels of Figure 5 show how spreads, inflation and currency depreciation respond
when the terms of trade fall by 10%. This analysis resembles the work of Drechsel and Tenreyro
(2017), who estimates the contemporaneous response of Argentina’s spread to terms-of-trade
shocks. They argue that it is reasonable to assume that international commodity prices are
exogenous to developments in Argentina’s economy. They find that “a 10 percent deviation
of commodity prices from their long-run mean can move Argentina’s real interest spread by
almost 2 percentage points” (i.e., 200 basis points). We use a shorter time series, but we
include seven countries and analyze the impact on more variables. To capture the differences in
the international prices relevant to each country, we use terms of trade instead of commodity
prices.2*

The top left plot in Figure 5 shows the response of the EMBI spread to a terms-of-trade

24 As we use terms of trade instead of commodity prices our argument for exogenous shocks is weaker than in
Drechsel and Tenreyro (2017) and the exercise can be interpreted as validating the correlations in the model and
the data.
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shock. In the data, we find that a 10% decline in terms of trade increases the EMBI spread
by about 50 basis points, an effect that persists over the next year and then declines to zero.?
The dashed red line corresponds to the estimation using model-simulated data. The response of
spreads is larger in the model on impact, but smaller in the second period. The overall response

has the same sign and a similar magnitude in the data and the model.
Figure 5: Effect of shocks on inflation and devaluation
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Next, we compare the reaction of inflation to a shock to the terms of trade (top middle
plot in Figure 5), which is helpful to test our assumptions for the inclusion of money in the
model. The results suggest that a 10% fall in the term of trade in the data implies an increase
in inflation of slightly less than 2 percentage points.? The response of inflation is larger in
the model on impact, close to 3 percentage points, but also less persistent. The similarity
between the data and the model is reassuring of our modeling choice for price determination
and inflation.

The top-right plot shows the impact of a decline in the terms of trade on the rate of currency

depreciation. As with spreads and inflation, currency depreciation reacts more on impact in

250Qur estimates are more conservative than Drechsel and Tenreyro (2017) because we include more countries
with fewer debt crises than Argentina. If we consider only Argentina, the estimates are more alike.

26We truncated inflation at 50% annual. Otherwise, hyperinflation episodes in Argentina and Brazil dominate
the value of any statistic.
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the model. After that, the depreciation rate of the currency is negative in the model, indicating
some overshooting when the shock hits.

The bottom panels of Figure 5 show how spreads, inflation and currency depreciation react
to 10% decline to productivity. All variables increase on impact, both in the data and the
model, but there are some differences in the dynamics. In the data the effects of a productivity
shock are more persistent than in the model. Notably, the effect on inflation in the model is
concentrated in the initial period; note, however, that cumulative inflation during the first three
years is similar in the data and the model.

6.3 Impact on economic activity

Figure 6 shows the reaction of real GDP growth to shocks to the terms of trade and pro-
ductivity, using the local projections we described above. The effect of terms-of-trade shocks
on real GDP growth in the data, shown in the left panel, is significantly different from zero but
has large standard errors. On average, real GDP growth falls by about 1 percentage points in
the year that terms of trade fall by 10%. Replicating such an effect in the model is challenging.
Kehoe and Ruhl (2008) show that in a multi-sector model, the first-order effect of changes in
terms of trade on real GDP is zero. Our model allows for a novel mechanism, as policy distor-
tions need to increase to repay the sovereign debt when the terms of trade deteriorate. This
mechanism generates a 0.5 percentage points decline in the year of the shock, which is smaller
than the point estimate in the data but within 2 standard errors. In the literature, there exist

other channels to generate a more prominent effect of terms-of-trade shocks on output.2”
Figure 6: Effect of shocks on GDP growth
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Note: See Appendix C.4 for more information on the regressions.

The right panel of Figure 6 shows the response of real GDP growth to productivity shocks.
The overall message does not change relative to the case with terms-of-trade shocks, though

the magnitudes are now significantly larger. A 10% decline in TFP generates a 12% decline in

2"See Kohn et al. (forthcoming).
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output growth, which reproduces the dynamics of growth in the data remarkably well.

Table 6 shows the volatility of real GDP for the data and the model variants we study.
Although productivity shocks have a smaller standard deviation than terms-of-trade shocks,
real output is more volatile with the former. We find that fluctuations in export prices account
for 18% of the variance in real output, while TFP shocks explain 83%.2® In the empirical
literature, the percent of fluctuations in output accounted for by term-of-trade shocks varies
between about 10% to 40% mainly depending on the country and period considered (Drechsel
and Tenreyro, 2017; Schmitt-Grohé and Uribe, 2018).

Table 6: What Drives GDP Fluctuations?

Models with

Data pT shocks TFP shocks
benchmark low default benchmark low default
Standard deviation (y) 0.038 0.016 0.005 0.035 0.035

Note: Data for Argentina, Brazil, Chile, Colombia, Mexico, Peru and Uruguay from 1980 to 2018. y refers
to the cyclical components of real GDP per capita. See appendix C.1 for details.

6.4 Nominal wage growth

Schmitt-Grohé and Uribe (2016) presents evidence that suggest some degree of wage rigidity
in emerging countries while Na, Schmitt-Grohé, Uribe, and Yue (2018) argues that a devaluation
(and associated inflation) may be an optimal response to shocks that require a downward
adjustment in real wages. Our framework assumes all domestic prices are flexible, so a concern
is whether our results would go through if there were downward nominal wage rigidities. To
this effect, we take our simulations of the models with term-of-trade and TFP shocks, used in
the exercises above, and compute annual nominal wage growth. For each economy, Table 7
shows how frequently nominal wages fall and how frequently they fall by more than 4% yearly,
which is the preferred measure of wage rigidity in Schmitt-Grohé and Uribe (2016) and Na,
Schmitt-Grohé, Uribe, and Yue (2018).

Table 7: Frequency of nominal wage contractions, %

Model with
p” shocks TFP shocks
All contractions 2.92 13.16
By more than 4% 0.04 0.98

With terms-of-trade shocks, the nominal wage growth falls below —4% only 0.04% of the

time, while it is below zero with a frequency of 2.92%. Hence, our results would only change

28We use variances to be able to add the volatility of shocks. However, note that these two numbers do not
need to add to 100%.
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slightly if we introduced a constraint on nominal wage growth. There are two reasons for this
finding. First, annual inflation is about 4.1% on average and so, real wages can decline even
when nominal wages do not contract. Second, in periods of distress, the government in our
model increases the money growth rate; thus, inflation increases, which allows for real wages to
fall even if nominal wages were to also grow at a faster rate, provided they do not keep up with
inflation.

Downward nominal wage rigidity appears to be a potentially relevant concern in the presence
of productivity shocks. In our simulations, nominal wages contract 13.16% of the time. However,
they fall more that 4% only 0.98% of the time. Thus, downward wage rigidity would only be
relevant if we had a strict no-negative growth constraint, but not a particular concern if we
used the estimate in Na, Schmitt-Grohé, Uribe, and Yue (2018).

6.5 The role of sovereign default risk

Our model has two key elements: distortionary domestic policies and sovereign default. We
studied theoretically the role of domestic policies in Section 4.4. Here, we analyze the role of
default risk quantitatively, by comparing how our benchmark calibration and an economy with
low sovereign default risk react to shocks to the price of exports and productivity.

