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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 times of debt crises. This fact
can be seen in Figure 1, which displays the correlation between the EMBI spread and inflation

for 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 from both EMBI+ spread and in-
flation series. Outliers are defined as values below the
3rd percentile or above the 97th percentile.

We demonstrate that once a standard sovereign default model is extended to incorporate
domestic policies, there is a close connection between debt crises and inflation. In our framework,
domestic fiscal and monetary policies in emerging countries 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 fiscal and monetary
policy instruments are distortionary, we find that the government actively relies on seigniorage
to finance expenditure and faces an additional intertemporal tradeoff, that may moderate or
amplify the incentives to accumulate debt. We also show that distortions increase with debt
holdings, as the higher probability of default implies a higher service cost; thus, the money

growth rate, the tax rate and the exchange rate all increase with debt.

In a quantitative version of the model, calibrated to match long-term averages of emerging

Latin American countries, we find that sovereign debt spreads, inflation and output growth



react in an empirically plausible way to shocks to the terms of trade. The model also reproduces
standard business cycle statistics as well as the cyclical properties of fiscal and monetary policies.
We also study a version of our model in which the government has access to lump-sum taxes. In
this case, implemented monetary policy is no longer distortionary and the equilibrium allocation
coincides with the one that would obtain from a real economy. Debt accumulation results from
the standard trade-off between relative impatience and default-risk. The version with lump-
sum taxes is thus a variant of a standard sovereign default model, in the tradition of Eaton and
Gersovitz (1981). Importantly, we show that this EG version of our model cannot match the
levels of nominal variables, such as inflation and currency depreciation, as well as the empirical

correlation of output with debt spreads, exports and the trade balance.

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.! 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.? 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 impatient 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, counter
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 positive or negative, depending on

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

!Though 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.

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



We conduct several exercises to evaluate the model’s ability to capture critical mechanisms
observed in emerging markets. First, model-generated data are compared with data since 1980
for seven Latin American economies. In the presence of expected fluctuations in the terms of
trade, the model replicates standard business cycle statistics and, more importantly, the cyclical
properties of fiscal and monetary policies. Next, impulse responses to terms-of-trade shocks are
estimated in the data and the model. The dynamics of the EMBI spread, inflation and real GDP
all have the same signs and similar magnitudes in the model and the data. Then, we show that
in the EG version of our model, when the government has access to lump-sum taxes, the model
is no longer able to replicate the empirical correlation of output with spreads, exports and the
trade balance. We therefore conclude that the presence of distortionary taxation is necessary
to explain the average level of nominal variables, such as inflation and currency depreciation,
as well as the cyclical regularities of real and external variables. Finally, feeding the model with
the actual evolution of the terms of trade and government expenditure to replicate Argentina’s
experience during 2005-2017, the model broadly replicates the dynamics of key macroeconomic

variables. We then use this simulation to run the policy counterfactuals explained above.
Literature review

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 (Dvorkin, Sanchez, Sapriza,
and Yurdagul, 2021; Yue, 2010), there are few papers concerned with the role of fiscal policy

and almost no work on monetary policy.

In terms of fiscal policy analysis, Cuadra, Sadnchez, and Sapriza (2010) show how a desirable
counter-cyclical fiscal policy is reversed by including debt with a risk of default. The critical
difference is that we introduce money, which significantly 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. Bianchi, Ottonello,
and Presno (2019) also argue that pro-cyclical fiscal policy is a property of countries with a
high risk of default. They show that this is true even in a model with nominal rigidities and
significant Keynesian stabilization gains. More recently, Anzoategui (2019) studies the effect of

alternative fiscal rules.

Our mechanism is in line with the history of Latin America described in Kehoe, Nicolini,



and Sargent (2020) “... countries in Latin America have been plagued by economic crises.
The specific symptoms of each crisis have been very different: high inflation rates, balance of
payments crises followed by large devaluations, banking crises, defaults on government debt, ...
Our fundamental hypothesis is that, despite their different manifestations, all economic crises
in Latin America have been the result of poorly designed or poorly implemented macro-fiscal

policies.”

Concerning monetary policy, there is recent work studying the currency composition of debt
and inflation (Ottonello and Perez, 2019; Sunder-Plassmann, 2018). These papers show that
debt denominated in local currency raises incentives to dilute debt repayment through inflation.
Closer to our work, Arellano, Bai, and Mihalache (2020) analyze the interaction of sovereign
default risk with a monetary policy rule in a cashless economy. They argue that the model
rationalizes the positive co-movements of sovereign spreads with domestic nominal rates and
inflation in Brazil. Their work complements ours since they study the case in which central
bankers in emerging markets can commit to a Taylor rule. In contrast, we assume that both
fiscal and monetary policies are discretionary and useful to finance government spending. We

also study the case when the government can commit to a monetary policy rule.

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.

Finally, our paper is also related to work in closed economies, e.g., Diaz-Giménez, Giovan-
netti, Marimén, and Teles (2008) and Martin (2009, 2011), among others. These papers study
government policy without commitment in monetary economies. Unlike our work, they do not
consider the role of sovereign default risk. However, these papers share important similarities

in terms of the intertemporal tradeoffs faced by the government.

The paper is structured as follows. Section 2 describes the environment and characterizes
the monetary equilibrium. Section 3 formulates the problem of the government, characterizes
policies and derives the theoretical results. Section 5 studies the main quantitative properties of

our model by focusing on an economy without anticipated aggregates shocks. Section 6 studies



an economy with expected shocks to the terms of trade and evaluates the empirical plausibility

of the model by comparing model-simulated data with actual data.

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”, 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
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(e, ") +v(0) + 9(g),

where u, v and ¥ are strictly increasing, strictly concave, C? and satisfy standard boundary
conditions. Let 5 € (0,1) denote the discount factor. In what follows, u; denotes the partial
derivative of u with respect to the consumption good ¢/, with j = {N,T}, and v, denotes
the derivative of v with respect to £ = 1 — h. We assume that cross derivatives are zero; i.e.,

unt = ury = 0.

There is an aggregate production technology that transforms hours worked, h, into non-
tradable output, ¢y, and exported goods, y”. This technology is represented by a cost function

F Ri — R, which is strictly increasing, strictly convex and homogeneous of degree 1. Given



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

where Fj is the partial derivative of I’ 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 p 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 assume that households face a cash-in-advance con-

straint when purchasing non-tradable goods:
pNeV < m. (2)

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



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?:

pM(g+7) +eB < Twh + pu+ eqB'. (3)

The balance of payments, expressed in units of foreign currency, implies
p'y" —c" =B —qB, (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" — ) >0. (5)

2.2 The problem of the representative firm

Local firms produce non-tradable and tradable goods by hiring labor according to the technology
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 Ny +epy" — wh}
y 7y b

3 As we argue in Section 4.3, 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.



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

p
. ©)
N
p" Fr
© = pT By (™)

2.3 The problem of the representative household

The endogenous 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 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
PN et +m/(1 4 p) < (1 —1)wh +m+ply, (8)

where, as mentioned above, pV, 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(cV,c")+v(l—h)+3(g)+BE[V(m',B,T,5) B,I,s]



subject to (2) and (8). As derived in Appendix A.1, the solution to this problem is characterized
by

s )
“*f%” - mEB%ZiL4 (10)

plus constraints (2) and (8).

Conditions (9) and (10) show how policies distort households’ choices. The tax rate intro-
duces 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
N+ g = yN . (11)

From (1) and (11), labor is a function of non-tradable (private) consumption, public expendi-

tures and the production of tradables; i.e.,

h=F(N +g,97). (12)

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

pN = L (13)

4If 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.

10



The equilibrium wage can be derived by combining (6) and (13):

1

= 14
w CNFN ( )
Similarly, the equilibrium exchange rate follows from (7) and (13):
1 Pr
S 15
€ cN pT Fy ( )

Finally, the Lagrange multiplier associated with the cash-in-advance constraint must be

non-negative, which implies the following equilibrium condition:

uy p'Fy

> 0. (16)

ur Fr

If (16) is positive, then the cash-in-advance constraint (2) binds; if is equal to zero, then the cash-
in-advance constraint is slack. Condition (16) 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. Note that, although 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 (10).

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

(pV,w, e) and policies (u,7) in the government budget constraint (5).

To obtain an expression for the tax rate, combine (9), (14) and (15):

Similarly, the money growth rate can be written by combining (10), (13) and (15):

_ BE [ulyc™'|B, T, 5]
~ urpcNpT (Fn/Fr)

11



Using (13)—(18) we obtain the government budget constraint in a monetary equilibrium:
urle” =" (Fn/Pr)] — veF (N + g,y") + BE [uyc™'|B, T, 5] >0, (19)

which depends on (cV, ¢’ y”, g,c™').

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 zero. Define
V(B,s,e’ eP) = max{VF (B, s) + ¥, VP (s) + P},

where V¥ (B, s) and VP (s) denote the values of repayment and default, respectively, which are
defined in detail below. Notice that the decision to repay or default is also influenced by random
additive shocks to utility. Next, we explain how these shocks are used to obtain some useful

expressions under particular assumptions on their distribution.

Assume that ¢ and P are independently, identically distributed extreme value (Gumbel
or type I extreme value) shocks. The difference between these two shocks will affect the default

decision. The assumptions on the distribution of the shocks imply that this difference has mean

zero and is distributed logistic; i.e., e = e’ — &P follows
Fe) = exple/x]
1+ exple/k]’

where £ > 0 is the scale parameter of the distribution, which will be useful to control the

variance of the € shocks.

