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Abstract

In the past two decades, emerging economies have registered a reduction in the
share of sovereign debt denominated in foreign currency and an extension in its
maturity. First, I study how these changes affect the optimal monetary and fiscal
policy. I derive analytical results using a commitment framework. A higher share of
debt denominated in local currency increases the reliance on variations in inflation to
hedge against fiscal stress, which in turn increases with the maturity. Additionally,
it reduces the relative exposure to foreign shocks. Second, I study the differences
in currency composition across countries, focusing on Latin America. In this case I
use a time-consistency framework, to capture the large shares of debt denominated
in foreign currency observed in the data. I find that large external debt-to-GDP
ratios, long debt duration, and low inflation costs encourage more borrowing in
inflation-indexed bonds and can explain the larger share of inflation-indexed debt

in Uruguay compared to other Latin American countries.
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Chapter 1

Introduction

In the last two decades, emerging economies have experience significant changes
in the composition of their sovereign debt, which directly affects fiscal financing,
and have potential implications for monetary and fiscal policy implementation and
economic growth. In this document I focus on two specific facts: the reduction in
the share of sovereign debt denominated in foreign currency, and the lengthen of the
maturity structure.

In the first chapter, I explore how the above-mentioned changes in sovereign debt
structure affect the optimal (joint) monetary and fiscal policy. I follow Leeper and
Zhou (2021), incorporating an open economy dimension. Traditionally, emerging
economies have been modeled as small open economies that issue short-term, foreign-currency
denominated debt (see for example Schmitt-Grohe and Uribe 2004’s book), which
contradicts the facts stated before. In my analysis I consider different currency
compositions and maturity structures of the sovereign debt —taken as given in this
chapter—.

In the second chapter, I explore empirically and quantitatively the differences

in sovereign debt currency composition across emerging economies. In particular,



I focus on Latin American countries, which evidence a wide variety of interesting
examples, as captured in the recent book A Monetary and Fiscal History of Latin
America, 1960-2017 (2021). In this case, I make the currency composition decision
endogenous, using a time-consistency framework.! First, I document the differences
in the currency composition of the sovereign debt, distinguishing between bonds
denominated in local currency, foreign currency and inflation-indexed. Second, I
incorporate inflation-indexed bonds to Ottonello and Perez (2019)’s model and provide
an analytical and quantitative analysis.

Let’s see in more detail how changes in debt structure, as the ones experienced

by emerging economies, affect optimal monetary and fiscal policy.

References

A Monetary and Fiscal History of Latin America, 1960-2017 (2021). University of
Minnesota Press. 1SBN: 9781517911362. URL: http://www.jstor.org/stable /10.
5749 /j.ctv27qzskq (visited on 04/18/2023).

Leeper, Eric M. and Xuan Zhou (2021). “Inflation’s Role in Optimal Monetary-Fiscal
Policy”. In: Journal of Monetary Economics. 1SSN: 0304-3932. DOI: https://doi.
org /10.1016/j.jmoneco.2021.10.006. URL: https://www.sciencedirect.com /
science/article/pii/S0304393221001173.

Ottonello, Pablo and Diego J. Perez (2019). “The Currency Composition of Sovereign
Debt”. In: American Economic Journal: Macroeconomics 11.3, pp. 174-208. DOI:
10.1257 /mac.20180019. URL: https://www.aeaweb.org/articles?id=10.1257 /mac.

20180019.

LAs explained in Chapter 3, the time-consistency framework provides a reason for emerging
economies to issue bonds in foreign currency. On the one hand, the real value of bonds denominated
in foreign currency cannot be altered by government’s decisions. On the other hand, the government
has incentives to reduce the real value of bonds denominated in local currency and inflation-indexed.
As a result, the government will choose some fraction of foreign currency bonds to avoid inflationary
costs and real exchange rate distortions.


http://www.jstor.org/stable/10.5749/j.ctv27qzskq
http://www.jstor.org/stable/10.5749/j.ctv27qzskq
https://doi.org/https://doi.org/10.1016/j.jmoneco.2021.10.006
https://doi.org/https://doi.org/10.1016/j.jmoneco.2021.10.006
https://www.sciencedirect.com/science/article/pii/S0304393221001173
https://www.sciencedirect.com/science/article/pii/S0304393221001173
https://doi.org/10.1257/mac.20180019
https://www.aeaweb.org/articles?id=10.1257/mac.20180019
https://www.aeaweb.org/articles?id=10.1257/mac.20180019

Schmitt-Grohe, Stephanie and Martin Uribe (2004). “Optimal fiscal and monetary
policy under sticky prices”. In: Journal of Economic Theory 114.2, pp. 198-230.

URL: https://ideas.repec.org/a/eee/jetheo/v114y2004i2p198-230.html.


https://ideas.repec.org/a/eee/jetheo/v114y2004i2p198-230.html

Chapter 2

Optimal Monetary and Fiscal
Policy under Commitment:

The Role of Maturity Structure
and Currency Denomination of

Government Bonds

2.1 Introduction

In the last decades, emerging economies have evidence changes in the composition of
their sovereign debt that challenge the way they were traditionally modelled —small
open economies that issue short-term, foreign-currency denominated debt—.! On one

hand, the share of sovereign debt denominated in foreign currency has decreased,

'In this chapter I focus on total sovereign debt, i.e. the sum of domestic and external sovereign
debt.



leading to an increase in the share of local currency and inflation-indexed debt (see
Figure 2.1). On the other hand, emerging economies have extended the average
time-to-maturity of their sovereign debt (see Figure 2.2). In light of these changes,
in this chapter I study how maturity and currency denomination of government debt

affect optimal monetary and fiscal policy.
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Figure 2.1: Currency composition of total government debt (domestic and external).
Source: central bank and ministry of finance of each country

As discussed in the vast and growing literature on (joint) optimal monetary and
fiscal policy, sovereign debt structure determines the alternatives the government
has to respond to macroeconomic shocks.? For example, Leeper and Zhou (2021)
emphasize the role of maturity structure, and P. Benigno and Woodford (2004) discuss
the case of indexed debt. This literature mostly targets advanced economies and use
closed economy models. In this chapter, I extend the analysis to a small open economy

framework, to capture how emerging economies are affected and respond to domestic

2Leeper and Zhou (2021), in their introduction, provide an excellent summary of the existing
papers highlighting the main drivers of their (in some cases contradicting) results.
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Figure 2.2: Average time-to-maturity.
Source: central bank and ministry of finance of each country and OECD calculations.
and foreign shocks under different debt compositions.

I start my analysis by assuming commitment and a timeless perspective, as in
P. Benigno and Woodford (2004), and I apply their micro-founded linear-quadratic
approach in order to obtain neat analytical solutions that help me characterize the
properties of optimal policies. 1 study optimal monetary and fiscal policy under
commitment in a small open economy that features complete asset markets from the
household perspective, monopolistic competition in production, sticky prices, and
distorting taxes as the only available source of government revenue. I consider local
currency, foreign currency and inflation-indexed bonds, to capture the differences
in currency denomination of government debt observed in the data (Figure 2.1).
Moreover, following Leeper and Zhou (2021), I incorporate maturity structure of
government debt to analyze how the observed increase in the average time-to-maturity
of the sovereign bonds in emerging economies (Figure 2.2) affects optimal policy.