The model is recalibrated to have significantly lower sovereign default risk. Specifically, we
change the default-cost function so that the government is not forced to reduce debt in bad
times. The dashed red lines in Figure 3 from Section 5.4 represent the new cost of default. The
key difference with the benchmark calibration is that the cost of default is independent of the
shock value. As a result, the default probability drops to 0.8%, which is similar to that in the
economy without aggregate shocks. The remaining target statistics are close to those of the
benchmark calibration with aggregate shocks—see Appendix B.3.

To illustrate how the economy with “low default risk” works, Figure 7 shows the relationship
between spreads and the amount of debt issued changes after a shock to the terms-of-trade.?
The size of the shock is again one standard deviation. The left panel shows the benchmark
calibration. The blue line shows the debt-spread relationship before the p! shock and the dashed
red line shows it after the shock. The dots mark the level of debt chosen by the government in
each case. After the p” shock hits, the spread as a function of debt moves up and consequently,
the government reduces its debt—note that even at spreads of 500 basis points, the government
is not be able to rollover the same amount of debt over GDP. The key mechanism at work here
is the same as in models of sovereign default in the tradition of Arellano (2008).

The right panel in Figure 7 shows the case with low default risk. Given the same shock to p”

29A similar pattern is observed for productivity shocks.
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Figure 7: Spreads as a function of debt and p”, benchmark vs low default
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as in the benchmark economy, the relationship between spreads and debt moves considerably
less, so that deleveraging is significantly smaller. Recall that in this case, the cost of default is
independent of the state of the economy. This specification of the default cost, which is closer
Aguiar and Gopinath (2006), will be helpful to understand which of our results derive from
sovereign default risk.

Figure 8 shows the model dynamics of debt, inflation, and currency depreciation after adverse
shocks to the terms of trade (top panels) and productivity (bottom panels). Debt is shown as
deviations from the pre-shock level. The solid blue line represents the benchmark model, and
the dashed-red line the model with low default. We assume that the shock hits each of the
economies after many periods of the exogenous variables (p” and A) being at their mean. The
size and persistence of each shock correspond to the estimates values in the calibration of the
model.

A crucial characteristic of the low-default economy is that debt does not react significantly
to a shock. The second row of plots in Figure 8 confirms that feature of the low-default economy
for both types of shocks. In contrast, in the benchmark economy, debt decreases significantly
after an adverse shock since the government deleverages when facing a steep increase in the
cost of issuing debt. By construction, this increase in spreads does not occur in the low-default
economy. The different reactions of spreads and debt highlight a key mechanism in the sovereign
default literature: emerging markets are forced to repay part of their debt to the rest of the
world after a negative shock. This mechanism is essentially absent when the risk of default is
low enough. Naturally, default risk has implications for policy. The effect of adverse shocks on
inflation and currency depreciation is significantly muted when default risk is low. Thus, this
exercise illustrates the importance of including a sizable sovereign default risk to understand the
response of nominal variables such as inflation and currency depreciation in emerging markets.

To further quantify the importance of sovereign risk for nominal variables, we compute the

variance of inflation and currency depreciation in the simulated time series. In the model with
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Figure 8: Debt, Inflation and Depreciation after a shock
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Note: Terms of trade, TFP and debt are expressed as percentage deviations from steady state, while inflation
and currency depreciation are in percent. The x-axis represents periods after the shock.

p” shocks, the model with low default-risk generates a variance of inflation that is only 11% of
the variance in the benchmark model and a variance of currency depreciation that is 34% of
what it is in the benchmark model. Thus, most of the fluctuations in inflation and depreciation
in the model with p” come from sovereign default risk. Similarly, the variances of inflation and
depreciation for the models with TFP shocks are significantly smaller in the case of low default
risk. In that case, this ratio of variances is 52% for inflation and 27% for currency depreciation,
again suggesting that sovereign default risk is essential for accounting for inflation and currency
depreciation dynamics.

Table 6, presented in the previous section, also shows that default risk plays an important
role in explaining the impact of shock to the terms of trade to the real economy. The standard
deviation of output is significantly smaller in the model specification with low default. In
contrast, default risk is not relevant to understand the contribution of productivity shocks to
output volatility.

6.6 Cyclical properties of domestic policies
We conclude our analysis by studying the cyclical properties of domestic policies. First,

consider monetary policy. Following Vegh and Vuletin (2015), we compute the inflation tax
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rate as inflation/(1+inflation).3°

We then compare the models with shocks to the terms of
trade and productivity, with the average for the seven Latin American countries in our sample,
in terms of the standard deviation of the inflation tax and the correlation between the cyclical
components of the inflation tax and real GDP. Table 8 shows that the volatility in monetary
policy generated by our models is close to that in the data. We also find a negative correlation

between the cyclical components of the inflation tax and output, which the model replicates.

That is, during recessions, when real output falls, the inflation tax increases.

Table 8: Policy over the business cycle

Data Model, shocks

pl TFP
Std. Dev. (inflation tax) 0.036  0.030 0.053
Correlation (inflation tax, y) -0.342  -0.530 -0.656
Std. Dev. (personal income tax) 0.025 0.009  0.008

Correlation (personal income tax, y) -0.171 -0.122 -0.440

Note: Data are the average of Argentina, Brazil, Chile, Colombia, Mexico,
Peru and Uruguay. The variable y is the cyclical component of real GDP per
capita.

Next, we study the behavior of taxation by looking at the cyclical components of the personal
income tax rate and real GDP. The data on taxes for the seven Latin American countries in our
sample comes from Vegh and Vuletin (2015). Table 8 shows that government increases taxes
during bad times; i.e., it engages in austerity during recessions. This policy is optimal in our
model since the government must repay part of the debt to the rest of the world in bad times,
which, as argued above, is a typical feature of emerging markets. The cyclical properties of
fiscal policy stand in stark contrast with the behavior in developed economies, where deficits
rise during recessions (see Frankel et al., 2013).

We now analyze how domestic policies interact with default risk, again focusing on the
shocks we presented in Figure 8. Here, Figure 9 compares the behavior of the tax and money
growth rates in the benchmark economy and the version with low default. The two leftmost
plots show the response of taxes and the money growth rate to a shock to terms of trade.
Recall from Figure 8 that the debt falls considerably in the benchmark economy, while it barely
changes in the low-default economy. The implications of the smaller deleveraging on domestic
policies are significant: in the model with low default risk, taxes and money growth react much
less; and taxes respond in the opposite direction. A similar result is observed for the policy

response to productivity shocks, as shown in the two rightmost plots.

30We detrend the series using Christiano and Fitzgerald (2003) as explained before.
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Figure 9: Response to a Shock in a Simulated Path

pT shock TFP shock
Tax rate, 7 Money growth rate, u Tax rate, 7 Money growth rate, u

23.8 6.5

6

—Benchmark --- Low default

Note: The tax and money growth rates are expressed in percentages. Shocks are the same as in Figure 8. The
x-axis represents periods after a shock.

7 Concluding remarks

FEmerging economies experience recurrent debt crises, in part, due to their tendency to
overborrow during good times. Their fragility to adverse shocks is likely also a consequence of
inadequate economic policy frameworks; for example, a lack of fiscal discipline and excessive
reliance on seigniorage and currency depreciation.