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) > —¢).

This probability has a simple expression given the assumptions on £. Following McFadden

(1974), this integral results in a closed-form expression:

exp[VP (B, s) /K]
exp[VP (B, s)/k] + exp[VP(s)/k]’

P(B,s) = (20)

12



which, in turn, implies

OP(B,s) 90VF(B,s)P(B,s)(1—P(B,s))
oB 0B K

. (21)

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,s5,e",)] = xIn {exp[V (B, ) /x] + exp[VP(s) /x]}

Using this expression, we can easily see that

IV(B, s)
0B

ovVF(B,s)

:,P(B7S) 8B

. (22)

Expressions (21) and (22) will be useful to characterize the choice of debt as long as VI is

differentiable.

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, 1/4 is the
expected duration of exclusion. The country reenters credit markets with a renegotiated level
of debt B¢ > 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, (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 (B?, s') for any given s’. To compute these probabilities we need

to know the value functions VF (B, s) and V' (s), which we will derive below.

13



In equilibrium, zero expected profits by risk-neutral international lenders implies that

QB'.5)B' = E[P(B,s)|s| B+ E [1(1+—T73(B’,s’))Qd(s’)]3] de (23)

where
(1-0)E[Q(s")]5]
1+

QYs) =0Q(B%, ¢ +

for all s’. The first term in (23) reflects the expected debt repayment, while the second term
reflects the expected debt recovery. Qd(s’ ) stands for the price an investor would pay to earn B
in the period the defaulting country reenters international credit markets. Note that, although
Q%(s') is an endogenous object, as it depends on Q(B?,s'), the government takes it as given.

Using (23) and the expression for Q%(s’) we obtain the following recursion:

Q%(s) = SE[P(B?,s)|s] + E E(:« §P(B?,5)Q%(s')|s] (24)

for all s.

Taking the derivative of (23) with respect to B’ and combining with (21) implies

o0lQ(B',s)B'| P(B',s") ovP(B',s) (1 —P(B', ")) (B — Q%s)B?
0B’ :E{ 117 [H 0B’ K Ms} (25)

As explained above, we follow the primal approach to formulate the government’s problem.
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
(e, cT, yT, g). These choices need to satisfy the balance of payment, (4), the government budget

constraint, (19), and the non-negativity constraint, (16).

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,CN,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 {C,CT, YT, G}.

Given these policy functions, we can define the value functions V' (B, s), VP (s) and V(B, s)

14



as follows:

VP (B,s) = u(CN(B,s),CT(B,s) +v(l — F(CN(B,s)+G(B,s), Y (B,s))) + 9(G(B, s))
+ BE[V(B(B, ), 5')|s],
VP(s) = u(CV(s),C"(5)) + v(1 = F(CY(s) +G(5), Y (s))) + 0(G(s))
+ BE[V(BY,8) + (1 = )V (s)]s],

V(B,s) = rln{exp[VF(B,s)/x] + exp[V"(s)/x]},

5)
)+

for all (B, s). Using (20) and (23) these functions imply expressions for P(B, s) and Q(B, s).

3.3.1 Repayment

The problem of the government in the repayment state is

max (e, ) +o(l - F(Y +g,y7)) + d(g) + BEV(B, 8')]s] (PP)
(B,7cN7CT7yT7g)

subject to

pTyT _CT+Q(B/78)B/ -B = 07 (26)

urc” — yurp” (Fn/Fr) — veF (N + g,y") + BE [uyc'|P,s] = 0, (27)

V
o
—~
'
o0
~—

un — urp’ (Fn/Fr)

The constraints in the government’s problem correspond to the balance of payment, (4), the
government budget constraint, (19), and the non-negativity constraint, (16). 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

— P(B',¢) 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(cY +g,y7)) + 0(g) + BEEV(BY,s) + (1 = §)V7(s)|s] (DP)

(CN 7CT 7yT7g)

15



subject to

Pyt =T = o, (29)
urc’ — yurpt (Fx/Fr) — v F (N + g,97) + BE[uyc™'|D,s] = 0, (30)
uy —urp’ (Fn/Fr) > 0 (31)

N ,T

and where total factor productivity, embedded in the cost function F(y"',y"), is reduced by a
default penalty, Q(s).

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(B?, s') for repayment and 1 — 6P (B%, s') for default, for all .

4 Domestic policy and debt choice

4.1 Domestic policy

We begin by characterizing domestic policy, i.e., the government’s choice for u, 7 and g. Given
the formulation of the government’s problem using the primal approach, we begin with the

CNTT

choices for the allocations (¢, ¢’ ,y",g), given state (B, s), repayment status Z = {P, D} and

a debt policy B(B).

To simplify some of the notation below, let I'(cV, ¢’ y”, g;s) = urp’ (Fy/Fr), which is
an expression that shows up in the government budget and non-negativity constraints. Note
that T'r = dI'/de?’ = T x (upr/ur) < 0, while the convexity of F implies that I'y = Ty =
I'x (FNn/Fn — Fnt/Fr) > 0and T'y = T' X (Fnr/Fn — Frr/Fr) < 0. Also define & =
v — v F (N 4+ g,97) > 0.

Since the problems in repayment and default are functionally identical with respect to
(N, e yT, g), we focus on (PP)—(28). Let &, A and ¢ be the Lagrange multipliers associ-

ated with the constraints (26), (27) and (28), respectively. The necessary first-order conditions
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with respect to (¢V,cT,y”T, g) are

un —veFN — A(Fn® +9TN) + ((uny —T'n) = 0,
ur — &+ MNug +uppc? —ATp) — (T = 0,
—veFr + &pt — AN Fr® +Iy) —(Ty = 0,

—wFy + 9y — A(Fy® +T,) — (T, = 0.

Our first result relates to the provision of public goods.

Proposition 1. If ( = 0 then uy = 9y; if ¢ > 0 then uy > V.
Proof. See Appendix A.3. O

When the non-negativity constraint (28) is slack, i.e., ¢ = 0, the provision of public goods
is optimal, in the sense that the marginal utilities 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. In contrast, when the non-negativity constraint (28)
binds, i.e., ¢ > 0, there is an over-provision of public goods. In this case, the government is at
a corner and can no longer use monetary policy to increase the consumption of non-tradable

goods.

We now characterize conditions under which the solution is interior, i.e., ( = 0 and so (28)
does no bind. Thus, suppose ¢ = 0 and focus first on the case with no transfers, v = 0. Using

(32) and (34) to solve for the Lagrange multipliers we obtain

A uUN — 'UZFN
- Fn®
unyFr
¢ = L
p N
and so (33) implies
U F c’
Fro <N _br N) = p"(un — veFy) (1 4 T ) . (36)
ur Fr ur

The term in brackets in the left-hand side is non-negative by (28) and so both sides of (36) are
non-negative. The derivation of (36) relied on ¢ = 0 and we now verify under which conditions

this assumption holds.

Proposition 2. Assume that v =0. Then, ( =0, and so the non-negativity constraint (28) is
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slack if and only if %TTCT <1.

Proof. See Appendix A.3. O

If =UI7¢ < 1, then (28) is satisfied with strict inequality; when =“Z7¢ = 1, then (28)
is satisfied with equality but still slack. In both of these cases, ( = 0. In contrast, when
%TTCT > 1, then (28) binds and so, ( > 0. When (28) is satisfied with strict inequality, the

marginal rate of substitution between non-tradables and tradables is not equal to their marginal

rate of transformation.

Why does only the curvature of the utility from the tradable good matter? The key is the
cash-in-advance constraint, which relates the consumption of non-tradables to real balances.
Suppose instead there was no cash-in-advance constraint (and hence, no fiat money circulating
in the economy) and that the government taxed the consumption of non-tradable goods, say at
rate 7. In this case, a standard result is that if % = % then 7% = 0. The government

would tax labor income, but not distort the relative consumption of the two goods. If instead

T e + "TTCT, then 7V would adjust appropriately to account for the different elasticities of
N ur

substitution.
When transfers are positive, v > 0, the analysis is more involved (see Appendix A.2). We
use the knife-edge case, v = 0 and %TTCT = 1 which implies (28) is slack and satisfied with

equality, to understand the impact of transfers.

Proposition 3. Assume that v > 0. (i) If %ITCT < 1 then, the non-negativity constraint

(28) is satisfied with strict inequality. (1) ¢ = 0 and (28) is satisfied with equality for some

T
—urTcC
> 1.

Proof. See Appendix A.3. O

When v > 0 and %TTCT < 1 the non-negativity constraint (28) is satisfied with strict
inequality, which implies that the cash-in-advance constraint binds. By continuity, (28) will
now also be slack for some range when %ITCT > 1 and this range increases as v increases. In
fact, the knife-edge case, when ¢ = 0 and (28) is satisfied with equality, now happens at some
% > 1. In other words, positive transfers enlarge the set of primitives consistent with a

binding cash-in-advance constraint.

Figure 2 provides a visual representation of these results. We now assume preferences with

a constant elasticity-of-substitution; in particular, %;FCT = op. When op < 1, (28) is satisfied
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Figure 2: Transfers and Inflation
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with strict inequality and so, the cash-in-advance constraint binds. Thus, monetary policy
is inefficient and inflation is above optimal. This inefficiency worsens as transfers v increase.
When op = 1, (28) is slack and equal to zero for v = 0 but is satisfied with strict inequality for
~ > 0; thus, inflation increases in 7, as monetary policy becomes progressively more inefficient.
When o7 > 1, (28) binds for v small enough, but eventually becomes slack and then inflation

starts increasing with ~.