As in closed economies, I find that with debt denominated in local currency, the



role of inflation as a fiscal shock absorber increases with the average maturity of
debt and with the debt level. This role disappears when the debt is denominated in
foreign currency or inflation-indexed, but real exchange rate effects persist. Regardless
of the debt structure, external shocks affect the small open economy; however, the
vulnerability of the small open economy to foreign disturbances is higher with debt
denominated in foreign currency, and increases with the maturity.

This paper is closely related to De Paoli and G. Benigno (2010) and De Paoli and
G. Benigno (2010), which also study optimal monetary and fiscal policy in a small
open economy framework using P. Benigno and Woodford (2004) linear-quadratic
approach. However, they consider monetary and fiscal policies separately, and they
only contemplate one-period, local-currency bonds. Their focus is on terms of trade
externalities, which arises because imported goods are not perfect substitutes to goods
produced domestically.

The chapter proceeds as follows. I describe the small open economy model in
Section 2.2, and introduce the optimal policy problem faced by the government
in Section 2.3. I conduct the optimal policy analysis in Section 2.4. Section 2.5

concludes.

2.2 The Model

The model is a standard New Keynesian model for a small open economy where
households have access to complete markets, augmented to include the government’s
budget constraint where government spending can be financed by distortionary taxation
and debt. I consider different maturities (bonds with geometrically decaying coupons)
and currency denomination (foreign currency, local currency and inflation-indexed)

of government bonds.



2.2.1 Households

The small open economy is populated by a continuum of identical households.
Each household has preferences over a composite consumption index, Cy, and hours

worked in home-industry h, Ny(h). Preferences are:

(%9) Cl o 1 Nt(h)lJer
Uy =E BU(Cy, Njy) = E Ik ( —dh) 2.1
0 0 ; (Cy gt 0 Z 1—o 11 (2.1)

where 0~1 denotes the intertemporal elasticity of substitution, ¢! parametrizes the
Frisch elasticity of labor supply, and the consumption index C} is defined by

n

(OFt) 7]1] n—1

3=

C, = [ﬁ%(cH,t)”T‘l 4 (1— )i

where 7 is the intratemporal elasticity of substitution between domestic and foreign
goods, Cp, and Cr, are the consumption sub-indices of home-produced and foreign-produced
goods, respectively. The parameter determining home consumer’s preferences for
foreign goods, (1—19), is a function of the relative size of the small open economy with
respect to the rest of the world, n, and the degree of openness, a: (1—9) = (1 —n)a.

Similar preferences are specified for the rest of the world. Note that for a < 1 the
specification of ¥ and ¥* gives rise to home bias in consumption, as in Sutherland
(2005).

The sub-indices of home-produced goods, C, and foreign-produced goods, Cry,

are defined as:

1 < n N e—1 . ﬁ 1 % 1 N €
Chy = [(—) / Cra(j) - d]] and Cpy = [( ) / Crs(J)
n 0 I1—n n

where j € [0, 1] denotes the good variety and € > 1 denotes the elasticity of substitution

€

= dj]

2.2)

o

between varieties (produced within any given country). Analogous expressions hold



for (C’;I,t) and (C;t).
The optimal allocation of expenditures between domestic and imported goods is

given by:
P -n P -n
Cry =1 (%) Cy; Cpy=(1-19) (ﬂ) C,

t
1
where P, is the consumer price index (CPI) given by P, = [( Py )" + (1 — 9)(Pry)' 77
and P, is the price sub-index for home-produced goods expressed in the domestic
currency and Pr, is the sub-index for foreign produced goods expressed in the domestic

currency:

1 1

N k= T
Py, = [(—) / Pu(j)! dy] and  Pry = K ) / Pra(j)! dy]
n 0 1—77/ n

(2.3)

Analogous expressions can be derived for Cy,, Ck,, P, Py, and Pr,.

I assume that the law of one price holds for each variety, so Py (h) = &Pp,(h)
and Ppy(f) = &P, (f), where & is the nominal exchange rate (the price of foreign
currency in terms of domestic currency).

The definition of the aggregate price levels and the price sub-indexes, together
with the law of one price for each variety, imply that Py, = &FPf, and Pry = &Py,
However, as the definition of the CPI illustrates, home bias specification leads to

deviations form purchasing power parity, i.e. P, # & P/. For this reason, I define the

Es P

real exchange rate as Q; = o

To characterize the small open economy I use the definition of 1 and ¥* and take
the limit for n —0. The the CPI index of the rest of the world becomes P/ =
Pr,, and using the law of one price and the definition of the real exchange rate

Pr; = QiF,. Then, the CPI in the small open economy can be expressed as Ptl_?7 =

(1 —a)(Puy) "+ a(QP)' .



10

For later use, I define the CPI inflation, my = P,/ P,_4, as

i [l g s e @B - (2.0

1 —a)(Pge1)'""+ a(Qr1Pi1)

Accordingly, the household’s problem implies the maximization of equation (2.1)

subject to a sequence of budget constraints of the form:

Y [Wi(h)Ne(h
PtC't + Et {Qt’t+1Dt} - PH,tZt + / {% + PH7th<h):| dh + Dt,1 (25)
0 t

Wi(h) is the nominal wage in industry h, II;(h) is the share of profits paid by the
hth industry to the households and Z; are lump-sum government transfer payments.
pi” < 1 is an exogenous wage markup factor and common to all domestic labor
markets.? I assume that households have access to a complete set of state contingent
claims, traded domestically and internationally. D; is the household’s bond portfolio
at the end of period ¢, which may include state-contingent claims of many sorts. The
(nominal) market value of such a bundle of state-contingent claims in period ¢ is given
by E;{Q:++1D:}, where Q441 is the stochastic discount factor for pricing arbitrary
financial claims. One-period government bonds, which could be denominated in local
currency, BtL C’S, inflation-indexed units, b7, and foreign currency, Bf C’S, are included
in D, and pay gross interest rate R;, 7, and R; in period ¢ + 1, respectively. We price
these bonds, but shall impose they are in zero net supply, Bts = (0. Additionally,
households have access to long-term government debt portfolios, also included in Dj.
These portfolios could be denominated in local currency, BtL C’M, inflation-indexed
c,M

. . FC,M . . . LC,M F
units, b, and foreign currency, B, ~", with respective prices Q; ", ¢M, and Q;

Each portfolio consists of perpetuities with coupons that decay exponentially, as in

31 follow P. Benigno and Woodford (2007) to include a time-varying exogenous wage markup
that introduces a “pure” cost-push shock. Chari, Kehoe, and McGrattan (2009) show that many
underlying setups yield an equivalent wedge between the real wage and the marginal rate of
substitution.
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Woodford (2001). A bond issued at date ¢ pays p*~! units at date t + k, for k > 1
and p € [0,1] is the coupon decay factor that parameterizes the average maturity of
the debt portfolio. A consol is the special case when p = 1 and one-period debt arise
when p = 0. [ assume the same average maturity for all currency denominations,
therefore, the duration of the composite long-term debt protfolio is (1 — 8p)~1.4
Using the definition of the real exchange rate and assuming symmetric initial
conditions across countries (i.e. zero net foreign asset holdings and an ex ante identical

1
environment), we obtain the international risk sharing condition C; = C;Q; .