Our paper connects domestic policies to sovereign default and economic outcomes. We
modeled fiscal and monetary policies as inherently distortionary and assumed the government
lacks commitment to both external credit repayment and the conduct of its domestic policies.
Our framework led to new insights into the tradeoffs faced by governments when deciding their
level of indebtedness, the probability of repayment and the determination of domestic policies.
We then showed that the model reproduces standard business cycle statistics, dynamic policies,
and macroeconomic aggregate responses to terms-of-trade and productivity shocks in emerging
markets. The two features considered in this model, risk of sovereign default and distortionary

domestic policies, are essential for the model’s success in replicating data from emerging markets.
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A Theory

A.1 Derivations
In order to characterize the solution to the household’s problem, let x and v denote the
Lagrange multipliers associated with constraints (7) and (2), respectively. The necessary first-

order conditions with respect to (¢V,c’, h,m') for an interior solution are

un —pN(x+v¢) = 0, (33)

up—ex = 0, (34)

o+ x(1—Tw = 0, (35)
E[V,B,Z,s] —x(1+p) = 0, (36)

where V},, denotes the partial derivative of V' with respect to the individual state variable, m.
The corresponding envelope condition implies that V,,, = x + ¢. From (33) and (34) we can

solve for the Lagrange multipliers,

_ Uy _ur
Vo= oo (39)

Replacing these expressions in (35) and (36) yields (8). Using (6) to replace e in (38) and
imposing ¥ > 0 yields (12).

The government budget constraint

Take the government budget constraint (5), multiply both sides by Fxc, use the market
clearing for labor, h = F(y",y"), and conditions (9), (10) and (11) to obtain

TN y") + Fn(uc™ —g—~) — (Fr/p") (" y" — ") > 0.

Next, replace the tax rate, 7, using (13) and the money growth rate, p, using (14) to obtain the

government budget constraint in a competitive equilibrium,
[L—(Fr/p")(ve/ur)|F (N +g,y") = Fn (N +g+7)+B8(Fr/p")E [uye™'|B, L, ] fur—(Fr/p")(p"y" —c") > 0.
Since F(yN,y") = EnyYN + Fry" = Fx(cN + g) + Fry” we obtain

(Fr/ph) {c (v /ur) (CN +g,y7) + BE [u’NcN'|B,I, S] /uT} —~Fyn >0,

which after multiplying both sides by ur(p? /Fr) implies (15).



A.2 Value Functions and Extreme Value Shocks

Given the policy functions, we can define the value functions V¥ (B, s), VP(s) as follows:

VP(B,s) = u(CN(B,s),C"(B,s)) +v(l— F(CY(B,s)+G(B,s), Y (B,s))) +9(G(B,s))
+ BE[V(B(B, 5), s')|s],
VP(s) = u(CN(s),CT(s)) + v(1 — F(CN(s) + G(s), VT (5))) + D(G(s))
+ BE[V(BP, s') + (1 — 6)VP (s3],

for all (B, s).
As described in the main text, the utility shocks e’ and e affect the government’s decision
to repay or default. The assumptions on the distribution of these shocks imply that their

P

difference has mean zero and is distributed logistic; i.e., ¢ = e’ — &P follows

_ oxple/A]
PO T o

where k¥ > 0 is the scale parameter of the distribution, which will be useful to control the
variance of the € shocks.

Recall that the repayment probability P(B, s) can be expressed as
P(B,s) =Pr(VF(B,s) = VP(s) > P —£P).

Following McFadden (1973), this expectation has the following closed-form expression:

~exp[(VP(B,s) = VP(s))/x]
FVI(B,s) = VP(s) = 1 exp[(VP(B,s) — VD(s))/x]

and so,
P s) — VP(s)) = eXp[VP(B,S)/H]
FVEB) = VIO = (P (B, 5)/] + explVE)/a]
Therefore,
o) = exp[V¥(B, 5) /]

P ) = QP (B, 5}/ + e VI ()] )
which, in turn, implies

OP(B,s) _ OV'(B,s) P(B,s)(1 - P(B,s)) (40)

0B 0B K
Next, we can derive a closed-form expression for the expectation of the value function with

respect to the utility shocks:

V(B,s) = E.[V(B,s, e, eP)] = kIn {exp[VF(B,s)/k] + exp[VP(s)/k]} . (41)



Using this expression, we can easily see that

oV(B,s)
a5 = P(B,s)

p
oV a(BB ,S) . (42)
We use (39) and (41) in the formulation of the government’s problem. We use (40) and (42)
when characterizing the choice of debt.
A.3 Full characterization of the government’s problem

We characterize the problem of the government allowing for transfers to be positive, i.e.,
v > 0, and the non-negativity constraint (19) to be potentially bind. These more general
assumptions do not alter the characterization of debt choice, (29). To simplify some of the
notation below, let T'(c™,c”,y”, g;s) = urp’ (Fx/Fr), which is an expression that shows up
in the government budget and non-negativity constraints. Note that I'r = dI'/dc! = T x
(urr/ur) < 0, while the convexity of F' implies that 'y =Ty =T' x (Fnn/Fn — Fnr/Fr) >0
and 'y =T x (En7/Fn — Frr/Fr) < 0. Recall that ® = vy — v F (¢ + g,y7) > 0.

Since the problems in repayment and default are functionally identical with respect to
(N, el yT g), we focus on (PP)-(19). Let & X and ¢ be the Lagrange multipliers associ-
ated with the constraints (17), (18) and (19), respectively. The necessary first-order conditions

with respect to (¢V,cT, yT, g) are

un — vFy — MFn® +9Tn) + C(uyy —Tn) = 0, (43)
ur — & 4+ Mup + uppet —AT7) —(¢Tp = 0, (44)
—ogFr +&p" = A(Fr® +T,) =T, = 0, (45)
—wFy 410, — \(Fy® +4T,) — (T, = 0. (46)
Since I'y =Ty, (43) and (46) imply
G ) (47)
UNN

Suppose ¢ = 0. Then, (47) implies uy = ¥4 and (43) and (45) solve for the remaining

Lagrange multipliers

N oo N~ v
FN® +ATN’
¢ unFr® + 'Y[WFT 'y + (uy — ngN)Fy]
pT(FN(I) +’YFN) ’

Hence, (44) implies

Fro(uy —T) —~ [(quT —veFp) Ty — (uny — ngN)Fy] = pT(uN —veFn)(up + uprct — ~I'r),
(48)

where we used the definition of I' to simplify the expression.



When ¢ > 0, (47) implies uy > 4. Conditions (43) and (45) solve for the remaining

Lagrange multipliers

Vg —vF'n + (uny —Vg) (v /unn)
Fny® +4T'n

A =

1
= Vo (Fr® I, — FnT,, — FpIl
3 T (Fn® £ 7Tn) [ g(Pr® +Ty) — yo(FNTy — Fr N)+<

Hence, (44) implies

un — Yy

> (FrT'y — FnTy)®
UNN

ur(FNy® +1TN) + (Vg — veFn)(ur + urrc’ —AT'7)

uy — 9
+ <IZLNNQ) [FN(UT + UTTCT - ’YFT) — (Frly — FNPy)(Q/pT) + (FN(I) + FYFN)FT]

1
= F [ﬁg(FT(I) + 'YFy) - ’YW(FNFy - FTPN)] (49)

A.4 Proofs
Proof of Proposition 1. (i) Consider the case in which v = 0. Note that (19) implies uy —T' > 0.
Since ® > 0, the left-hand side of (27) is non-negative. Next, A > 0 implies uy — v/Fy > 0.
Hence, uy —T' > 0 if and only if up+uprce’ > 0, while uy —T' = 0 if and only if up+uprel = 0.
If preferences are such that up + uppel < 0, then (27) cannot be satisfied—a contradiction. In
this case, ¢ > 0 and therefore, (19) binds.