4.2 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

IE[V(B',s)|s]

- [0Q(B', s)B’] N )\BaE [uyc™'| P, s]

b 0B’ oB’

+¢

= 0. (37)

As reflected by the three terms in (37), debt choice affects the continuation value for the
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. The

envelope condition of problem (PP) implies % = —&. Hence, using (21)-(25), we obtain

8E[V(B/>5/)|3] _ Y
VBN~ _mp, )¢

QBB _ {p(B',s'> [1_(1—P(B’,s’))(B’—Qd(s’)Bd)f'} \5}.

0B’ 147 K

The last term in (37) requires a bit more work. Given that P(B’,s’) is the probability of
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transitioning from Z = P to Z' = P for all (B’,s’), we can write
E [U;VCN,’P, 8] =K [/P(B’7 S/)UQVCN/ +(1- P(B/, S/))fL/NéN/‘S] ,

where u/\,CY" corresponds to the repayment state tomorrow, Z' = P, and /\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 [uy | P, s]
oB’

=E[P(B,s)(uy + uynC)CE + (uyCN' — @y CN')Pps]

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

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

ovFP(B,s) ¢,

(21), we have an analytical expression for Py and from the envelope condition, =7 =

Thus, we obtain

IE [u)y | P, 5]
OB’

—E {P(B’, s) [w;v L yeVyelr - e - e (A - P, s’>>£'] ‘8} |

K

We can now write the equation characterizing debt choice as

(i) (5 - ) - SLPENE Qd(S’)Bd)é’} )

! AN/ =/ AN/ /o /
+ A\GE {P(B/,s’) [(U’N+u§VNcN’)cg’ _ (uyC = uyCT{A - P(B ’3))5} ‘s} —0. (38)

K

Note that if there are no aggregate shocks (other than the extreme value shocks, ), then
P(B',s") only depends on B’ and is always positive; hence, the term P(B’,s’) that multiplies

all the expressions in square brackets in (38) can be eliminated.

The Generalized Euler Equation (38) highlights three channels in the government’s debt
decision. The first channel, E{P(B’, s')[(1+r)1¢—B¢]|s}, 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 B(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, —[k(1+7)]"E{P(B,s) [(1 = P(B',s))(B' — Q%(s")BH)¢] |s}, cap-
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tures the default premium: more debt leads to a higher probability 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. By > 0 counters
this effect, as lenders take into account that they partially recover their loan after a default

event.

The third channel, A\BE{P(B’, s')[(u+u/y yCV)CY' — (u\yCN' =@\ N (1-P(B', §')) (¢! /)] |5},
reflects an intertemporal tradeoff due to the fact that fiscal and monetary policies are distor-
tionary. 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.

The second and third channels described above reflect time-consistency problems in the
government’s problem due, respectively, to the possibility of default and the use of distortionary
domestic policy instruments. In both cases, the government tomorrow does not internalize the
effects of its actions on the tradeoffs faced by the government today—bygones are bygones. The
default channel is central to standard sovereign default models, but the distortionary-policies

channel is absent. Below, we analyze this latter channel in more detail.

4.2.1 Intertemporal tradeoff due to distortionary policies

There are two parts in the distortionary-policies term in (38), and we will analyze each in turn.

We follow Martin (2011) to interpret the expression P(B’, s')(u/y + u/y yCV')CX’. The enve-
lope condition from the household’s problem implies V;,, = ux/p”" (see derivation in Appendix
A.1). When using equilibrium condition (13) we obtain Vj,, = uyC", which states the equilib-
rium 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 + unnC" )Cg . Hence, first part
of the distortionary-policies term in (38) reflects how a change in debt directly affects the de-
mand 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 C§ = 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
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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'—u/\\CN') P}, where Py = —P(B', s')(1—
P(B',s"))(¢'/k) < 0. As explained above, V;, = unc?; hence, this term reflects the impact 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, Pj < 0. This matters
to domestic households since the value of an extra unit of money depends on whether the gov-
ernment 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 (38) 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 uny + uynCY < 0, which also implies u\CY' — @\ CN' < 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
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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
accumulate debt. In the opposite case, uny + uynyCY > 0, which implies u’NCN’ — E’NC_N’ > 0,

the distortionary-policies channel mitigates the incentive to accumulate debt.

4.3 Comparison to real models of sovereign default

Here, we show that our setting encompasses the celebrated Eaton and Gersovitz (1981) economy.
Suppose that lump sum, unconstrained taxes 7 are available. In such a case, the government
budget constraint (3) becomes p" (g + ) + eB < T + Twh + eqB’. Proceeding as we did to

derive (19), lump sum taxes can be written in terms of allocations as follows:
urlc” — " (Fn/Pr)] — veF (N + g,y") + BE [uye™'|Z,s] + T >0 (39)

for Z = {P, D}. The problem of the government in the repayment state is (PP) subject to (26),
(28) and (39) for Z = P. Similarly, when in default, the problem of the government is (DP)
subject to (29), (31) and (39) for Z = D.

Consider now the following centralized version of the government’s problem, where the only
constraint is the balance of payments. In the repayment state, the problem of the government
is

N T N T /A
max  ul(c,T) + (1= F(cV +g,y7)) + 0lg) + BEV(B', )]s (PPEP)
(Bl7cN7cT7yT’g)
subject to pTy? — ¢! + Q(B',5)B’ — B = 0. The problem of the government in the default
state is defined similarly. The solution to problem (PPEP), denoted (B’, eNoel gt ), will be

referred to as the EG real allocation. The associated lump-sum taxes necessary to finance this

allocation are given by

T = —aré” +yirp” (Fn/Fr) + veF (&N + §,97) — BE [aye™'| P, s] (40)

We now establish the following equivalence result between the two problems.

Proposition 4. Given lump sum, unconstrained tazxes T given by (40), the EG real allocation
(B’, eN el g1, §) solves the problem (PP), with the corresponding value of default, VP (s), that

solves (DP), and the constraints (28), (31) and (39), for T = {P, D}, are slack.
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Proof. See Appendix A.3. O

This result implies that when lump-sum taxes are available, the EG real allocation can be
decentralized as a competitive 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, ]
aneN

= ~ 1. (41)

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 the Generalized Euler Equation (38) for the case with uncon-

Jh=o (12)

In this case, the multiplier of the balance of payment constraint, £, is equal to uz.> We can

strained lump-sum taxes as follows:

, _urB'(1=P(B',s"))uy

A ur
E{P(B’S)[l—i—r_ﬁwf k(1+7)

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.

We now argue 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.
To show this result, 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 5. Suppose that fi, given by (41), 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.

Proof. See Appendix A.3. O

®Note that with distortionary taxes, £ is not equal to ur in general; from (33), this would require either the
government budget constraint to be slack, i.e., A = 0, or A(ur + urrc’) — (YA + {)I'r = 0. This last case
obtains when ur + urrc? =~ = 0, while it cannot happen when uz + urrer > 0 and may be possible when
ur + UTTCT < 0.
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To grasp the idea behind this result, observe that in order to implement the EG real allo-
cation, the government budget constraint must be é[Q(B’,s)B’ — B] = p™(§ 4+ ~) — fi. Since
g+~ > 0 and implementing the EG real allocation requires i < 0, the left-hand side of this
expression is strictly positive; hence, the government would need to run a Ponzi scheme, with

B’ > B. This would lead to Q(B’,s) = 0 in finite time and, thus, a contradiction.

5 An economy with unanticipated aggregate shocks

In this section, we study the behavior of key variables in a version of our economy with no
expected aggregate shocks other than the extreme value shocks, . We start by calibrating and
analyzing an economy with no shocks, i.e., when s = § € S in all periods. Then, we study
the effects of unanticipated shocks followed by perfect foresight dynamics. Most of the insights
derived from this analysis will carry over to an economy with expected shocks, such as the one

we study Section 6.

5.1 Functional forms

The utility functions for consumption and leisure are, respectively,

Nl—o'N Tl—aT
N TV _ N(C) T(C)
u(c™, ') = « [N +a T
-
v(l) = aff ——,
l—¢

We let ¢ = 67 = o, which implies that 1/0 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) = a“Ing,

which is a standard representation in the optimal taxation literature and close to empirical

estimates.®

5A 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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The function describing the labor requirement for production is

P ,m1/
) - 100 6]

where p determines how costly it is to change the composition of ¥~ and y” that is produced,
in terms of labor units, and A is a measure of labor productivity. Below, we will analyze the

response of the economy to shocks to A.

Finally, we assume that the economy experiences a drop in productivity when the govern-
ment is in default. Following the work of Arellano (2008), we allow this penalty to vary with

the state of the economy. Productivity, while in the default state, takes the following form:
A%l = 4 —Q(s) (43)

with

Q(s) = max {w1+w2(8;§),0}, (44)

where w1 > 0 is the intercept and the slope parameter wo makes the default cost a function of
the shock, s. The value of the shock 5 represents the steady-state value of the shock s. Note
that when the economy has no shocks (s = 5), as the economy we study in this section, the cost

of default is determined only by w;.