2.2.2 Firms

A continuum of monopolistically competitive firms produce differenciated goods.
Production of good h, produced in the home economy, and of good f, produced in
the foreign economy, are represented by Y;(h) = A;Ny(h) and Y,*(f) = AIN;(f),
where A, and A; are exogenous aggregate technology shocks, common across firms
in the respective economies. Firms h, in the home economy, and firms f, in the
foreign economy, face the demand schedules Y;(h) = (PH—t(h)> _eYt and Yi(f) =

P ¢
<M>i Y. With demand imperfectly price-elastic, each firm has some market

Pp
power, leading to the monopolistic competition distortion in the economy.

Another distortion stems from nominal rigidities. In both economies prices are
staggered, as in Calvo (1983), with a fraction of 1 — @ of firms permitted to choose a
new price, pH,t(h), each period, while the remaining forms cannot adjust their prices.
Firms that can reset their price choose PH7t(h) to maximize expected discounted
profits, max By 525 0 0% Q.41 [(1 — 1) Prra (h) Yoo (h) — \IIH,C(}QM‘t(h))] subject to
the demand schedule Y, 4. (h) = (?{H—tg) - Yiik, where Q441 is the stochastic

discount factor for the price at t of one unit of composite consumption goods at

4Appendix 2.A details the first-order conditions of the households.
5Appendix 2.A details the no-arbitrage condition between one-period and long-term bonds, and
the derivation of the international risk sharing condition.
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t + k, defined by Q141 = BkUUC’Tik%. Sales revenues are taxed at rate 73, U, is the
cost function, and Yi; (k) is the output in period ¢ + £ for a firm that last reset its
price in period t.

The first-order condition for this maximization problem implies that the newly

o o 1+e
chosen price in period ¢, Pg.(h), satisfies (PH,t(h)/PH,t) - e/(e — 1)(K/Jy),

where K; and J; are aggregate variables defined in Appendix 2.B.

2.2.3 Government

The government consists of monetary and fiscal authorities who face the consolidated

budget constraint, expressed in real terms:

BLe.M & BFoM BLC.S g BFCS
I{LC,M t + qg\/[biw + QfC,M tD¢ + Q,{:C’S t + quf + QfC,S tD¢ +pH,tSt
P, P P, P,
BLﬁC,M € B}iC,M LfC,S € B}iC’,S
= L+ QM= p MM, QM T T g L (20)
P, P, P, P,

where S; is the real primary budget surplus defined as S; = Y, — Gy — Z;. G, is
government demand for the composite good and Z; is government transfer payments.
I assume that the public sector only consumes home goods and has preferences for
differentiated goods analogous to the ones of the private sector (given by equation
(2.2)). I consider a fiscal regime in which both G; and Z; are exogenous processes
and only 7; adjusts endogenously to ensure government solvency.

An intertemporal equilibrium -or solvency- condition links the real market value
6

of outstanding government debt to the expected present value of primary surpluses.

After imposing the expectations theory of the term structure, that condition is

0 o ~ B]\i[ )
1+ E; Z PQIQN QY #1 = E; Z Rtk Serk (2.7)
=0 50

6 Appendix 2.C derives this condition.
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where R4y is the k-period real discount factor.”

The price level today must be consistent with expected future monetary and
fiscal policies, whether those policies are set optimally or not. When the government
issues bonds in local currency (v.c # 0), debt maturity introduces a fresh channel
for expected monetary policy —choices of short-term nominal interest rates, Ry x—
to affect the current price level through the government’s solvency condition. When
the government issues bonds in foreign currency (yrc # 0), the price level today is
also affected by the monetary policy conducted in the rest of the world through the
short-term nominal interest rate, Rf .

Regarding the rest of the world, I assume the government issues bonds only in

foreign currency, and the average maturity of its portfolio is indexed by p*.

2.2.4 Equilibrium

Goods market clearing in the small open economy and in the rest of the world

requires

1 — Ql_n 1%711 1 -n §
Ytz(%) [(1—a)0t+a(gt) G

Labor market clearing in the small open economy requires A,}T*” Y, = AN,83 A, =

+G; and Y] =C) + G,

(1+¢)
fo <PZ;(h ) dh denotes the measure of price dispersion across firms and satisfies

the recursive relation

1— «97?16%1

1_¢ + O 1+@At1

At:u_e)[

Price dispersion is the source of welfare losses from inflation variability. An analogous

condition characterizes the labor market clearing in the rest of the world.

"See Appendix 2.C for more details.
8 Appendix 2.D derives the market clearing conditions.
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Combining the budget constraint of the households (2.5) and the government

(2.6), we get the small open economy aggregate resource constraint
P - o N L
Py (YZ — Gy — Ettct) = E{Qu1 D} — Q)BY — QY BM — | Dy — B — (14 pQ)")BY,

where the right-hand-side represents small open economy’s net exports, which are

equal to the net foreign assets (total assets net of government bonds).

2.3 Optimal Policy

In the optimal policy problem, the government chooses functions for the tax rate,
7t, and the short-term nominal interest rate, R;, taking as given the exogenous
processes for technology, A;, the wage markup, u}”, government purchases, Gy, and
lump-sum transfers, Z;. The optimal Ramsey problem implies choosing optimal paths

{Yi, Tre, 7, b, Aty Ji, Ki, QM Ry} to maximize the welfare of households given by

Ey Y BUY,ALE)
t=0

subject to households and firms optimality conditions, the aggregate resource constraint,
the law of motion for price dispersion, the relationship between relative prices, and
the government’s identity.”

I use Y, to refer to the vector of endogenous variables, Y; = Vi, Cr, vty O, Ty A,
and & to refer to the vector of exogenous shocks, & = [Ay, ui’, Gy, Zi, Cf]. Note that
C} is a function of foreign exogenous shocks [AF, i, Gy, Z;|. For the cases of only
local-currency bonds or inflation-indexed bonds, is enough to know Cj, but when
the government issues foreign-currency bonds, we need to know each foreign shock

separately, because foreign interest rate, R}, and foreign inflation, 7}, will affect the

9Appendix 2.E details the constraints and Appendix 2.F defines the symmetric deterministic
steady state.
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small open economy too.

In the unconstrained Ramsey problem, the presence of expectations of variables in
the constraint set makes the optimal policy time inconsistent. The Ramsey equilibrium
would involve ex ante promises that appear suboptimal ex post if the government can
reoptimize at a later date. To be comparable to existing work, we avoid time-inconsistency
problem by adopting Woodford (2003)’s “timeless perspective”. 1 formulate the
Ramsey problem recursively as if the optimal rule had been computed in the distant
past. The government commits to a time-invariant policy rule that is optimal subject

to an initial pre-commitment, with the property of self-consistency.