(ii) Consider the case in which v > 0 suppose ¢ = 0. From (24) we can write { = ur +

Mur + urrc! —4T'7) and then rearrange (25) as follows
Fr(vg 4+ A®) — plup = p Nug + urre? —y(Tp + 'yl (50)
From (23) Fr(ve + A®) = (uxy — MI'n)(Fr/Fn). Thus, (50) implies
un(Fr/Fn) — pur = p" Mug + uprc” + 40N (Fr/Fy) — Tr — ). (51)

Recall that I'y > 0, I'r < 0 and I'y < 0. Hence, if % < 1, then up + uppe? > 0 and
so, the right hand-side of (51) is strictly positive. Then, ux(Fr/Fy) — pTur > 0 and (19) is
satisfied with strict inequality.

Now suppose (19) is satisfied with equality while ¢ = 0. Then (51) implies ur + uppc! =
—[Cn(Fr/Fn) —Tr —Ty] < 0 and so, % > 1. Therefore, it follows by continuity that

there exists some 67 > 1 such that (19) is satisfied with equality for all %TTCT < 67, In this

. . . . —_— T A~
case, policy is away from the Friedman rule if “%TTC <ol O

. . . . 9VP(B,
Proof of Proposition 2. The envelope condition of problem (PP) implies v 8533 ) — —&. The

derivative of (16) with respect to B’ is:

O|Q(B', 5)B] P(B.,s) [.  9VE(B,s) (1—P(B,s) (B —QP(s)BP)
OB’ :E{ 147 P+ 0B’ K }F}'(w)




Using (40)—(42) and (52), we obtain the following expressions for the first and second terms of
(28)

OEV(B', )5 e
SEST = —EPE )

The last term in (28) requires additional work. Given that P(B’,s’) is the probability of

transitioning from Z = P to Z' = P for all (B’,s’), we can write
E [u’NcN']P, s] =F [P(B', s')uEVCN' +(1-P(B, s’))ﬂg\,@N"s] ,

where u/\,CY corresponds to the repayment state tomorrow, Z' = P, and u/\C™' corresponds
to the default state tomorrow, Z' = D. Note that the expectation on the right-hand side (only
conditional on s) is taken with respect to s’. We can take the derivative of the expression above

with respect to B’ to obtain
OE [u)ycN'|P, 5]
0B’

where CN’ and P denote the derivatives of C (B',s') and P(B', s') with respect to B’. Recall

=FE [P(B’, ) (uy + uyyCNNCE + (e — a’]\,éN’)Pg]s] ,

that, when in default, allocations are not a function of B, i.e., C™V(s) and so C’g' = 0. From

»
(40), we have an analytical expression for Pj and from the envelope condition, 8\/87533,3) = -¢.

Thus, we obtain
OE [u)y | P, 5]
0B’

! AN/ _ =!I AN/ _ /o /
=B { P |(uy + uneVely - NS INEO SR E]

We now have all the elements to write the equation characterizing debt choice.

Proof of Proposition 8. Consider the EG real allocation (f)” eV eT 9T §) that solves the prob-
lem (PPEP) where lump-sum, unconstrained taxes 7 make the government budget constraint
becomes (31). In order to prove this result, we first solve the problem (PPEP) and then we
construct the monetary policy and taxes (fi,7) as well as the prices (ﬁN ,€,) that support this

allocation as an equilibrium in our setting.

The necessary first-order conditions characterizing the EG real allocation are

iy = UoFn, (53)
bFr = plir, (54)
J, = 0FN, (55)

which imply ﬁf;# = GpFy; ie., the non-negative constraint (19), which we ignore to derive



the EG real allocation, is satisfied with equality. The balance of payment implies

pyt =T +Q(B',s)B'—B = 0. (56)

We now construct the policies and prices that support the EG real allocation, we have that the

price of non-tradable goods and wages are determined by

1
~N _
p - éN’

AN
D
o= =,

Fn

while the exchange rate is determined by
P Fr
vl Ey’

>
Il

The monetary policy has to be tailored so that
BE [@yéN'|B, T, ]
areNpT (Fx [ Fr)

o=

as it has to decentralize money holdings such that m’ = m = 1. Since “Zf T — 4pFy, we obtain

BE [@yéN'|B, T, 5]

= — 1. 57
On the other hand, taxes are given by
by F
F=1- LT,
ur p

Finally, lump-sum transfers are designed to make the budget constraint of the government

(31) hold so that

O

Proof of Proposition 4. As shown in Proposition 3, the real EG allocation implies zero labor
taxes when monetary policy is given by (32). Thus, combining the balance of payments with

the government budget constraint when lump-sum taxes are not available implies
elQ(B',5)B' = Bl =" (g +7) — it (58)

i.e., a non-linear first-order difference equation in domestic debt, B.

First, consider a steady state in an environment with no aggregate shocks s. Since g+~ > 0
and i < 0 (see (57) above), imply é > 0 and Q(B',s) < 1, it follows that any steady state
would require B < 0; i.e., the government must accumulate a sufficiently large amount of assets

to finance its expenditures. This asset position would never be reached, as (58) implies that the



amount of B is strictly increasing and positive when the initial stock of debt is positive.
Consider now the general case in a stochastic environment. Observe that since p~ (§ +7) —

i >0, then B > 0 implies that B’ > 0 as

B/ o . ﬁN
>O(B,s)B' = B+

(1+7r)— @ )

G+ -7, (59)

o=

é

and so B’ > (1+7r)B+ (1+7) <ﬁ2j (G+7~)— “) Therefore, as r > 0, the sequence of debt

e

for this allocation is strictly increasing and unbounded as long as By > 0. We argue that this

cannot be an equilibrium path. To see this, define 47 as the unique solution to F(0,%7) = 1,

i.e., the highest level of the tradable good that can be produced as h = 1 and g% = ¢V 4+ § = 0.
Let p? = maxp” and conjecture that Q(B',s) = 0 for all B’ > @]JTQT and all s. From

the balance of payments, non-default tradable consumption can be written as

. AL - . AL - T 1 (1+r) 5 T

¢" = QB 5)B' +p"y" = B<max{Q(B,s)B} +p'y" — B < m(r)pTyT +p'y" - B.
(60)

Therefore, if B = (ITﬁgT, then (60) implies that non-default tradable consumption cannot

be positive and leads to a contradiction, as the EG allocation is interior and consequently the
outcome must be default; i.e., @ (urLr)yT, s) = 0 for all s. Therefore, since @ is decreasing,
Q(B',s) =0 for all B’ > @ng and all s and validates the conjecture.