5.2 Calibration

Table 1 shows the values of the parameters set externally. The risk-free interest rate is set at an
annual 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 § = 1/6.%

We set oy = op = 0.5. As shown in the previous section, op < 1 is a sufficient condition 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 < 1 implies the distortionary-

policies channel has a negative sign, mitigating the incentives to accumulate debt. This choice

"We can calibrate this parameter externally because we target the value of h.
8Here, the duration of exclusion is exogenous. The country reenters with no debt after exclusion. See Dvorkin
et al. (2021) for a model of endogenous restructuring.
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Table 1: Exogenous parameters

Parameter Description Value Basis
r risk-free rate 0.03 long-run average
@ curvature of leisure 1.50 Frisch elasticity
) reentry probability 0.17  exclusion duration
al preference share for ¢! 1.00 normalization
oN curvature of ¢V 0.50 see appendix B.3
ol curvature of ¢! 0.50 see appendix B.3
1) elasticity of substitution between y~ and y  1.50 see appendix B.3
pT terms of trade 1.00 normalization

implies that imported goods are gross substitutes for non-tradable goods, as in the estimates of

Ostry and Reinhart (1992).”

The value of p, which determines the elasticity of substitution between y¥ and y” 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.

In Appendix B.3 we support our choices of ¢ and p by studying the reaction of macroeco-
nomic variables to shocks to the terms of trade. Though we find that many results are robust
to the choice of parameter values, the reaction of spreads, inflation, output and exports favor

our benchmark calibration.

Finally, p”', which denotes the terms of trade, is set to 1. Our calibration strategy, described
below, is such that all external variables are pinned down by other parameters. As such, any
value of p! delivers the same observables, except for the exchange rate, which we do not target.
In Section 6 we allow the terms of trade to evolve stochastically and calibrate the stochastic

process for Inp! to match the data.

The remaining parameters 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 for the period 1991-2018 because of data availability. A significant fraction of
the parameters can be calibrated in this simplified setup without shocks, reducing the time it
takes to calibrate the model and allowing the model to fit the targets exactly. We will mention
the critical parameter that reproduces each moment as we explain the choice of targets for

exposition. Table 7 in Appendix B.2 shows the marginal reaction of moments to parameters.'”

We set A so that the steady state real GDP is equal to 1, making some statistics easier to

“However, 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.3, we study how our results change when setting o = ¢7 = 1.5, which
implies that the goods are complements with an elasticity of 0.66.

10The corresponding expressions for each target are presented in Appendix B.1.
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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
ol 0.1082 Transfers/GDP 0.117
av 2.6888 Exports/GDP 0.209
o 0.9265 Employment/Population 0.587
a® 0.4240 Gov. Consumption/GDP 0.133
B4 0.1854 Debt/GDP 0.185
w1 0.0228 Haircut, Share of Debt 0.305
K 0.0235 Default, % 0.700

read. 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 a'? 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
consumption over GDP of 13.3%. The parameter o 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 B? 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, Sanchez, Sapriza, and Yurdagul, 2021), and the external debt-to-GDP ratio,
which is 18.5% in our data set.

The scale parameter in the distribution of taste shocks, k, 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.!!

5.3 Equilibrium policy

Figure 3 shows equilibrium policies in the repayment and default states as functions of beginning-
of-period debt. These policy functions are computed using the benchmark calibration from Table

2.12

'1See 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 this period, about 300 basis points, would
require a higher value of k and a smaller value of 3. That calibration, which we also experimented with, yields
similar results.

12The equilibrium is solved globally using the equations derived above. The algorithm uses 100 equally spaced
gridpoints between 0 and 1 for debt. Note that using as few as 10 gridpoints results in visually indistinguishable
(interpolated) equilibrium functions. Figure 3 shows debt up to 0.5 since the probability of repayment is essentially
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Figure 3: Equilibrium policies as functions of debt
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Note: Policy functions in repay are solid lines, while in default are the dashed ones.

As we can see from Figure 3, conditional on repayment, debt choice, the money growth
rate, the tax rate and the exchange rate are all increasing in debt. In contrast, the repayment
probability is decreasing in debt as the incentives to default become larger. Higher debt implies
a higher interest rate due to a lower repayment probability and so requires larger distortions to
finance it. Hence, domestic policy involves faster money printing and higher taxation as debt

grows.

Policy remains constant while the country is in default. The difference between the policy
functions in default and repayment is informative. For example, if the country starts with
b = 0.4 (roughly 50% above the steady state) and the government decides to repay its debt,
which is extremely unlikely, the money growth rate is about 12%; in contrast, if it decides to

default, the money growth rate declines to 4%.

Conditional on repaying today, expected inflation between today and tomorrow (expected,
since there are two possible states tomorrow, repayment or default) is non-monotonic in debt.
It is increasing for low values of debt and decreasing for higher values of debt. Note that

inflation, measured as the increase in the price level of consumption goods, has two components:

zero for higher values. We use cubic splines to interpolate the evaluation of future policies and their derivatives.
As a reference of precision, the sum of squared residuals for the Generalized Euler Equation is 7e~2'. See also
Appendix B.3 for a comparison with alternative calibrations and Appendix B.4 for the policy functions of the
model with anticipated shocks.
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non-tradable and imported. The expected inflation in nontradable goods increases with debt
because the money growth rate increases with debt. 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, Figure 13 in Appendix B.3 shows that in the benchmark economy,
N, el g, yV and h are decreasing in debt, while y7 is increasing in debt. Again this follows
from higher debt implying larger domestic policy distortions (higher p and 7) and a higher

exchange rate (which discourages imports and promotes exports).

5.4 Dynamics after an unexpected shock

We now study dynamics to further illustrate the model’s inner working and understand the
impact of different shocks. We consider the effect of an unexpected shock at ¢ = 0; the shock is
then assumed to gradually die out following a known process that ends at date ¢t = 7.4 Hence,
once the process for a particular parameter is determined, the model is solved backwards from
t =T tot =0, assuming that at ¢t = T + 1 the economy returns to normal. We then simulate
the path of the economy starting from its steady state at t = —1 and assuming that the extreme
value shocks are small enough to not trigger default. For a given parameter x, we assume an
after-shock value, xg, and then a process z; = T + py(x4—1 — T), where T corresponds to its

pre-shock (steady state) value (see Table 2).

We consider adverse shocks to the (log of) terms of trade p” and productivity A. The sizes
of the shocks were chosen such that all of them imply a similar impact on inflation.'® For the
persistence, we set p, = 0.8803, as estimated in Appendix C.2, and p4 = 0.9 so that both shocks
have similar duration. In all cases, we assume ws , = 0 so that the simulations do not include
the added impact of changing the cost of default due to an adverse shock. Figure 4 shows the

simulated path for selected variables in response to the three alternative shocks described above.

All shocks considered imply similar dynamics: real output falls, while debt over GDP,

inflation, depreciation, spreads and the primary deficit increase.'® We can see that shocks to

13 A similar result is obtained if we instead define inflation as the increase in the GDP deflator.

141n later sections, we analyze the economy assuming these shocks are fully anticipated.

5We set Inpo = —0.0756 and Ag = A x 0.99.

163We 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(Ba s)+ (1 —="P(B,s)) %Qd(s)>_l - L
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Figure 4: Dynamics following unexpected adverse shocks
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the terms of trade have a significant impact on currency depreciation, spreads, and debt over
GDP (and this last one mainly through the effects of the depreciation). Shocks to productivity

affect mainly real GDP and inflation.

It is worth noting that, though debt over GDP increases, debt in dollars actually decreases
very slightly in response to these shocks. If we allowed for we # 0 (as we do in Section 6), then
there would be an additional reason to lower the debt in response to adverse shocks, as the
incentives to default and, hence, the spreads would increase further.!” In the next section we
incorporate these shocks, one at a time, and compute two full models of sovereign default that

are compared directly with data on emerging markets.

6 Models with anticipated aggregate shocks

This section analyzes a two versions of our economy with shocks that evolve stochastically over
time. One has shocks to terms of trade and the other to TFP. We start from the benchmark
calibration of the previous section and modify it so that the models with anticipated shocks
predicts a higher default rate and fits the targeted levels of debt and haircuts. Then, we show
how model-simulated data compare with the actual data from the seven countries used in the

calibration.

"For this mechanism to work we would need wa,p > 0 and wa 4 > 0.

31



6.1 Recalibration

The calibration of these two models uses the same parameters as in Table 2 except for two: the
value of debt after default, B%, and the value of the cost of default, wi. The value of debt after
default, B¢, is so that the models reproduce the same targeted median haircuts. Likewise, the

new value of w; is set to obtain the same Debt/GDP ratio. Table 3 presents the results.

Table 3: Recalibrated and new parameters and targets

Parameter Model, shocks to  Statistic Target Model, shocks to
p"  TFP pY  TFP
B 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
w2 0.955 1.450 Default, % 2.000 2.140 2.010
Ps 0.880 0.863 Estimation details in Appendix C.2.
O 0.076 0.031 Estimation details in Appendix C.2.

The third parameter calibrated is wg, which from (44) determines how the cost of default
changes as the economy deteriorates. 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 is so that the model replicates a default rate of 2%. The blue lines in Figure 5 display the
total cost of default as a function of the shocks. With the choice of ws, this cost is zero for
some value below the steady state. Since that point the cost of default increases linearly with
the value of the shock.