2.3.1 Linear-quadratic approximation

Following P. Benigno and Woodford (2004), I compute a linear-quadratic approximation

to the nonlinear optimal solutions. Distortionary taxes and monopolistic competition
in product and labor markets make the deterministic steady state inefficient.!® With a
distorted steady state, an ad hoc linear-quadratic representation of the problem does
not yield an accurate approximation of the optimal policy.!! The main issue arises
from the presence of a linear term in the second-order approximation to the welfare
loss function. In this case, a first-order approximation to the equilibrium conditions
ignores second-order terms potentially relevant to welfare.!?

I adopt P. Benigno and Woodford (2004)’s approach because it leads to neat

analytical solutions that separate the channels through which long-term debt affects

10T he size of the steady state distortion is measured by a parameter ® that derives a wedge between
the marginal product of labor (MPN) and the marginal rate of substitution, —g—g =(1-®)MPN,
where ® =1 — {*—W?il > 0, depends on the steady state tax rate, the steady state wage markup
and the elasticity of substitution between differentiated goods.

10One way to eliminate the inefficiency of the steady state is to assume that an employment
subsidy offsets the distortion from the market power of monopolistically-competitive price-setters or
distorting taxes. Then the steady state with zero inflation involves an efficient level of output. We
instead consider the more plausible case in which an employment subsidy is not available. Because
lump-sum taxes are not available, ® = 0 is possible only when initial government debt is negative.

128ee J. Kim and S. Kim (2003), Gali (2008) and Woodford (2011) for further discussion.
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optimal allocations and it nests conventional analyses of both optimal inflation-smoothing
and optimal tax-smoothing, to connect the two literatures.

Even though I conduct the second-order approximation for the general case, I will
focus from now on on a special case that abstracts from terms of trade externalities.
The special parameter configuration that delivers this result corresponds to on = 1.13

The representative household experiences welfare losses that, up to a second-order

approximation, are proportional to'*

1« . A
§E0 Z 6t (QWQW%—[,t + qgcax?) (28)
t=0

where 7; denotes the welfare-relevant output gap, defined as the deviation between

Y, and its efficient level Y¢,, 2, = Y, — Y‘it. Efficient output, ye depends on the

aty a ats
five fundamental shocks and is given by Yf = qAaAt + anét + anZt + anﬂXV +
qo- C’t*.15 The relative weight on output stabilization, Ay, = ¢za/¢ra, depends on model
parameters defined in Appendix 2.J. All gs depend upon the degree of openness
of the economy. The more open the economy, the smaller the weight on output
stabilization relative to inflation. Furthermore, the dependence of the efficient output
on fundamental shocks is affected by the degree of openness. In particular, the more

open the economy is, the larger is the effect of foreign consumption on efficient output,

capturing the larger exposure to the rest of the world. (See Figure 2.J.1)

2.3.2 Linear Constraints

Constraints on the optimization problem come from log-linear approximations to

the model equations. The first constraint is the Phillips curve, which I follow P.

1Bgn =1 eliminates the terms of trade externalities, and o = = 1 implies a balance trade at all
times (as in the simple case considered by Gali and Monacelli 2005).

14 Appendices 2.G-2.J contain detailed derivations.

15 Appendix 2.J defines parameters qaa, ¢Gas ¢Za> qwa and go-.
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Benigno and Woodford (2004) to rewrite as

ﬁ-H,t = BEtﬁ-H,t-‘rl + K/jj't + H@D('f‘t — /f-ci,t) (29)
where 75, = —%, and u,, is a composite cost-push shock that depends on all

exogenous disturbances, domestic and foreign, as defined in Appendix 2.L.

The functional form of the Phillips curve for the small open economy corresponds
to that of the closed economy, at least as far as domestic inflation, 7, is concerned.
When on = 1, i.e. no terms of trade externalities, the slope of the Phillips curve,
k, is identical to its closed economy version, and the degree of openness, «, affects
the dynamics of the domestic inflation through the foreign shocks that make up the
composite cost-push shock. Currency composition of sovereign bonds does not affect
the Phillips curve. For more details see Appendix 2.L.

The household’s Euler equation for domestic bonds produces a second constraint.

After imposing market clearing, it becomes

. . Sc R S 2 2
Ty = EZ +yoo— Bt — - <Rt - Ra7t> (2.10)

ay Tay
where s¢ is the steady state consumption to GDP ratio, ]-z?,t = ’}/chfit—i-’}/cp[ft—'—’)/pcﬁf
and f%g,t = %UM is the setting of the short-term nominal interest rate that exactly
offsets the composite demand-side shock, which is defined in Appendix 2.M, as well
as parameter ...

The functional form of the IS curve for the small open economy is similar to that
found in the closed economy. However, two differences can be pointed out. First,
the degree of openness and the currency composition of sovereign debt influence the
sensitivity of the output gap to interest rate changes, s¢/04,. A higher share of bonds

denominated in foreign currency (or smaller share of bonds denominated in local

currency), an increase in openness raises the sensitivity of the output gap to interest
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rate changes (through the stronger effects of the introduced terms of trade changes on
demand). This effect increases with the degree of openness. Second, openness makes
the composite demand-side shock depend on foreign shocks, in addition to domestic
shocks, and the currency composition of the sovereign debt affects their impact. Also
notice that when there are no bonds denominated in local currency, v, = 0, then the
output gap does not respond to changes in home inflation. The details are described
in Appendix 2.M.

If policy makers faced only constraints (2.9) and (2.10), monetary and fiscal

policy could stabilize inflation and output gap completely to achieve the first-best

A~

outcome, 7y, = T; = 0, by setting by setting 7, = f'f;’t and ﬁit = Rfm. To reach this
first-best outcome, policy must have access to a non-distorting source of revenues
or to state-contingent debt that can adjust to ensure that the government’s solvency
requirements do not impose additional restrictions on achievable outcomes. Note that
in the small open economy this implies responding to external shocks as well. The
nature of this response will depend on both the degree of openness and the currency
composition of the sovereign debt.

When non-distorting revenues are not available and the government issues bonds
denominated in local currency, policy choice can, in effect, convert nominal debt into
state-dependent real debt by issuing long-term nominal debt. However, when the
government issues only inflation-indexed bonds or foreign currency bonds, the real
value of private claims on the government at period ¢, b, or bf_ CI’M, are predetermined
variables. This means that unexpected inflation variations are no longer able to relax

the intertemporal government solvency condition. Policies must be consistent with
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the flow government budget identity:

BM ) BM . .
(;i) +fi=8 (ﬁ) (1= B)5 @+ 7) + et + B(1 = p)QY
— a2 (1= B)a+ L lamie — (1 — a)yre] Ay (2.11)
Sc Sc

where sp = S/Y is the steady-state surplus-output ratio. ft, a composite fiscal shock
that reflects all exogenous disturbances to the government’s budget identity, is defined
in Appendix 2.N. Note that in the small open economy, the composite fiscal shocks
includes foreign shocks.