To conclude the proof, observe that as the sequence of debt would be strictly increasing

and unbounded, it would be larger than @ﬂT in finite time and thus contradicts (59) since

Q(B',s) = 0 for all B’ > 15T and all s . 0

A.5 General cash-in-advance constraint

In this section we consider a version of our model with a more general cash-in-advance
constraint. Following the rationale provided by Lucas (1980) one could think of an agent in our
economy as being split in three: a shopper for non-tradable goods, an importer and a worker.
Shopper and worker set off at the same time, which means that the shopper cannot use money
acquired in the period to make purchases, i.e., needs to use money acquired in previous periods
as rationalized by constraint (2). In our benchmark model, the importer is assumed to trade
on credit, so money is not necessary to purchase imported goods. Alternatively, if the importer
sets out after the worker comes back or if imports are purchased on credit but required to be
settled in domestic money by the end of the period, then a cash-in-advance constraint on the
purchase of imported goods would not bind, as some money would still need to be carried over
to purchase non-tradable goods at the beginning of the following period. The budget constraint
would thus be sufficient to guarantee that the household has enough money to purchase and

settle imports. Hence, for a cash-in-advance constraint to also be relevant for imported goods,



we must assume that the importer sets out at the same time as the shopper and is required to
settle purchases in domestic currency immediately and not on credit.3!

In the analysis that follows, we assume that proportions 8 and 67 of expenditures on
non-tradable and imported goods, respectively, must be supported by previously accumulated
money balances. These proportions could be lower, equal or greater than one. One important
caveat is that # and 67 must be different since, otherwise, the problem is not well defined. For
the symmetric case when 0 = 67, we study the limiting case as 7 — 0¥ = §. We find that
this case implies that monetary policy follows the Friedman rule, which would be inconsistent
with the data on monetary policy and inflation in emerging markets.

Consider then a general version of the cash-in-advance constraint:
OV pNeN 0T et < m. (61)

where OV >0, 7 > 0 and 6V #* 67,

The solution to the representative household’s problem must necessarily satisfy

1 -7)w (urd  uno”
_ = 2
oN —oT \ ¢ iy ve (62)
N r N —=0T) w1 —0N

plus constraints (61) and the budget constraint (7).

In equilibrium, we obtain:

F
N N
pu— . 64
p QNCNFN + gTCTFT/pT ( )
. (65)
w = .
HNCNFN + HTCTFT/pT
Fr/pT
. T/p (66)

T ONNEy + 0Tl Fr/pT”
Finally, the Lagrange multiplier associated with the cash-in-advance constraint must be

non-negative, which implies the following equilibrium condition:
1 UN ur
—_— — — — | > 0.
(o) (i~ ) 20 o7

Note that this condition would not be well-defined if §7 = 8V = 4.
The expressions for the tax rate and the money growth rate are, respectively,
B (0N — 0T )v,
ONp™ (ur/Fr) — 0" (un/Fy)’

31Note that the argument still applies if imports are purchased with foreign currency but currency exchange
markets are subject to similar timing and settlement assumptions we described.

(68)

T=1




_ BE{[0Y M Fy + 67 (Fr/p™)] [(1— 67)(uy/Fy) — (1= 6™)p" (up/Fp)] |B T s} (69)
o [ON N Fy + 0T (Fp /ph)} [0V pT (ur /[ Fr) — 0T (un /FN)] '

Finally, following the steps described in Section A.1 for the benchmark case, we obtain the

government budget constraint in a monetary equilibrium:

(0N p" (ur/Fr) — 0" (un /FN)] [(1 = 0N)Fxne™ + (1= 607)(Fr/p")c" = Fyy) = (0N — 0w (™, y")
+ BE{ [0V N Fy + 07T (B /p™)] [(1 = 07)(uly /Fr) — (1= 0M)p"" (up/Fr)] | B, Z, s} > 0. (70)

To summarize, policy rates 7 and p are given by (68) and (69), respectively. Implementability
is restricted by the non-negativity constraint, (67), the government budget constraint (70) and
the balance of payment (4).

We now consider the limiting case, §7 — #Y = . The inequality condition (67) implies that

. UN ur
lim —_— — —— ] =0. 71
0T 9N <FN Fr /pT> (71)

If this were not the case, the limiting Lagrange multiplier on the cash-in-advance constraint
would not a finite number. We can now derive expressions for taxes and money growth. Starting

with (68), we rewrite it as

N
(5 — D

o " (ur/Pr) — (un/Fy)

(72)

When z—;\f = 1, the equation above is not well-defined as (71) leads to 0/0 when g—;’ =1. To
analyze the case with ‘Z—JTV = 1, we apply the L’Hopital’s rule, which implies that

veFr veFN
T=1-—F—=1-
b ur (0

(73)

as 07 — 6N = 6. Note that this expression is the same as the one in the benchmark case,

wFn
un
As with the tax rate, we can rewrite the expression for the money growth rate using (69) as

equation (13). Also, given (71), the tax rate may also be expressed as 7 =1 —

follows,

9N

BE{ |G N Fe + T (Fy /™) (G = (i /FR) = (G = 5 )p™ (wip/ Fy)| |B.T, 5}

|G F + ¢ (Fr/p")| [ 479" (ur/ Pr) = (un /)]

= — 1.
When 67 = 9N = 0, it follows that

_ BE{ [V Eg + ¢ (Fp/r™)] (3~ 1) [/ FR) — 0" (e /Fp)] |B.Ts)
[ Fyy + X (Fr /o™ 7 (ur/Fr) — (un [Fw)
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which by (71) would not be well-defined. Hence, apply the L'Hopital’s rule for 87 — 6V = 6

and obtain
BB E ™ Fp)| BT 5]
CNFNpT(uT/FT)

which, given (71), simplifies to
BE [CN/UQV’B,I, s]

- 1.
CNUN

M:

As mentioned above, we find that monetary policy implements the Friedman rule when 6V = 67
As a final note, we made the derivations above using 87 — 6~ = 0. The same results apply

when instead using 6V — 67 = 6.
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B
B.1

Note that inflation and currency depreciation are corrected by the money growth rate, since

Quantitative Results
Definition of macroeconomic aggregates
Nominal GDP (in pesos, normalized by the money stock),

T T, N N
Yi=epryr +pp v -

GDP in foreign currency (USD),

1
VOO = plyl + o

The GDP deflator (in pesos, normalized by the money stock)

T, T N, N
ey by
= ()t ()

Real GDP,

Y

yiti= 1.
t Pty

Consumption expenditures (in pesos, normalized by the money stock),

T, N.N
Ci=eic; +ppc .

Consumption price index (in pesos, normalized by the money stock),

€CT NCN
Ptc: (C) er + <pc,>piv

Inflation, measured as the change in the consumption price index,

pPF
Tt = (1+p—1) —1
P,
Currency depreciation
e
A= —(4p)—1
€t—1

prices are normalized by the money stock.

B.2

To provide a heuristic proof of identification, we compute how each parameter would change
if we change one target at a time by 10 percent. The results, presented in Table 9, justify the
link between parameters and targets mentioned in the calibration section. The first column
shows how each parameter changes when we target a default rate 10 percent larger, i.e., 1.1

percent instead of 1 percent. Note that the more significant change is for k. By increasing s

Identification
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Table 9: Percent change in each parameter when a target is increased by 10 percent (p’ shock)

Target increased by 10 percent
Default Debt Haircut G Hours Exports Inflation Transfers Real GDP

K 9.68 8.99 6.07 -11.79  57.65 6.39 7.34 -22.34 4.88
BP 0.00 10.00 -4.39 0.00 0.00 -4.13 0.00 0.00 10.00
w1 3.39 9.33 5.85 -4.95 2231 5.95 2.74 -9.61 0.00
o 0.02 0.23 0.01 11.72 -4.22 -7.92 -0.27 3.17 4.88
ot 0.01 0.07 0.00 -1.80 -27.77  -6.86 0.33 -1.52 4.88
aN 0.02 0.23 0.01 0.53 -4.22 -9.32 -0.27 3.17 0.00
B -0.01 -0.09 0.00 -1.54 4.40 1.25 0.64 -3.07 0.00
vy 0.00 0.00 0.00 0.00 0.00 -0.15 0.00 10.00 10.00
A 0.00 0.00 0.00 0.00 -9.09 -1.03 0.00 0.00 10.00

Note: Each number represents the percentage change in the parameter when the target is increased by 10 percent.