Figure 5: Cost of default in terms of reduction in TFP
Model with TOT shocks Model with TFP shocks
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We assume the terms of trade follow the process In(pf, ;) = ppIn(p{) + 441, where & ~
N(0, JZ%). We assume TFP also follows the same AR1 process and we estimated the values of
pifp and ogp,. The values used and presented in Table 3 are the averages from estimations of

these processes for each of the seven countries we use for our calibration. We also show a series

32



for commodity prices yield similar results than our terms of trade process.®

Figures 15 and 16 in the appendix present the policy functions for the model with p” shocks.

6.2 Alternative specifications

In the next sections, we will compare our result with two alternative models to understand what
drivers the results. Recall that our benchmark model has two key component: (1) domestic
policies and (2) sovereign default. These two alternative models will be used to evaluate the

importance of each of these components for the results.

Model with lump-sum taxation: This is a model in which the only difference with our
benchmark is that we allow for unconstrained lump-sum taxation as in Proposition 4. In that
framework, the government does not need to use distortionary policy instruments. Thus, it will
be useful to show which findings derived from or benchmark model are obtained from adding

distortionary fiscal and monetary policies.

Model with lower sovereign default risk: This model is exactly our benchmark model
but recalibrated to have significantly lower sovereign default risk. We change the default cost
function such that the government is not forced to reduce debt in bad times. The new cost of
default is displayed by the dashed red lines in Figure 5. The key difference with the benchmark

calibration is that the cost of default is independent of the value of the shock.'®

To illustrate how this economy is recalibrated to have “lower default risk” works, Figure 6
shows the relationship between spreads and the amount of debt issued changes after a shock to
terms-of-trade shocks—a similar behavior is observed for TFP shocks. The left panel shows the
benchmark calibration. The blue line is before the shock and the dashed red line is after the
shock. The dots mark the level of debt chosen by the government in each case. Note that after
the shock hits, this functions moves upwards, and the government must reduce debt (even at
spreads of 500 basis point it would not be able to obtained 15.5% of the previous period GDP).
The is the key mechanism at work in models of sovereign default in the tradition of Arellano

(2008).

The right panel shows our economy with “lower default risk’.” Given the same shock, the

relationship between spreads and debt moves much less, so the size of the deleveraging is much

18More details on Appendix C.2.
19The recalibration of the model is such that the level of default is the same than in the benchmark economy.
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Figure 6: Spreads as a function of debt, benchmark vs lower default
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smaller. Recall that in this case the cost of default is independent of the state of the economy.
This calibration of the default cost, which is closer Aguiar and Gopinath (2006), would be useful
to understand which of the results in our benchmark model are driven by the sovereign default

risk.

7 Inflation and Currency Depreciation

In this section, we focus on the dynamics of inflation during debt crises. First, we follow
the same methodology in the data and in the model to select a crisis episode. An episode of
sovereign debt crisis is identified with a sudden increase in sovereign debt spreads. We follow the
definition of “aggregate bond spreads are unusually large” in Calvo et al. (2006b) that considers
spikes on spreads exceeding two standard deviations above the prevailing sample mean. Table
4 shows the both in the data and the model there is significantly higher inflation during debt
crisis. Inflation increased by 6.8 percentage points in the year after the crisis on average in all
the episodes since 1997. When the sample is restricted to Latin America, which is closer to
the countries used in the calibration of our model, inflation also increased after debt crises but
by 5.1 percentage points. The, we follow the same procedure in the data simulated from the
model. We found similar patterns but different magnitudes for the two shocks. In the model

with terms-of-trade shocks, the increase in inflation after a debt crisis was 4.4 percent points,

and in the model with TFP shocks it was 10.1 percentage points.

The last column of Table 4 presents the results for nominal currency depreciation around
these episodes. We find that in the data there is a significant depreciation during sovereign debt
crises. Note that this depreciation is larger than inflation both in the data and in the model,

suggesting a real depreciation during the year of the crisis. The deference between depreciation
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and inflation is particularly large in the model with term-of-trade shocks, which should not
be surprising given that this shock induces a real depreciation. Finally, note that debt crises
in the data are a combination of potentially multiple shocks, such as terms of trade and/or
productivity shocks, among others. In the next subsection, we further analyze the differences

in the dynamics after specific terms of trade or productivity shocks.

Table 4: Change in inflation during crisis year

Mean change in

Inflation Nominal
rate depreciation
All countries since 1997 6.83 8.60
Latin America since 1997 5.09 6.98
Benchmark model, TOT shocks 4.43 16.83
Benchmark model, TFP shocks 10.12 13.04

Details about the construction of this event study are in the appendix.

Next, we compare the reaction of inflation to a shock to the terms of trade (top right plot in
Figure 7), which is useful to test our assumptions for the inclusion of money in the model. The
results suggest that a 10% fall in the terms of trade in the data implies an increase in inflation of
slightly less than 2 percentage points.?° The model’s reaction is initially more considerable than
in the data, close to 3 percentage points in this case, and also less persistent. The similarity
between the data and the model is reassuring of the modeling choice of inflation. In line with
inflation, the top-right plot shows the impact on nominal devaluation. In the data and in the
model, the devaluation is close to 10 percentage points in the period of the shock, with the
impact being a bit larger in the model. In the following periods, the devaluation is actually

negative in the model, indicating that there is an overshooting in the period of the shock.

The impact on inflation and devaluation after a TFP shock, presented in the bottom panels
of Figure 7, is positive in the data and the model. But there is a clear difference in the dynamics.
The estimation in the data indicates the effect lasts long (at least 3 years), while in the model
after one year inflation returns to the pre-shock levels. However, note that cumulative inflation
during the first 3 years is similar, as the initial response of inflation is significantly larger in the

model.

Lastly, we would like to identify which components of the model are important to obtain our

results. Since in the model without distortionary policy (with lump sum taxation), the cash-

20We truncated inflation at 50% annual. Otherwise, hyperinflation episodes in Argentina and Brazil dominate
the value of any statistic.
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Figure 7: Effect of shocks on inflation and devaluation
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Note: See Appendix C.4 for more information on the regressions.

in-advance constraint is not binding, we do not characterize the behavior of nominal variables
such as inflation or devaluation. Thus, we focus the rest of this section in the comparison with

the model specification with lower risk of default.

Figure 8 show the evolution of shocks, debt, inflation and nominal currency depreciation
after shocks to terms of trade in the first row, and productivity in the second row. The solid
blue line represents the benchmark model and the dashed-red line the model with lower default.
In both cases we choose as initial debt the associated steady state level when the exogenous
shock is at its mean for many periods. By construction, after the shock, in the economy with
lower default risk there is a significantly smaller reduction in debt. This highlights an essential
feature of sovereign default risk: countries are forced to repay debt to the rest of the world after
a negative shock. The reaction of inflation and currency depreciation is significantly smaller
both for terms of trade and productivity shocks. This shows that it is important to model
sovereign default risk to understand the response of nominal variables such as inflation and

currency depreciation.
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Figure 8: Evolution of Inflation and Depreciation after a shock
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To quantify the importance of sovereign risk for nominal variables we computed the variance
of inflation and currency depreciation in simulated time series with the models. In the model
with p? shocks, the low default risk model generates a variance of inflation that is only 21
percent of what it is in the benchmark model and a variance of nominal currency depreciation
that it is 35 percent of what it is in the benchmark model. Thus, most of the fluctuations
in inflation and depreciation in the model with p? comes from sovereign default risk. Similar
ratio are observed for the models with TFP shocks. In that case, this ratio of variances is 57
percent for inflation and 31 percent for nominal currency depreciation, again suggesting that
sovereign default risk is very important for accounting for the dynamics of inflation and currency

depreciation.

8 Emerging Markets Business Cycles

A standard practice is to compare key macroeconomic statistics in the model and the data. To
do this comparison, we use time series for the seven countries in our sample. We detrend GDP
and consumption using a band-pass filter as in Christiano and Fitzgerald (2003) to separate a

time series into trend and cyclical components.?2! Table 5 shows the results for the data, the

21'We set the minimum and maximum periods of oscillation of cyclical component at 2 and 16 years, respectively.
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benchmark model, and the two alternative models. Fluctuations in output are larger in the
benchmark model with TFP shocks than in the one with term of trade shocks. Computing the
ratio of the volatility in the model to the volatility in the data, and using variances instead
of standard deviation such that one can add the contribution of each model, we obtain the
the model with terms of trade accounts for 17% of the volatility in the data and the model
with TFP shocks for 83%.22 In the empirical literature, the percent of fluctuations in output
accounted for by terms-of-trade shocks varies between about 10% to 40% depending mostly on
the country and period considered (Drechsel and Tenreyro, 2017; Schmitt-Grohé and Uribe,
2018). An important feature for the relevance of terms-of-trade shocks is risk of default, since

in the model with lower default risk the standard deviation of output is much smaller (0.005).

The benchmark model also generates significant variation in the trade balance-to-GDP ratio
and spreads. As shown in Table 5, the standard deviation of these variables is much lower with

lower risk of default, so that is the key feature to reproduce these moments.