Naturally, the flow government budget constraint is affected by the currency
composition of its debt. Equation (2.11) allows us to consider different currency
compositions by varying . Note that domestic inflation is present in this expression
only when the government issues some fraction of local currency bonds, v.o # 0.
Additionally, openness interacts with the currency composition of the debt and affects
the fiscal composite shock and the fiscal resources derived from different output gap
levels.

Absence of arbitrage between short-term and long-term bonds delivers the fourth

constraint on the optimal policy program
BPEtQ%rl = Q"+ R (2.12)

[terating on (2.12) and applying a terminal condition yields the term structure relation
éi‘/f = L, Zzozo(ﬂp)k}:%prk. When p = 0, all bonds are one period, the long-term
interest rate at time t is proportional to the current short-term interest rate, so
any disturbance to the long rate will also affect the current short rate. When p >
0, the long-term interest rate at time ¢ is determined by the whole path of future

short-term interest rates, making intertemporal smoothing possible. A disturbance



20

to the long-term interest rate can be absorbed by adjusting future short-term interest
rates, with no change in the current short rate. By separating current and future
monetary policies, long bonds provide policy additional leverage. If the government
issues only bonds in foreign currency, the interest rate structure is determined by
the international interest rate, which is not controlled by the small open economy
monetary policy. However, p define this dependence. When p = 0 the long-term
interest rate in the small open economy at time t is proportional to the current
short-term interest rate in the rest of the world, so any disturbance to the long rate
in the rest of the world will also affect the current short rate in the small open
economy. When p > 0, the long-term interest rate in the small open economy at time
t is determined by the whole path of future short-term interest rates in the rest of
the world.

Solving the government budget identity forward and imposing transversality and

the term structure relation yields an intertemporal version of the solvency condition

BM - . o . o
< L 1) + F, =7yt — — layee — (1 — a)ype] 821 + — 24
Sc Sc

Py

+(1-B)E; Z B [br (Ferk — 764n) + badieri]
k=0

oo

+ By Z(ﬁp)kﬂ (étﬂc - é§+k) (2.13)

k=0

Note that condition (2.13) holds as long as the government issues some fraction of
local currency bonds, ypo # 0. I consider other cases in Appendix 2.0.

The sum ( f,:—]\é) +F, summarizes the fiscal stress that prevents complete stabilization
of inflation and the welfare-relevant output gap. Given the definitions of 7 and }:25,
F, reflects fiscal stress stemming from three conceptual distinct but related sources:
the composite fiscal shocks, f;, the composite cost-push shock, wu, (through 7f), and

the composite aggregate demand shock, v (through R¢). F; and parameters b, and
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b, are defined in Appendix 2.0. Note that in the small open economy these shocks
are domestic and foreign.

With F, fluctuating exogenously, complete stabilization of inflation and output,
Ty = @ = 0, which requires 7, = 77, }:%t = }?if will not generally satisfy (2.13) and
the government would be insolvent. The additional fiscal solvency constraint prevents
policy from achieving the first-best allocation. Shocks originated in the rest of the

world can affect the small open economy’s fiscal stress.

2.4 Optimal Policy Analysis

This section characterizes the nature of optimal policy behavior under sticky prices
for different currency denominations of the sovereign debt. The flexible price solution

is relegated to Appendix 2.P.

2.4.1 Sticky Prices

Under sticky prices, policy seeks paths for {'frH7t7 &4, 74, Ry, BtM , in } that minimize
(2.8) subject to (2.9)-(2.12). To facilitate interpretation, I express the optimality
conditions for inflation and output gap in terms of the Lagrange multiplier for the

term structure, L{, and the flow government budget identity, L?

. 1-5 1
Graftmy = ————br (L] — L)) — yoeLf + o= LY (2.14)
K B
. 1 (0ay — 1) b Oay 1 04y
Goads = ——1>bT—”—] 1-pyt—Zeapay ~Zovpa 2.15
= D -t - T2 2, )
Bl = p)L] = L{ = pLi, (2.16)
ELb =L} (2.17)

I solve for state-contingent paths for {fr}Lt, &y, 71, Ry, ETM , wa LY, L?} that satisfy the

16The derivation of the first order conditions of this problem is detailed in Appendix 2.Q.
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constraints and optimality conditions.

These conditions make it clear that debt maturity and disturbances to the government
affect inflation and the output gap, and that currency composition and openness play
an important role. The shadow price of the government budget identity, L?, follows a
martingale, according to (2.137), a property that reflects intertemporal smoothing in
fiscal financing. L? measures how binding the solvency constraint is on fiscal policy.
The term structure multiplier, L], measures the tightness of the solvency constraint
on monetary policy by linking L{ to a distributed lag of L? with weights that decay

with p, debt’s duration

Li=B8(1—p)> oLl (2.18)
k=0

Maturity structure matters through its implications for fiscal financing. How much
monetary policy is constrained by fiscal financing depends on the entire history of
shadow prices of the government budget, L? ., and the degree of history dependence
rises with the average maturity of government debt, p. Restricting attention to only
one-period bonds so that p = 0, makes L{ = BL!. This eliminates the history
dependence and monetary policy through the term structure of interest rates to render
monetary and fiscal policies equally constrained by fiscal solvency.!'” At the opposite
extreme, consols set p = 1, so L] = 0 and current monetary policy is not constrained,
regardless of how binding the government’s budget has been in the past. Note that
this conclusion is valid regardless the currency composition of sovereign bonds and

the degree of openness of the small open economy.

2.4.2 Stabilizing Optimal Policies

I examine some special cases that sharply characterize the optimal equilibrium and

17This is the exercise that finds that active monetary/passive fiscal policies yield highest welfare
(Schmitt-Grohé and Uribe 2007, and Kirsanova and Wren-Lewis 2012).
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the stabilization roles of fiscal and monetary policy.

Only One-Period Bonds

With only one-period bonds, long-term and short-term interest rates are proportional
and LY and L{ covary perfectly. Expressions for inflation, (2.14), and output gap,
(2.15), become

1-p

qﬂ'OLﬁ_H,t = = (WbT + ")/LC) (Lsf) - Lsg)_l) (219)

. 1 o (0ay—1) o
i =1l==1)b.1-8)—f— — 20 2| by Zapb 2.20
Graly {(w ) ( ﬁ) ﬁsc o ¢ T so t—1 ( )

Condition (2.19) implies that inflation is proportional to the forecast error in LY.
The degree of proportionality depends on the share of bonds denominated in local
currency. Because (2.17) requires there are no forecastable variations in L?, the

expectation of inflation is zero and the price level follows a martingale
Etﬁ-H,t =0 = EtpH,tJrl = pH,t (221)

Condition (2.20) makes the output gap a weighted average of L? and L? ,. Note
that the weights are affected by the degree of openness and the currency composition
of the sovereign debt, since both enter o,.. Taking expectations yields
1 04y (1 —p