9.68 percent and adjusting all the parameters (except wy) very slightly, the model can replicate
all the targets perfectly. Thus, we selected k as the critical parameter to obtain the default
rate.

In the second column of Table 9, we present the percent change in each parameter that
would allow the model to replicate a debt to GDP ratio 10 percent larger. In addition to the
change in k, which we already show is key to replicating the default rate, the most substantial
change is in BP followed by wi. Clearly, these parameters are important to determine debt
because they determine the benefits and costs of default. We pick BP for debt because its
adjustment is larger and highlights w; for matching haircuts because it is the larger adjustment
to match the haircut among the remaining parameters.

Continuing with the same logic, we connect each parameter in Table 9 with a moment.
B.3 Calibration

When we calibrated the models with aggregate shocks we only targeted debt over GDP, the
default probability, and the debt haircut when defaulting. As shown in Table 10, other moments
are all very close to the data, except for inflation that it is equal to 4.375% for the model with
TFP shocks, while it is 3.8% in the data.

B.4 Computational procedure

The equilibrium is solved globally, using the equations derived above. The algorithm uses
21 equally spaced gridpoints for debt, between 0 and 1.5, and 21 gridpoints for p” or TFP esti-
mated with the Tauchen method with a bandwidth of 2 (i.e., a multiple 2 of the unconditional
standard deviation). To compute expectations we interpolate policy functions with a modified
Akima piecewise cubic Hermite interpolation in a dense grid of 20001 equally spaced points in

debt and 501 equally spaced points in p? or TFP for which we estimate its corresponding tran-
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Table 10: Averages of simulated data in economies with aggregate shocks

Data Shocks to p” Shocks to TFP
Benchmark Low default Benchmark Low default
Real GDP 1.000 0.996 0.998 0.992 0.995
Inflation, % 3.800 4.136 3.909 4.375 4.143
Transfers / GDP 0.117 0.118 0.117 0.118 0.118
Exports / GDP 0.209 0.208 0.207 0.209 0.209
Employment / Population 0.587 0.586 0.587 0.586 0.586
Gov Consumption / GDP  0.133 0.133 0.133 0.134 0.134
Debt / GDP 0.185 0.173 0.173 0.169 0.173
Default probability 0.020 0.021 0.008 0.020 0.008
Haircut, Share of Debt 0.305 0.257 0.257 0.230 0.257

sition matrix with the Tauchen method.??> We experimented with different grid sizes, different
interpolations schemes (e.g., linear), and different ways of computing the expectations (e.g.,
computing its corresponding integral). The final choice of grid points and methods is the most
efficient allocation of computing time. For example, either computing the integral, or increasing
the size of the grids, deliver the same solution but require more computing time.

B.5 The choice of p, o, Oy, and 01

This section discusses the choice of o = ¢7 = 0.5, p = 1.5, Oy = 1, and 67 = 0 by
comparing the results for alternative parameters. In particular, we consider three alternatives:
(i) o = o7 = 1.5; (ii) p = 2; and (iii) Oy = 0.95 and 7 = 0.40. Recall that we set
oV =07 = 0.5 because 0 < 1 is sufficient for the non-negativity constraint in the government’s
problem to be satisfied with strict inequality (it is also necessary when transfers 7 are zero).
The value of p determines the elasticity of substitution between 3" and y” in the cost function
and is set to 1.5. A number larger than 1 ensures that the production possibilities frontier
is concave. The cash-in-advance constraint in our benchmark model assumes money is only
used to finance the purchases of non-tradable goods. In Section A.5 we presented a generalized
version of this constraint. Using the notation from the general version, our benchmark case sets
Oy =1 and 07 = 0.

We re-calibrate the model with p” shocks to ensure that each alternative calibration fits the
targeted moments well. Next, we evaluate the non-targeted statistics in Tables 4, 6 and 8. We
present all the moments in Table 11, where we added at the bottom the average for all moments
of the absolute percentage distance between data and model. This last statistic is revealing of

how better our preferred calibration fits these moments. This measure of the fit of non-targeted

32The interpolated value at a query point is based on a piecewise function of polynomials with degree at most
three evaluated using the values of neighboring grid points in each respective dimension. The Akima formula is
modified to avoid overshoots.
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moments in twice as large for the economy with p = 2 and a bit more in the economy with
o = 1.5. It is only slightly higher for the economy with 65 = 0.95 an 67 = 0.40.

We find that the economy with ¢ = 1.5 does the worse job a fitting data moments because
it generates a positive correlation of trade balance/Y with output, a negative correlation of
real expenditure with output, no correlation of real consumption and real output, and almost
acyclical inflation. In the case of the economy with p = 2, the poorest fit is due to the fact that

it generates a positive correlation of exports/Y with output and pro-cyclical tax rates.

Table 11: Business Cycles and Policy Statistics for Alternative Parameters (p” model)

Data Benchmark p=2.0 oc=15 60y =0.95

O = 0.40
Std. Dev. (y) 0.038 0.016 0.006 0.008 0.016
Std. Dev. (trade balance/Y) 0.035 0.017 0.008 0.007 0.018
Std. Dev. (¢) / Std. Dev. (y) 1.193 2.478 3.980 1.772 2.290
Std. Dev. (spreads) 3.923 3.303 2.097 1.213 4.011
Std. Dev. (exports/Y) 0.052 0.021 0.014 0.012 0.023
Std. Dev. (depreciaton) 0.196 0.102 0.086 0.102 0.112
Correlation(trade balance/Y, y) -0.357 -0.177  -0.288 0.275 0.062
Correlation(c,y) 0.846 0.589 0.723  -0.064 0.374
Correlation(spreads,y) -0.362 -0.073  -0.132 0.260 0.033
Correlation(exports/Y,y) -0.178 -0.140  0.107 0.302 -0.058
Correlation(depreciation,y) -0.252 -0.226  -0.316 0.278 -0.006
Correlation(depreciation,spreads) 0.431 0.205 0.261 0.291 0.174
Corr. (inflation tax, y) -0.214 -0.530  -0.665 0.108 -0.255
Corr. (real expenditure, y) 0.260 0.467 0.709  -0.275 0.290
Corr. (personal income tax, y) -0.171 -0.122 0.237 0.364 -0.253
Average of absolute percentage distance to data - 0.567 1.029 1.374 0.610

Note: Data is the average of the numbers Argentina, Brazil, Chile, Colombia, Mexico, Peru and Uruguay. The
variable y is the cycle of GDP. The inflation tax is defined as in Vegh and Vauletin (2015): inflation/ ( 1 +
inflation).