Table 5: Business Cycle Statistics

Data Model with pT shocks Model with TFP shocks

bench. lower lump-sum bench.. lower lump-sum

default taxation default taxation

Std. Dev. (y) 0.038  0.016 0.005 0.018 0.035 0.035 0.030
Std. Dev. (trade bal./Y) 0.035  0.017 0.003 0.016 0.015 0.002 0.013
Std. Dev. (spreads) 3.923  3.303 0.112 3.415 2.315 0.034 3.194
Std. Dev. (exports/Y) 0.052  0.021 0.015 0.022 0.015 0.004 0.015
Correlation(trade bal./Y,y) -0.357 -0.177  -0.360 0.249  -0.492  -0.061 -0.304
Correlation(spreads,y) -0.362  -0.073  -0.602 0.058  -0.187 0.218 -0.213
Correlation(exports/Y,y) -0.178  -0.140  0.347 0.124  -0.556  -0.371 -0.288

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

Though not targeted in the calibration, the benchmark models reproduce the correlations
between output and other relevant variables we observe in the data. For example, the benchmark
models replicate two salient properties of emerging markets, namely, that the ratio of trade
balance-to-GDP, exports-to-GDP, and bond spreads are counter-cyclical. Here, note that the
model with lump-sum taxation and p? generates counterfactual correlations. The benchmark

models also reproduce the negative correlation between the ratio of and economic activity.

Next, we analyze how spreads and real GDP respond to shocks to the terms of trade, p’,

and TFP, A. Importantly, none of these responses were targeted in our calibration of the

22Note these two numbers do not need to add to 100%. For example, because there may be other shocks that
affect output or because these shocks may be correlated.
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model. The estimation in the data uses local projections, following Jorda (2005). To compare
these with the model, we perform the same estimation on simulated time series. First, the
top two panels of Figure 9 presents the responses to a negative 10% shock to the terms of
trade. This analysis resembles the work of Drechsel and Tenreyro (2017), who estimate 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 not just on spreads but also on inflation, real GDP, and the nominal exchange rate.
To capture the differences in the international prices that are relevant for each country, we use

terms of trade instead of commodity prices.

The top left plot in Figure 9 shows the response of the EMBI spread to a terms-of-trade
shock. In the data, we find that a 10% decline in the 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 same estimation using model-simulated data.
The response of the model is larger in the first period but lower in the second period. Notably,

the overall response has the same sign and a similar magnitude.

The top-right panel of Figure 9 displays the impact of a terms-of-trade shock on real GDP.
Among other things, this comparison helps validate our choices for the curvature of the utility
function u(cV, ) and the elasticity of substitution between 3”7 and y” in the production cost
function. In the data, the effect is significantly different from zero but has large standard errors.
On average, real GDP growth falls by close to 1 percentage point the year of a 10% fall in the
terms of trade. 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 the terms of trade on real
GDP is zero. Our model’s structure allows for a novel mechanism, as policy distortions need
to increase to repay the sovereign debt when the terms of trade deteriorate. This mechanism
generates a 0.5 percentage points decline the year of the shock, which is smaller than the point

estimate in the data but within 2 standard errors.?*

The bottom panels of Figure 9 present the same analysis but for TFP shocks. The overall
message does not change. The impact of TFP shocks on the EMBI spread and real GDP has

230ur 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 similar.

24Tn the literature, there exist other channels to generate a larger effect of terms-of-trade shocks on output.
See Kohn et al. (forthcoming).
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Figure 9: Effect of shocks on EMBI and GDP growth
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Note: See Appendix C.4 for more information on the regressions.

the same sign and similar magnitude in the model and the data. However, the magnitudes are
significantly larger. Note that we use a 10% in both case but such a change on TFP is more
rare than in p”. As we show in Table 10 in the appendix, the standard deviation for p” is 7.5%
and for TFP it is 3.1%. The bottom-left plot of Figure 9 shows that a 10% decline in TFP
increases the EMBI spread between 200 and 300 basis points in the model and the data. This
effect seems to last longer on the data than in the model, although the error bands increases
as the number of years after the shock increase. The bottom-right panel of Figure 9 shows the

dynamics of growth are remarkably well reproduced by the model.

9 Cyclical properties of domestic policies

This subsection asks three questions: How do monetary and fiscal policies vary over the business
cycles when the government cannot commit to future policies? Does the model capture the

cyclicality of policy in emerging markets? And what are the key features to shape the dynamics
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of domestic policies?

First, we study the cyclicality of monetary policy. Following Figure 2 in Vegh and Vuletin
(2015), we compute the correlations between the cyclical components of the inflation tax and
real GDP. They define the inflation tax as inflation/(1+inflation). We detrend the series using
Christiano and Fitzgerald (2003), as in the previous subsection. This allows us to compare the
model and the average of the data for the seven countries in our sample. The results, presented
in Table 6, show that in recessions, when real output falls, the inflation tax increases both in
the model and in the data. In our model with terms-of-trade shocks, this occurs because a
terms of trade deterioration requires a real exchange rate depreciation that is implemented by
the government with a nominal devaluation that causes inflation (mostly coming from the price
of imports). Importantly, note that a similar pattern emerges with recessions induced by TFP
shocks.

Table 6: Policy over the business cycle

Data  Model, shocks

pl TFP
Corr. (real expenditure, y) 0.260  0.467  0.906
Corr. (personal income tax, y) -0.150 -0.122 -0.440
Corr. (inflation tax, y) -0.214  -0.526 -0.655

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.

Second, we analyze the cyclicality of fiscal policy. In this case, we consider two variables that
are government choices in our model: expenditures and labor taxes. Following Figure 1 in Vegh
and Vuletin (2015), we proceed as with the inflation tax and compute the correlation between the
cyclical components of real government expenditure and real GDP, both in the model and the
data. Similarly, we study the behavior of taxation by looking at the cyclical components of the
personal income tax rate and real GDP. The results, presented in Table 6, show that government
expenditure decreases and taxes increase during bad times—the government follows “austerity
policies” during recessions. This policy, which is optimal in our models because the government
must repay debt to the rest of the world in “bad times,” is typical of emerging markets. Fiscal
policy’s procyclicality stands in stark contrast with the behavior in developed economies, where
fiscal policy is generally countercyclical (Frankel et al., 2013). For example, in Japan, the
correlation between the cyclical component of output and real government expenditure was

—0.2 during the same period.

The fact that the models reproduce these correlations is a valuable validation of the most
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significant contribution of our model: incorporating domestic policies in a model of sovereign
default. Clearly, of the two features in our model, introducing domestic policies into the model
is essential to be able to analyze its dynamics. The rest of this section studies how important
is to include sovereign default risk to reproduce the dynamics of domestic policies. We do this

by presenting the results of a simulated path for key variables after a shock.

Figure 10 shows the behavior of taxes and the money growth rate after the shock to terms of
trade displayed in the top-left panel. Recall from Figure 8 that after the shock, in the economy
with lower default risk there is a significantly smaller reduction in debt. The implications of
this smaller deleveraging on domestic policies are very significant. As displayed in the bottom
panels, taxes and money growth are much less pro-cyclical in the model with lower default risk.

A very similar pattern is shown in Figure 11 for the dynamics following a TFP shock.

Figure 10: Response to a TOT Shock in a Simulated Path
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Figure 11: Response to a TFP Shock in a Simulated Path
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10 Concluding remarks

Emerging economies experience recurrent debt crises, in part, due to their tendency to over-

borrow during good times. Their fragility to adverse shocks is likely also a consequence of
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inadequate economic policy frameworks; for example, a lack of fiscal discipline and an excessive

reliance on seigniorage and currency depreciation.

Our paper connects domestic policies to sovereign default and economic outcomes. We mod-
eled fiscal and monetary policies as being 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 on 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 is able to reproduce standard business cycle statistics and
the dynamic responses of policies and macroeconomic aggregate to terms-of-trade shocks in

emerging markets.

In follow-up research, we use the setup developed here to analyze the fiscal and monetary
policy response to the COVID-19 pandemic in emerging markets. We model the pandemic as a
“perfect storm” combining four unexpected shocks and decompose their individual contribution

to policy and economic outcomes.
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A Theory

A.1 Derivations

In order to characterize the solution to the household’s problem, let x and 1 denote the La-

grange multipliers associated with constraints (8) and (2), respectively. The necessary first-order

conditions with respect to (cN el h,m! ) for an interior solution are

un —pN(x+¢) = 0, (45)
up—ex = 0, (46)

-+ x(1-—7)w = 0, (47)

BE [Vh|Z,s] —x(1+p) = 0, (48)

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 (45) and (46) we can

solve for the Lagrange multipliers,

_ W ur
Vo= N e (50)

Replacing these expressions in (47) and (48) yields (9) and (10). Using (7) to replace e in (50)
and imposing ¢ > 0 yields (16).

The government budget constraint

Take the government budget constraint (5), multiply both sides by Fyc" and use (12), (13),
(14) and (15) to obtain

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

Next, replace the tax rate, 7, using (17) and the money growth rate, u, using (18) to obtain the

government budget constraint in a competitive equilibrium,

[1—(Fr/p") (e /ur)|F (N +g,y") = Fn (N +g+7)+B8(Fr /p")E [une™' I, 5] Jur—(Fr/p")(p"y"=c") > 0.
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Since F(y™,yT) = Fyy™ + Fry” = Fy(cN + g) + Fry” we obtain
(Pr/p") {c" = (ve/ur)F (" + g,y") + BE [uyc™'|Z,s] Jur} — vFn >0,
which after multiplying both sides by uz(p? /Fr) implies (19).