-1
Eti't-i—l — i‘t = —)\—g WbT + ’YLC) ﬁH,t (222)

so the expected change in the output gap is proportional to current inflation, and
the degree of proportionality depends on the degree of openness and the currency
composition of the sovereign debt. The optimal degree of output gap smoothing
varies with A,, the relative weight on the output gap in the welfare loss function,

(ra/ra- Ao is affected by the degree of openness of economy: as shown in Figure
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2.J.1, the more open the economy is, the smaller the optimal degree of output gap
smoothing. Larger )\, delivers more output-gap smoothing. Flexible prices are a
special case with A\, = co. Under most calibrations, A, is quite small, to deliver little
smoothing of output gap. But the martingale property of L? implies smoothing of
expected future output gaps after a one-time jump. Taking expectations of (2.22)

yields

ii't 7é Etfi't+1 - Et:%t-f—Q = ... = Etit+k = ... (223)

Taken together, (2.21) and (2.23) state that with only one-period debt, optimal
policies smooth the price level and use fluctuations in the output gap to absorb
innovations in fiscal conditions. The reason is apparent: without long-term debt,
policy cannot smooth inflation across time, and surprise inflation -and the resulting
price dispersion- is far more costly than variations in the output gap; it is optimal
to minimize inflation variability and use output (and tax rates) as a shock absorber.
In the small open economy, fluctuations in the output gap are use to absorbe both

domestic and foreign shocks.

Only Consols

When the government issues only consols, fiscal stress that moves long rates does

not need to change short rates contemporaneously. Inflation and output gap are now

QWOAﬁ-H,t = _/ﬁ}_—wa(L? - L?—l) - ’YLC'L? (224)
ool = K% - 1) by — %} (1-p)Ly (2.25)

Note that the degree of proportionality of the output gap to L? depends on the

degree of openness of the economy and the currency composition, since both enter
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Oay. Condition (2.25) makes output gap proportional to L?, so the gap inherits the

martingale property of Lf
Etjft+1 == i‘t (226)
Taking expectations of (2.24) and combining with (2.26), yields

A . b, 1 Oay — 1] .
Etﬂ-H,t—l-l — Ty = )\a@ |:<E - 1) bq— - %] (fL’t - It_1> (227)

Condition (2.27) implies that the expected change in inflation is proportional to the
change in ;. The degree of inflation smoothing varies inversely with ¢, the coefficient
on the tax rate in the Phillips curve. It also varies with the degree of openness of the
economy, through A, and o,,, and the currency composition, through o,,.
Combining (2.26) and (2.27), we draw opposite conclusions from the case of
one-period debt. With consols, intertemporal smoothing of L? smooths the output
gap; fluctuations in inflation absorb disturbances to fiscal needs. Now the bond
price can absorb fiscal shocks: bad news about future surpluses can reduce the value
of outstanding debt, leaving the real discount factor unaffected. A constant real
discount factor smooths the output gap, which explains the absence of forecastable
variations in the output gap. Variations in the bond price correspond to adjustments
in expected inflation. The longer the duration of debt -higher p- the less is the
required change in bond prices and future inflation for a given change in the present
value of surpluses. Although with consols it is optimal to allow surprise inflation
to absorb shocks, the expectation of inflation is stabilized after a one-time jump:

THt # EtWH,tJrl = Et7TH,t+2 =..=ETgie= ...

General Case

I briefly consider intermediate values for the average duration of debt, 0 < p < 1.
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Rewrite (2.14) and (2.15) using the lag-operator, L/ = 24

ot = b1 = L) = 01 = L)1 = L) 2 (2.28)
. 1 (Oay — 1) Tory 1 3
feads = [(% _ 1) b — —C] (=)Lt - 2250 - ) (1 - B“") (1 pL)L!

(2.29)

The optimality condition for debt that requires L? to be a martingale may be written
as (1—B)F;_1L? = 0, where B is the backshift operator, defined as B/ F;&, = Ei&;. ;.
Taking expectations of (2.28) and (2.29) and applying the backshift operator, we

obtain general expressions for the k-step-ahead expectations of inflation and output

gap
A _ ka k b b
Eftg ok = p e +voop ox (L — Li_;) (2.30)
By = pfay + (1 — pMa, LY (2.31)
— 1= — =8 (b _
where o, = v, b, and o, = = (¢ bx>.

Equations (2.30) and (2.31) summarize the policy problem. The first term on the
right hand side comes from the welfare improvements that arise from smoothing. That
both terms involve p¥ means that longer maturity debt helps to smooth expectations
of both inflation and output. The second terms bring in the government solvency
dimension of optimal policy through the Lagrangian multipliers, and are therefore
affected by the currency composition of the sovereign bonds. They capture the
trade off between relying on variations in inflation to hedge against fiscal stress
and using variations in output to absorb shocks. Maturity has opposite effects on
the two variables. As maturity increases, changes in government solvency affect
future inflation more strongly, while the output gap becomes less responsive. As

maturity extends, it is optimal to trade off inflation for output stabilization. For any
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maturities short of perpetuities, 0 < p < 1, as the forecast horizon extends, k — oo,
expected inflation converges to zero whereas the expected output gap converges to
a,Lb. Inflation is anchored on zero, but the output gap’s “anchor” varies with the
state at t. Moreover, a higher share of bonds denominated in local currency enables

a higher reliance on inflation variations.

2.5 Concluding Remarks

This chapter examines the role of the currency composition and the maturity structure
of the sovereign debt on the optimal monetary and fiscal policy in a small open
economy. [ extend P. Benigno and Woodford (2004) to a small open economy
whose government can commit and finances its expenditure by collecting distortionary
taxes and issuing a portfolio of debt consisting of short-term and long-term bonds,
denominated in local currency, CPI inflation-indexed units and foreign currency. For
analytical purposes, I abstract from terms of trade externalities.!®

First, I obtain that the degree of openness affects the welfare loss function. The
higher the openness, the smaller the relative weight of the output gap relative to home
inflation. Moreover, the degree of openness changes the effects of the fundamental
shocks on the efficient output, and incorporates the response to exogenous shocks,
summarized by foreign consumption.

Second, the linear constraints faced by the small open economy verify some
discrepancies relative to the closed economy. The Phillips curve shows a relationship
between domestic inflation and output gap. The effect of domestic and foreign
exogenous disturbances on the composite cost-push shock depend on the degree
of openness. The functional form of the IS curve and the government solvency

condition critically depends on the currency composition of the government debt.