For the economy with 6y = 0.95 an 67 = 0.40, we find that the volatilities of the trade
balance-to-GDP ratio, interest rate spreads and exports-to-GDP ratio are similar to the bench-
mark calibration. However, the alternative economy has counterfactual cyclicality of the trade
balance, spreads and exports (i.e., the correlations of these variables with GDP have the opposite
sign in the data).

B.6 The role of fiscal and monetary policy distortions

Consider a version of our model in which we remove the monetary policy distortion. Specifi-
cally, we modify the problem of the government by imposing that the non-negativity constraint
(12) be satisfied with equality. This assumption eliminates the monetary policy distortion as it
forces the government to always implement a slack cash-in-advance constraint (i.e., households

are satiated with money balances). Analitycally, this situation corresponds to the case ¢ > 0,
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derived in Appendix A.3.

We computed the deterministic steady state of the economy without monetary policy distor-
tions and compared it to our benchmark case. The results displayed in Table 12 show the effect
of monetary policy distortions for some key macroeconomic variables. Notably, inflation would
be 17 percentage points lower if we remove monetary distortions. Consequently, the tax rate
would be significantly higher (12.3 percentage points) in the economy without monetary distor-
tions. Other variables also change as a consequence of the change in the mix of monetary and
fiscal financing of government expenditures. The clearest example is that real GDP would be
more than 3 percent lower in the economy without monetary distortions. This is a consequence
of relying too heavily on taxation to finance government expenditures, i.e., of implementing a

suboptimal policy mix.

Table 12: Steady state statistics

Benchmark No monetary Lump-sum

distortions taxes
Real GDP 1.000 0.967 1.117
Inflation, % 3.800 -13.300 -13.300
Revenue / GDP 0.231 0.353 0.332
Exports / GDP 0.209 0.169 0.170
Gov. Consumption / GDP 0.133 0.135 0.129
Debt / GDP 0.185 0.174 0.164
Haircut, share of debt 0.305 0.304 0.358
Default probability, % 0.700 0.689 1.051

The last column in Table 12 presents steady state moments for the economy with lump-sum
taxes. As we show in Section 4.4.2, this economy has no fiscal or monetary policy distor-
tions. Inflation and tax revenue are similar to those in the economy with no monetary policy
distortions. The absence of any policy distortions implies the economy is significantly larger:
real GDP is about 12% higher than in the benchmark economy. Interestingly, the economy
with lump-sum taxes displays the lowest debt-over-GDP ratio and the highest debt haircut and
default probability.

B.7 Seigniorage in emerging countries

The most consistent reference for seigniorage in emerging markets is the IMF. Following
Aisen and Veiga (2008), seigniorage is measured as the change in reserve money (line 14a IFS)
over nominal GDP (line 99a IFS). The first column in the following table provides the values
for the countries for which we calibrated the model, taken directly from Aisen and Veiga (2008).
On average, the measure they consider for seigniorage is 4.1 percent for the countries in our

sample. There are important differences across countries, ranging from 1.9% in Colombia to

16



Table 13: Seigniorage in Emerging Markets

Aisen and Veiga (2008)

Aisen and Veiga (2008)

Kehoe et al. (2020)

(original) (updated) (original)
Argentina 0.060 0.045 0.022
Brazil 0.036 0.033 0.019
Chile 0.069 0.029 0.021
Colombia 0.019 0.016 0.010
Mexico 0.022 0.018 0.017
Peru 0.034 0.032 0.021
Uruguay 0.049 0.029 0.026
Average 0.041 0.029 0.019

over 6.9% in Chile.

The second column in Table 13 presents our replication and extension of the measure pro-
vided by Aisen and Veiga (2008). We extended the sample period from their last observation,
1999, to the more recent observation for each country in the IFS data set. The average measure
of seigniorage is now significantly lower, 2.9 percent, indicating that the use of seigniorage has
declined over time for these countries. This is to be expected as these countries continue to
develop and the quality/independence of their central banks improves. The last measure that

we consider is from Kehoe, Nicolini, and Sargent (2020), whose average for the countries we

consider is a bit lower than our updated number for Aisen and Veiga (2008).
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C Data

C.1 Data Sources
This section lists the sources for all the variables used in the main body of the paper.

Variables in Table 2 and 3:

e “Inflation” is Inflation, consumer prices (annual %) from the World Bank. Indicator Code

FP.CPL.TOTL.ZG.

e “Transfers/GDP” constructed as the product of two series from the World Bank. Subsidies
and other transfers (% of expense) with indicator code GC.XPN.TRFT.ZS and Expense
(% of GDP) with indicator code GC.XPN.TOTL.GD.ZS.

e “Exports/GDP” is Exports of goods and services (% of GDP) from the World Bank.
Indicator code NE.EXP.GNFS.ZS.

e “Employment/Population” is Employment to population ratio, 15+, total (%) (modeled
ILO estimate). Indicator code SL.LEMP.TOTL.SP.ZS.

e “Gov. Consumption/GDP” is General government final consumption expenditure (% of

GDP) from the World Bank. Indicator code NE.CON.GOVT.ZS.

e “Debt/GDP” is Public External Debt (%GDP) computed using the ratio of the following
two variables from the World Bank. External debt stocks, public and publicly guaranteed
(PPG) (DOD, current USS$) with indicator code DT.DOD.DPPG.CD and GDP (current
US$) with indicator code NY.GDP.MKTP.CD.

e “Haircut, Share of Debt” is the median “SZ haircut, HSZ” in Table 1 of Dvorkin et al.
(2021).

o “Default rate” is obtained from Tomz and Wright (2013). They construct a database of
176 sovereign entities spanning 1820 to 2012. The frequency of default is sensitive to the
sample being analyzed. They mention that their findings are “similar to the 2% default
probability that is a target for many calibrated versions of the standard model,” which
is the number we use as well. The unconditional probability of a country with positive
debt (a borrower) defaulting on debts owed to commercial creditors is 1.7% per year.
Nevertheless, this probability is higher in developing countries. Note also in Figure 2
of Tomz and Wright (2013) that in a typical year, there are no defaults or there is one
country in default. We considered this fact when calibrating a significantly lower default

rate in the model with only € shocks.
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The sources for variables used in Table 4 and 8 are:

e “Real GDP growth” is GDP per capita (constant LCU) from the World Bank. Indicator
Code NY.GDP.PCAP.KN.

e “Trade balance” is Trade balance (% GDP) computed using two variables from the World
Bank. Trade (% of GDP) with indicator code NE. TRD.GNFS.ZS and the variable Exports

of goods and services (% of GDP) mentioned above.

e “Spreads” is the J.P. Morgan Emerging Markets Bond Spread (EMBI+) obtained from
the World Bank. Indicator Id: EMBIG.

The additional sources for Table 8 is Vegh and Vuletin (2015). For taxes, we use the file they
made available, “data_AEJEP.dta”, and using the variable “individual_tr,” we follow the same
detrending procedure to make the correlation more comparable. For this variable, Vegh and
Vuletin (2015) present in Figure 11 the correlation in growth rates; i.e., the correlation between
the change in the personal income tax rate and GDP growth. If we follow that procedure, our
results confirm the similarity of the model and the data—we obtain —0.2319 in the model and
—0.1009 in the data.