A.2 Domestic policy with transfers

Using (32) and (34) to solve for the Lagrange multipliers we obtain

N o MN veFn
FN(I) =+ ’yFN’
¢ unFr® + y[veFr Tn + (un — veFn)Ty]
pT(Fn® +TN) ’

and so (33) implies

FT(I)(UN — F) - [(quT — 'l}gFT)FN — (uN — ’UgFN)Fy] = pT(uN — ngN)(uT + UTTCT — ’yFT),
(51)

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

A.3 Proofs

Proof of Proposition 1. Given I'y = I'y, (32) and (35) imply uy — 9y = —Cuyny > 0. If ( =0

then uy = ¥g4; if ¢ > 0 then uy > 9,. O

Proof of Proposition 2. Note that (28) implies uy —I' > 0. Since ® > 0, the left-hand side
of (36) is non-negative. Next, A > 0 implies uny — vgF > 0. Hence, uy —I' > 0 if and only
if upr + upre’ > 0, while uy — I' = 0 if and only if ur + upprel = 0. If preferences are such
that up + uppel < 0, then (36) cannot be satisfied—a contradiction. In this case, ¢ > 0 and
therefore, (28) binds. O

Proof of Proposition 8. Suppose ¢ = 0. From (33) we can write £ = ur + A(ur +urpc’ —~I'7)

and then rearrange (34) as follows

Fr(ve + A®) — pTur = p" Nur + urpe” —y(T'r +Ty)). (52)
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From (32) Fr(ve + A®) = (uy — MYI'nv)(Fr/Fn). Thus, (52) implies
UN(FT/FN) — pTuT = pT)\[uT + UTTCT + ’Y[FN(FT/FN) —I'r — Fy]. (53)

Recall that I'y > 0, I'r < 0 and I'y < 0. Hence, if “TTC < 1, then ur + urrc’ > 0 and so,

the right hand-side of (53) is strictly positive. Then, uN(FT/FN) —pTur > 0 and (i) follows.

For (ii), suppose (28) is satisfied with equality while ¢ = 0. Then (53) implies ur +urrc! =

—[[n(Fr/Fy)—T7r —T,] <0 and so, %>1 0

Proof of Proposition 4. Consider the EG real allocation (B’ N el 4T, ) that solves the prob-
lem (PPEP) where lump-sum, unconstrained taxes 7 make the government budget constraint
becomes (40). In order to prove this result, we first solve the problem (PPEP) and then we

N

construct the monetary policy and taxes (fi,7) as well as the prices (p™, é,w) that support this

allocation as an equilibrium in our setting.

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

iy = UoFn, (54)
boFr = plir, (55)
J, = 0FN, (56)

which imply f“;# = GrFy; ie., the non-negative constraint (28), which we ignore to derive

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

A~

+Q(B,s)B' =B = 0. (57)

0>

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

b = éW’

Y

w - el )
Fy

while the exchange rate is determined by

N Fr
pT Fy

>
Il
>
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The monetary policy has to be tailored so that

_ BE[dayeN'|B, T, 5] )
fr=— i
tupcNpT (Fy /Fr)

as it has to decentralize money holdings such that m’ = m = 1. Since f“;# = apFy, we obtain

E [\ éN'|B, I, s
po BB LS] 53)
UNC

On the other hand, taxes are given by

vy Fr

— =0.
ur pT

F=1-

Finally, lump-sum transfers are designed to make the budget constraint of the government
(40) hold so that
T=p"G+7) —a+er g’ —é)

O

Proof of Proposition 5. As shown in Proposition 4, the real EG allocation implies zero labor
taxes when monetary policy is given by (41). Thus, combining the balance of payments with

the government budget constraint when lump-sum taxes are not available implies

~ N

elQ(B',s)B' — B =p"N (g +7) — i, (59)

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 (58) 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 (59) 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 A P
T > Q(B',s)B"'= B+
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and so B’ > (1+r)B+ (1+7) (%(g +v) — “) Therefore, as r > 0, the sequence of debt

é
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(0,77) = 1,

i.e., the highest level of the tradable good that can be produced as h = 1 and g~ = &N +§ = 0.

Let pT = maxp” and conjecture that Q(B',s) =0 for all B’ > (1+T)p_TyT and all s. From

)

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

T AA NPl TAT Nepl AP L STAT 1 (A+r) 5 pp

¢ =QB,)B +p§ —B<max{QB,s)B}+p§ —B< o ——p'7 +0 7 - B
(61)

Therefore, if B = “%’@T, then (61) 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., @ (@gT, s) = 0 for all s. Therefore, since ) is decreasing,

Q(B',s) =0 for all B > @gf and all s and validates the conjecture.

To conclude the proof, observe that as the sequence of debt would be strictly increasing
(1+7)

y* in finite time and thus contradicts (60) since

Q(B',s) =0 for all B’ > g7 and all s . 0

r

and unbounded, it would be larger than

B Quantitative Results

B.1 Definition of macroeconomic aggregates

e Nominal GDP (in pesos, normalized by the money stock),
Yi =iyl +py)
e GDP in foreign currency (USD),
VARl

1
=pry + ;tpiv .

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

T, T N, N
epy Py
Pty_< v >€tptT+(Y )piv
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Real GDP,

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

T, NN
Cit=eic; +p;cp-

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

eCT NCN
= (et (M)

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

pPF
= (14 p—1) — 1
P,
e Currency depreciation
e
Ay=—(1+ 1) -1
€t—1

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

prices are normalized by the money stock.

B.2 Identification

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 7, justify the
link between parameters and targets mentioned in the calibration section. The first column
shows how each parameter change 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 x
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 get the default rate.

In the second column of Table 7, 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 x, which we already show is key to replicating the default rate, the most substantial change
is in By followed by w;i. Clearly, these parameters are important to determine debt because

they determine the benefits and costs of default. We pick B, for debt because its adjustment
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Table 7: Percent change in each parameter when a target is increased by 10 percent

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
By 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
Qg 0.02 0.23 0.01 11.72 -4.22 -7.92 -0.27 3.17 4.88
op 0.01 0.07 0.00 -1.80 -27.77  -6.86 0.33 -1.52 4.88
o 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
0 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.

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 7 with a moment.

B.3 The choice of p and ¢

This section discusses the choice of oy = o = 0.5 and p = 1.5 by comparing the results for
alternative parameters. In particular, we consider oy = o7 = 1.5 and p = 2. Recall that we set
on = or = 0.5 because 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 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.

To be able to perform this comparison, we re-calibrate the model without terms-of-trade
shocks twice to make sure that the model with ¢ = 1.5 and the one with p = 2 fit the targets well.

Next, Figure 12 shows how policies and allocations change with the alternative calibrations.

The economy calibrated with ¢ = 1.5 shows some important qualitative differences with
the benchmark economy. First, the money growth rate is decreasing in debt over the relevant
range, while expected inflation takes a faster dive as debt increases. Though not shown, u
becomes increasing for sufficiently high debt, but this occurs for a range of debt that makes the
government likely to default. In terms of allocations, the one critical difference is that hours is
increasing rather than decreasing in debt. These differences serve to identify which calibration

of the model fits the data better. More on this below.
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Figure 12: Policies as functions of debt, alternative calibrations
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The economy calibrated with p = 2 is qualitatively similar to the benchmark economy. Dif-
ferences are quantitative, though they are calibrated to match the same steady state statistics.
In this sense, varying p, i.e., the elasticity of substitution between nontradable output and ex-
ports in the cost function, changes how the economy behaves outside the steady state and, thus,

determine how it reacts to shocks.

We now study dynamics to further illustrate the model’s inner working and the differences
across different calibration. In Figure 14, we consider here the reaction to unexpected shocks
to terms of trade. When we consider the economy calibrated with ¢ = 1.5 we see important
differences: real GDP and exports actually increase in response to a fall in export prices. This
is a critical source of identification for which calibration is preferred; as we describe in more
detail below, the behavior of output and exports favors the benchmark calibration. Another
interesting difference is the behavior of inflation. In the benchmark economy, inflation increases
and exhibits persistence; in the economy calibrated with o = 1.5, inflation first increases above

and then falls below the steady state, thus displaying more erratic dynamics and less persistence.

The economy calibrated with p = 2 is qualitative similar to the benchmark economy. In this

case, identification of the preferred value for p is quantitative. As Figure 14 shows, the response
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Figure 13: Equilibrium allocations when repaying as functions of debt, alternative calibrations
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Figure 14: Dynamics following unexpected adverse shock to p?, alternative calibrations
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of the spread is much more pronounced when p is calibrated to a higher value.
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We also re-calibrated the model with terms-of-trade shocks to evaluate the non-targeted
statistics in Tables 5-6. We present all the moments in Table 8, where we added at the bottom
the average absolute distance to the moments. This last statistic is revealing of how better our
preferred calibration fits these moments. This measure of the fit of non-targeted moments in

twice as large for the economy with p = 2 and a bit more in the economy with o = 1.5.

In particular, we find that the economy with ¢ = 1.5 does a worse job fitting these 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 most poorer fit is due to the fact

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

Table 8: Business Cycles and Policy Statistics for Alternative Parameters

Data Benchmark p=20 oc=1.5

Std. Dev. (y) 0.038 0.016  0.006 0.008
Std. Dev. (trade balance/Y) 0.035 0.017  0.008 0.007
Std. Dev. (c) / Std. Dev. (y) 1.193 2478  3.981  1.772
Std. Dev. (spreads) 3.923 3.303 2.097 1.213
Std. Dev. (exports/Y) 0.052 0.021 0014  0.012
Std. Dev. (depreciaton) 0.196 0.102 0.086 0.102
Correlation(trade balance/Y, y) -0.357 -0.177  -0.288 0.275
Correlation(c,y) 0.846 0.589 0.723  -0.064
Correlation(spreads,y) -0.362 -0.073  -0.132 0.260
Correlation(exports/Y,y) -0.178 -0.141 0.108 0.302
Correlation(depreciation,y) -0.252 -0.226  -0.316 0.278
Correlation(depreciation,spreads) — 0.431 0.205 0.261 0.291
Corr. (inflation tax, y) -0.214 -0.526  -0.649 0.107
Corr. (real expenditure, y) 0.260 0.467 0.709  -0.275
Corr. (personal income tax, y) -0.171 -0.122 0.237 0.364
Average absolute distance to data - 0.244 0.470 0.546

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 Vuletin (2015): inflation/ ( 1 + inflation).