18See De Paoli (2009) and De Paoli and G. Benigno (2010) for an analysis about optimal monetary
and fiscal policy with terms of trade externalities.
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The output gap only responds to inflation if the government issues some fraction of
bonds denominated in local currency. The sensitivity of the output gap to inflation
and interest rates and the effects of domestic and foreign exogenous disturbances on
the composite demand-side shocks, depend on the degree of openness of the economy
and the currency composition of the government debt. Finally, the larger the share of
bonds denominated in local currency, the more can the government relay on inflation
as a source of fiscal financing. The more open the economy, the bigger the effect of
relative prices on the resources available to the government, since its primary surplus
is denominated in units of home goods. In an open economy, the real value of the
government debt changes with the real exchange rate. The effect of domestic and
foreign exogenous disturbances on the composite fiscal shock depend on the degree
of openness and the currency composition of government debt.
I leave for future research the quantitative exercises for particular emerging economies

and the study of policy rules that deliver similar results to the optimal obtained in

this analysis.
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Appendix

Appendix 2.A Household’s optimality conditions,

no-arbitrage condition, international
risk sharing and uncovered interest

parity

The optimality conditions for the household’s problem are:

Wy(h
Ny TR = e e (2.32)
B/“® {Ct_fl P, } LC,S
E = ’ 2.33
Pt J /6 t C;o‘ PtJrl t ( )
BtLC’M C.a B LC,M LC,M
E + 1 7 = : 2.34
j2) J B t{Ct_o P ( +th+1 ) t ( 3 )
b? C. %
L on{ e <o (239
t ¢
b Ca M M
EJ BE, o (1+pgts) ¢ =@ (2.36)
t
BFeS {thl P, 5t+1} FC,S
E — 5 = ’ 2.37
Pt J 5 t C;U Pt—|-1 gt t ( )
&BFOM Ch P & FC,M FC,M
_— E — (1 ’ = ’ 2.38
Pt J 6 t C;g- Pt+1 (C;t ( +p@t+l ) t ( )
D, {Ct_ 1 b }
—t\ BE = F 2.39
IDtJ /6 t Ct—a PtJrl t {Qt,t'i‘l} ( )
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(2.32) corresponds to the standard intratemporal optimality condition. Rearranging
terms in (2.33), (2.35), and (2.37), we obtain conventional stochastic Euler equations

for the one-period domestic bonds:

cq P
RE; § 22 t}:1
Pl { Cy 7 P
ce
E t+1 _ 1
o t{C;"}
Ch B &
BHE{?ﬁ = =1
LG P &
For later use, define
- 1 1 1
R = yio— + vopi— + Yre— 2.40
t ize; R, Ycprr Y Yrc R ( )
with
BLCM
VLO = BLOM 1 ppM 1 £ BFOM
bM
VOPL = "BLEN | pyM t £ GFCM
SRBFCM

VFC = BLOM | ppM £ GFOM

Then, we can combine the Euler equation for each type of bond in the following way:

N o P P
RyE; § 21 : L) =1 2.41
BRE, { Co (%cPtH +yopr + e e (2.41)

No-arbitrage condition between one-period and long-term bonds. Combining

(2.33) and (2.34), (2.35) and (2.36), and (2.37) and (2.38) yields the no-arbitrage
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conditions between one-period and long-term bonds

PN = BQES (14 pQL5)
in = thz:,g (1 + 09%1) (2.42)

O = BQES (14 0l

International risk sharing. Under the assumption of complete international
financial markets, a first order condition analogous to (2.39) must hold for the representative

household in the rest of the world:

BEt{(C;H)_U pPr &

(CH— Py, gm} = Ei{Quen} (2.43)

Combining equations (2.39) and (2.43), together with the definition of the real exchange

rate, it follows that

Cr=0"C;Qy (2.44)

for all ¢, and where o is a constant which will generally depend on initial conditions
regarding relative net asset positions. Henceforth, and without loss of generality, I
assume symmetric initial conditions (i.e. zero net foreign asset holdings and ex ante
identical environment), in which case p = p* =1 for all i. As shown in Appendix 2.F,
in the symmetric perfect foresight steady state we also have that C' = C* and Q = 1.

Uncovered interest parity. Under the assumption of complete international
financial markets, the equilibrium price (in terms of domestic currency) of a riskless
bond denominated in foreign currency is given by &(R;)™ = FE{Q:+1E1}. The
previous pricing equation can be combined with the domestic bond pricing equation,

R;' = E{Qu411)} to obtain a version of the uncovered interest parity condition:

Ao - (%))}
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Appendix 2.B Characterization of the price setting

of the firms

Firms are assumed to set prices as in Calvo (1983). Hence, a measure 1—6 of randomly
selected firms sets new prices each period, with an individual firm’s probability of
re-optimizing in any given period being independent of the time elapsed since it last
reset its price. Let }U’Hyt(h) denote the price set by a firm h adjusting its price in period
t. Under the Calvo price-setting structure, Py ir(h) = ZBH,t(h) with probability 6%
for k=0,1,2,....

Given the Calvo-type setup, the price index evolves according to the following law
of motion

Pif=(1- 0) Pry(h)'¢ + 0Py (2.45)

Firms that can reset their price choose IBH,t(h) to maximize the expected sum of

discounted future profits by solving:
MaXpH’t(h) E, Z 9th,t+1 [(1 - Tt+k)]5H,t(h)Yt+k|t(h) - qjt—i—k(Yt—i-kﬁ(h))]
k=0

subject to the demand schedule:

Y;t+lc\t<h) = <M>_ Y%+k

where Q¢ 4+1 is the stochastic discount factor for the price at ¢ of one unit of composite
consumption goods at t +k, defined by Q; 11, = B5(Cii1/Cy) " (P;/ Piiy.) (see (2.50)).
Sales revenues are taxed at rate 7, W, is the cost function, and Y; 4, (h) is the output

in period t + k for a firm that last reset its price in period t.
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Note that
PaW\ ™ (Yuu\* , (Paa®)) Vi
Uy i (YVewe(h)) = CF : <) b ’
1k ( t—l—klt( ) t+k <PH,t+k Ak bk Py vk Atk

where the industry wage is obtained from the labor supply equation (2.32), under the
assumption that each of the firms in industry & (other than the firm in consideration)
charges the common price Py (h). Because all firms in a given industry are assumed
to adjust their prices at the same time, in equilibrium the prices of firms in a given
industry are always identical. We must nonetheless define the profit function for the
case in which the firm in consideration deviates from the industry price, in order to
determine whether the industry price is optimal for each individual firm.

The first-order condition for this maximization problem implies that the newly

chosen price in period t, pHyt(h), satisfies

v 1+e€ [e'e) Y't 80+1 P B 5(1+30)
(PH’t(h)> o BN ()" (G
i e L > t —c . e—1
B0 — e O ()T o)
e K
€ — 1 Jt

where K; and J; are aggregate variables that satisfy the recursive relations

}/1;/ e+1 .
Ky =p” (I) + BOE Kyt (2.47)
¢
Ji = (1= 1)pmiC; 7Yy + BOE Joamip )y (2.48)
and 7wy = Pf;{i:'

Substituting equation (2.46) into the law of motion for the price index (2.45) yields
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a short-run aggregate-supply relation between inflation and output of the form

1 11+eap
1 —0my, - e K
b = — 2.4
( 1-0 > c—1J, (2.49)

Same logic applies to the rest of the world.