C.2 Estimation of a stochastic process for terms of trade and productivity

We use data on terms of trade from ECLAC - CEPALSTAT, Economic Indicators and
statistics, External sector. The index is called “terms of trade and purchasing power of exports”.
We also use the time series of commodity prices used by Drechsel and Tenreyro (2017). Before
estimating the autoregressive process, we take logs of the series and subtract the mean. Table 14
presents the results. The time period is 1980 to 2019. The coefficients p, and o, are both similar
for all the seven countries, so we use the average in our benchmark calibration. It is reassuring
that the estimation results for the commodity price index presented at the bottom of Table
14 are also quite similar to the average. We did not de-trend the series before estimating the
stochastic process so as to include long-duration cycles in the terms of trade (often referred to as
“super-cycles”) in our quantitative exercises and keep the model and the data more comparable.
We have also estimated these stochastic processes after de-trending the time series for terms of
trade. The main difference is that the resulting value of p, is smaller, which implies that shocks
are less persistent.

For productivity we use the Penn World Table version 10.0, variable r¢fpna (TFP at constant
national prices). Before estimating the autoregressive process, we take logs of the series and

subtract the linear trend. Table 14 presents the results. The time period is the same as for
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terms of trade, 1980 to 2019. The coefficients p;f, and oy, are both similar for all the seven

countries, so we use the average in our benchmark calibration.

Table 14: Estimation of process for shocks: p? and tfp

pl TFP
Number of years Pp op Ptfp Otfp
Argentina 40 0.9303 0.0608 0.7759 0.0433
(0.0568) (0.0064) (0.1072) (0.0062)
Brazil 40 0.8746 0.0657 0.8158 0.0270
(0.0760) (0.0072) (0.0575) (0.0027)
Colombia 40 0.9187 0.0847 0.8796 0.0139
(0.0585) (0.0095) (0.0905) (0.0015)
Mexico 40 0.8216 0.0702 0.8765 0.0251
(0.1339) (0.0036) (0.0556) (0.0023)
Chile 40 0.9139 0.1021 0.9066 0.0289
(0.0871) (0.0106) (0.0906) (0.0024)
Peru 40 0.9329 0.0733 0.9171 0.0444
(0.0729)  (0.0063) (0.0533) (0.0040)
Uruguay 40 0.7706 0.0717 0.8712 0.0369
(0.0926) (0.0072) (0.0432) (0.0031)
Average 0.8804 0.0755 0.8632 0.0314
Commodity 36 0.8757 0.0910
price index (0.0965) (0.0134)

Note: Standard errors in parenthesis.

C.3 Event Study Selection

We use quarterly data on EMBI+ Sovereign Spread data from Bloomberg to select the
episodes of debt crisis. The series are in basis points and cover 13 emerging market countries
and extend from 1997Q1 to 2021Q4, depending on the country. The countries are Argentina,
Brazil, Colombia, Croatia, Hungary, Indonesia, Mexico, Peru, Philippines, Russia, South Africa,
Turkey, and Ukraine.

Following Calvo et al. (2006), episodes are initially flagged if the EMBI+ spread is larger
than the sample mean plus 2 standard deviations. The sample mean and standard deviation
are calculated without spread observations above the 95th percentile to avoid increasing these
values with extreme observations. Episodes are dropped if the EMBI spread never reaches
500 basis points or if the peak is small relative to previous country events (e.g. Ukraine in
2020). Additionally, episodes are dropped if the spread is within 100 basis points in the prior
year without continual increases (up-down scenario). This is done to limit volatile events. For
example, assume 2007Q3 is flagged as an event start for a country with a spread of 750 basis
points. If the spread in 2007Q1 is 700 basis points and then drops to 600 basis points in 2007Q2

and then increases to 750 basis points in 2007Q3 then we remove the flag. Given the flag is
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time t=0, this procedure is applied to t=-4, t=-3, and t=-2, i.e., the quarters in the year prior
to the event flag, except the one directly before. We do not include the quarter directly before
the flag in question (t=-1) since it cannot be determined if the spread declined between the two
values. To these episodes we added others for which four conditions are satisfied: the spreads
increase to over 500 basis points, there are no “up-down” patterns, the peak is not small relative
to previous country events, and there is a known event that occured (the 2007-09 GFC shock).
This adds events in 2008 for Peru, Phillipines, and Russia. Once we have an episode, quarters
leading to that episode are flagged as part of the event if spreads are significantly increasing at
that point. This is measured by if the change in spread from previous quarter is greater than
90 basis points or the year-over-year growth rate is greater than 75 basis points. This is done to
better capture the beginnings of some crises. If there are only 1 to 3 unflagged quarters between
flagged quarters for a country, we count those two flags as the same event. After we have the
episodes selected, the event start (t=0) is marked as the first quarter flagged. For example, if
an episode has flags from 2005Q1 to 2007Q2 then t=0 would be 2005Q1.

The inflation series are end-of-quarter consumer price index values retreived from either IMF
International Financial Statistics (IFS) or the country’s statistical agency via Haver Analytics,
depending on availability. The indices are used to calculate year-over-year percent inflation.
Croatia, Mexico, and Ukraine inflation data are from IFS. Argentina inflation data are from
Cavallo and Bertolotto (2016). All others are from the Emerge database in Haver Analytics.
The measure of inflation is truncated at +/- 50 percentage points to reduce the weight of
extreme events.

For the table, we presented the difference in inflation (and depreciation) between one period
before the shock (t=-1) and the period of the shock (t=0). Since the model is yearly and the
data is quarterly, we take end-of-period inflation values over 4 quarters in the data. We take
the 4 quarters preceding the event to be period -1, so the end-of period value is inflation in the
quarter prior to the event start. Likewise, we take the 4 quarters including and directly after
the event as period 0, so the end-of-period inflation is the value in the third quarter after the
event. The same process is implemented to obtain end-of-period depreciation.

For the model, we need to adjust the criteria that the spread must be at least 500 basis
points because the period is year. We take the average spread in selected events in the data
from the quarter of the event (t=0) to the third quarter after the event (t=3). The minimum
of these averages is 379 basis points, which we use for the model’s lower threshold for event

selection.
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C.4 Local projections

We consider four alternative left-hand-side variables: inflation, currency depreciation, EMBI
spreads, and GDP growth (i.e., In(GDP;) — In(GDP,_1)). We refer to these variables as y,
where 7 refers to the country and t to the year. The right-hand-side variable of interest is the
log(terms of trade), or productivity, and we refer to this variable as Ip.

The difference of a variable § periods ahead with the same variable one period ago is
Ayf; oto1 = y}/ 45— yg'_l. The panel regression we run to obtain the response to terms of

trade shocks is
Ay§+5,t—1 =a’+ ,35Alp;t,1 + controls.

We run this regression 32 times: for each of the four alternative left-hand-side variables, for each
of the two alternative right-hand-side variables, and for 6 = {0,1,2,3}. The controls consist of
two lags of Ayi 4511, two lags of Alpf;’tfl, and country fixed effects.

In Figure 5 and 6, we plot the coefficients 4° multiplied by —10 to represent a 10 percent
decline in the terms of trade or productivity. The standard errors showed by the shaded area
in the figure are robust standard errors.

The time period for the regressions in 1980 to 2019 or the latest available observation. The
most important exception is the regression for the EMBI spread, which starts in 1997 due to
data availability of this variable.

We also conduct this comparison using contemporaneous regressions between these four
variables and the terms of trade. The estimated semi-elasticities, similar to those in Drechsel
and Tenreyro (2017), are quite similar in the model and the data and resemble the effect at

time zero in the analysis presented here.
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