Finally, we analyze how our conclusions about the performance of the EG version of our
model change when we recalibrate the model for different values for p and . The results are
presented in Table 9. The main result is that our conclusion are robust to the values of p and
o. In particular, the correlations of trade balance, exports, and debt spreads with real GDP

have a positive sign, contrary to what we observe in the data.
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Table 9: The Role of Distortionary Policies, Alternative Parameters

Data Benchmark Recalibrated EG version

p=2 oc=15
Std. Dev. (y) 0.038 0.016 0.007 0.008
Std. Dev. (trade balance/Y) 0.035 0.017 0.007 0.007
Std. Dev. (¢) / Std. Dev. (y)  1.193 2478  3.186 1.403
Std. Dev. (spreads) 3.923 3.303 2.394 0.958
Std. Dev. (exports/Y) 0.052 0021 0017 0.013
Correlation(trade balance/Y, y) -0.357 -0.177 0.249 0.508
Correlation(c,y) 0.846 0.589 0.396 -0.249
Correlation(spreads,y) -0.362 -0.073 0.034 0.460
Correlation(exports/Y,y) -0.178 -0.141 0.321 0.459

B.4 Policy functions in an economy with terms-of-trade shocks

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’ estimated 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” for which we estimate its corresponding transition matrix
with the Tauchen method.?® We experimented we 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 allo-
cation of computing time. For example, either computing the integral, or increasing the size of

the grids, deliver the same solution but requires more computing time.

Figures 15 and 16 show some policies and allocations as function of the repayment status,
debt and terms of trade. For example, the top-left figure shows the policy function of debt
issuances as a function current debt (in the horizontal axis) and terms of trade (ranging from
blue for lower terms of trade to yellow for higher terms of trade). The dashed lines correspond to
the allocations when the economy is in autarky. Figures 17 and 18 show policies and allocations

as functions of the repayment status, debt and tfp.

25The 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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Figure 15: Policies as function of debt, p’, and repayment status

Debt Money growth rate Tax rate
Debt mu tau
045
0.4
035
03
0.25
ATTLLLLEELLLEETLLLLY
02
v
0.15
0 05 1 15
Debt Debt Debt
Repayment probability Expected inflation Exchange rate
’ pay " expected inflation
0.8
06
04
02
0
0 05 1 15 15

Debt Debt Debt

Note: Policy functions in repay are solid lines, while in default are the dashed ones. The
different lines ranging from blue to yellow correspond to states with higher terms of trade.

Figure 16: Equilibrium allocations as function of debt, p’, and repayment status
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Note: Policy functions for repayment are solid lines, while in default are the dashed ones.
The different lines ranging from blue to yellow correspond to states with increasingly higher
terms of trade.
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Figure 17: Policies as function of debt, TFP, and repayment status
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Figure 18: Equilibrium allocations as function of debt, tfp, and repayment status
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The different lines ranging from blue to yellow correspond to states with increasingly higher
tfp.
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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:

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.EMP.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 US$) with indicator code DT.DOD.DPPG.CD and GDP (current
US$) with indicator code NY.GDP.MKTP.CD.

e “Haircut, Share of Debt” is the median “SZ haircut, HSZ” in Table 2 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
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country in default. We considered this fact when calibrating a significantly lower default

rate in the model with only ¢ shocks.

The sources for variables used in Table 5 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 “Consumption” is Consumption per capita constructed using two World Bank Variables.
Households and NPISHs Final consumption expenditure (constant LCU) with indicator
code NE.CON.PRVT.KN and Total Population with indicator code SP.POP. TOTL.

e “Spreads” is the J.P. Morgan Emerging Markets Bond Spread (EMBI4) obtained from
the World Bank. Indicator Indicator Id: EMBIG.

The additional sources for Table 6 is Vegh and Vuletin (2015). For real expenditure and
inflation tax, the numbers in the column “Data” corresponds to the averages for the countries
in our sample of the correlations reported by Vegh and Vuletin (2015). The only difference with
the numbers that they report and what we do with the simulated data from the model is that the
detrending method is different. We use these numbers because the series made publicly available
are already detrended. 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.

Figure 4 uses only a new variable: the terms of trade index. We use data from ECLAC -
CEPALSTAT, Economic Indicators and statistics, External sector. The index is called “terms
of trade and purchasing power of exports”. The same data is used to estimate the autoregressive

process for terms of trade in Appendix C.2.
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C.2 Estimation of a stochastic process for the terms of trade and productiv-

ity

We use data on terms of trade as described above and 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 10 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 10 are also quite similar to the average.

For productivity we use the Penn World Table version 10.0, variable rtfpna (TFP at constant
national prices). Before estimating the autoregressive process, we take logs of the series and
subtract the linear trend. Table 10 presents the results. The time period is the same as for
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 10: Estimation of process for shocks: p’ and tfp

pT TFP
Number of years Pp op Pifp Otfp
Argentina 40 0.9302 0.0608 0.7759 0.0433
(0.0567) (0.0064) (0.1072) (0.0062)
Brazil 40 0.8742 0.0656 0.8158 0.0270
(0.0759) (0.0072) (0.0575) (0.0027)
Colombia 40 0.9174 0.0851 0.8796 0.0139
(0.0588)  (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 0.9154 0.1022 0.9066 0.0289
(0.0868) (0.0106) (0.0906) (0.0024)
Peru 40 0.9327 0.0735 0.9171 0.0444
(0.0728) (0.0063) (0.0533) (0.0040)
Uruguay 40 0.7707 0.0718 0.8712 0.0369
(0.0928) (0.0072) (0.0432) (0.0031)
Average 0.8803 0.0756 0.8632 0.0314
Commodity 36 0.8757 0.0910
price index (0.0965) (0.0134)

Note: Standard errors in parenthesis.

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
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that the resulting value of p, is smaller, which implies that shocks are less persistent.

To get a simple idea of the role of persistence, we present in Figure 19 the response to
an unexpected shock to the terms of trade with three values of persistence: the benchmark,
pp = 0.8803, a higher value, p, = 0.98, and a lower value p, = 0.8. The dynamics after the
shock are perfect-foresight, as in the exercises in Section 5.4. Changing p, mainly affects the
persistence of real GDP and fiscal variables (debt over GDP and primary deficit over GDP);
it also affects spreads on impact. The reason for this last result is that a more persistent
fall in terms of trade limits the capacity for debt repayment more severely. Interestingly, the

persistence of inflation, currency depreciation and spreads are not altered significantly.

C.3 Event Study: Data-Model Comparison
C.3.1 EMBI+ events

e 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.

e Following Calvo et al. (2006a), 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.

e 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)

e 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 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.

e To these episodes we added others for which four conditions are satisfied: the spreads
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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 (IF'S) 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.

For the table, we presented the difference in inflation betwen period -1 and period 0. Since
the model is yearly and the data is quarterly, we take average of inflation for quarters -4
through -1 of each event to be the equivalent to period -1 in the yearly model values.
Likewise, we consider the average inflation of quarter 0 through 3 in the data to be

equivalent to period 0 in the model.
The above measure of inflation is truncated at +/- 50 percentage points

For the model, we adjust the criteria that the spread must be at least 500 basis points.
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 lower threshold for event selection.
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C.3.2 Reinhart, Reinhart, Rogoff, and Tresbech events

Havard Business School provides yearly data on inflation, banking crises, systemic crises, cur-
rency crises, and domestic and external debt crises collected by Reinhart et al.. The data begin

in 1800 and extend to 2016.

We exclude years in which only an inflation crisis occurs.

e We also exclude years in which prior-year inflation was greater than 100%.

The event start (t=0) is the first year in which a crisis is flagged.

Inflation is based to period t=-1 and truncated at +/- 50 percentage points

Since these data are yearly, we take the based inflation in t=0 to be the percentage point

change in inflation during the crisis year.

Figure 19: Shocks to the terms of trade: the role of persistence
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C.4 Local projections

We consider three alternative left-hand-side variables: inflation, EMBI spreads, and GDP
growth (i.e., In(GDP;) — In(GDP;—1)). We refer to these variables as y!, where i refers to
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the country and ¢ to the year. The right-hand-side variable of interest is the log(terms of

trade), and we refer to this variable as Ip..

The difference of a variable § periods ahead with the same variable one period ago is
Ayi Y61 = yi 5= yi_ 1. The panel regression we run to obtain the response to terms of
trade shocks is

Ay§+57t_1 =a’ + 55Alpi,t,1 + controls.

We run this regression 12 times: for each of the three alternative left-hand-side variables and for
5 ={0,1,2,3}. The controls consist of two lags of Ayi_H; 11, two lags of Alp;tfl, and country
fixed effects.

In Figure 9, we plot the coefficients 4 multiplied by —10 to represent a 10 percent decline
in the terms of trade. 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 three
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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