Appendix 2.C Derivation of long-term debt price
and intertemporal equilibrium condition
of the government

Using (2.39), define

Cir b

_ pk

(2.50)

as the stochastic discount factor for the price at t of one unit of composite consumption

goods at t + k. Now combine (2.33) and (2.39) to obtain
{JC’S = EQt 11
Then (2.34) in Appendix 2.A can be written as

tLaM = EQt 41 (1 + PQtLﬁM> (2.51)
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Iterating (2.51) forward and imposing a terminal condition yields

oM — g, {Qt,t+1 + PQt,t+1QtL+CfM}
=F, {Qt,tJrl + th,t+1Et+1QtLg,]7\t/-[-2 + p* Qi1 Eri1 {Qura42Er0Quioiia} + }

= tLC’S + pEy {Qt,tﬂQthfs} +p"E; {Qt’HlEtH {QHl’HfogS}} i

= fc,s + pEy {Qt,tﬂ@fffs} + p°E, {Qt,t+2@f+cz’s} + ...+ p"E, {Qt,t+thL+C;;S} + ..

o
k LC.S
= Ey Z P QuirkQyisr

k=0

(2.52)

Equation (2.52) implies that the long-term debt’s price is determined by the weighted
average of expectations of future short-term debt’s prices.

Substitute (2.50) into (2.52)

Uciva B bt il

U, P,
LC,M ct+1 I 9
=k +
' ' {ﬁ & Uct Piio

Ucirr P n }
Uct P

Uct Pk

1 wUcir P
— E k—1 pk )
t;p " Ter P

=L, Z P Quirk
=1

(2.53)

Condition (2.53) implies that the long-term debt price is determined by the whole
path of expected future price level, discounted by consumption growth rate. The
long-term debt price is negatively correlated with expected future inflation rate and

consumption growth rate.
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We can now rewrite (2.51) as

tLC’M = EQt 141 (1 + thLflM>
= EiQui1Ey (1 + prfl’M> + pCov (th, folrM) (2.54)

=L tLC’S (1 + PQtLﬁM> + pCov (Qt,t+1> QthlM>

Using (2.53)

QM = B Z Qus1,t4+14k (2.55)

k=1
thl’M is determined by weighted average of expected future discounted value of
future stochastic discount factors. Therefore, without loss of generality, we assume

Cov (Qt7t+1, Qfﬁ’M) =0, and (2.54) can be expressed as

LC,M LC,S LC,M
t = E,Q; (1 + PQt+1 >

LC,S LC,S ALC,M
:Et{ t + pQy t+1 }

(2.56)
LC,S LC,S ALC,M LC,S ~LC,M
= Et{ t + pQy t+1 +p2Qt Qt+2 }
k LC,S ALC,S LC,S
= Etzp Q; t+1 -'-QH;C
k=0

Same logic applies to inflation-indexed bonds and bonds denominated in foreign
currency.

To simplify notation define the composite long-term government portfolio as:

BM = BI'“M 4 E,P 0™ + E& 1B

The price of the long-term composite portfolio is then

M
- q E
Qé\/l = ’YLC,tQéVLLC +vepribBy { : } + vre By {—t }
Tt+1 5t+1
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with

Then,

(1+pQM) = yrow (1 + PQtLC’M> +9cpr (L4 pal") +vres <1 +pQL < M>

To derive the intertemporal equilibrium condition of the government, we iterate its
period budget constraint, (2.6), and impose asset-pricing relations and the household’s

transversality condition (assuming that it holds for each type of bond):

BM M
(1 + PQt ) = Qt "‘thSt

=E, { Q,{”QM By + Qg
(1+pQM)) Pt (14 pQM,)

DH.t+15t+1 + pH,tSt}

= FEy {pH ¢St + Q—tMPH,t+1St+1
(1+pQp1)
QMQM,
(14 pQ1) (L + pQP2)

PH.1+251+2 + } (2.57)

Substituting (2.50) and (2.51), and their analogs for inflation-indexed and foreign

currency bonds, into (2.57) yields

(14 PE ZﬁkUC”’“pH K Stk
t t 7 DPHt+kPt+
P e Tl
- Et Z Rt’t+kst+k (258)
k=0
where Ryipn = kUc itk “DHt+k is the k-period real discount factor. Notice that,

because pp 1, appears in the real discount factor, changes in relative prices affect

the present value of primary surpluses.
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The left-hand side of (2.58) highlights a key role of long-term debt. With only
one-period debt, p = 0, the nominal value of outstanding government debt, Bi‘f 1y
is predetermined, so the only way for the monetary policy to absorb an unexpected
change to the present value of primary surpluses is by surprise inflation or deflation
at time ¢. This can only be done as long as the government issues some fraction of
local currency bonds (yrc: # 0). Long-term debt, p > 0, implies that the nominal
value of government debt, (1 + ;)Q{V[ )Btj‘f 1, 1s no longer predetermined. Asset-pricing
conditions (2.33) and (2.34), and their ananlogous for inflation-indexed and foreign
currency bonds, imply the bond price, Qi” , depends on expected future short-term

bond prices (interest rates)
QY =By r*QiQ%,-QF (2.59)
k=0

and solvency condition (2.58) may be written as

oo B M 00
k+1 S AHS S -1 _
1+ E; E PRy Q- Qg P E; E R truStrk
k=0 t k=0
v 4 ~~ -
current and future small open economy current and future small open economy fiscal policy

and rest of the world monetary policy

(2.60)
Now an unexpected change to the present value of primary surpluses can be absorbed
through the monetary policy by adjustments in current and future interest rates,
reducing the reliance on current inflation. Note that in presence of bonds denominated
in foreign currency (ypc: # 0), current and futures changes in the monetary policy
of the rest of the world affect the nominal value of government debt (since Q7 is a
wighted average of R;', R;* and (R})™!).
Equilibrium condition (2.60) reflects a fundamental symmetry between monetary
and fiscal policies. The price level today must be consistent with future monetary and

fiscal policies, whether those policies are set optimally or not. Debt maturity matters:
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so long as the average maturity exceed one period, p > 0, expected future monetary
policy —choices of short-term nominal interest rates, Ry (with v.op # 0), choices
of short-term real interest rates (with ycpry # 0), and expected future monetary
policy in the rest of the world-choices of short-term nominal interest rates, R; ,
(with ypcr # 0)-, play a role in determining the current price level through the
government’s solvency condition.

Regarding the rest of the world, I assume the government issues bonds only in

foreign currency, and the average maturity of its portfolio is indexed by p*:

*M 't H ox * kM t—1
ST = (1
3 Pt* + Pt* t ( +p Qt ) Pt*

Appendix 2.D Derivation of the equilibrium

Goods market clearing in the small open economy requires
Yi(h) = Cra(h) + Cpp(h) + Gi(h)
%(h))‘e Pry(h)\ (Pmm))—f
= ———= Cuy + : Cy,+ : G
< Py, T\ P T\ Pay t
F00) ", (P (T00) L) () (Pt
=5 =) G+ o IR G
( P P, ! Py, n P ! P '
P (h)\~° P - (1 — 1\
_ <L()) (ﬂ) 9o, + UA=n) (_) c:l 1 a,
Py P

n Q
where h represents a generic good produced in the home economy.

(2.61)
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Goods market clearing in the rest of the world requires

_ (pF,xf) s (p;,&f))‘e o <PF,t<f>>‘5 o
ot Pﬁt ot Pr, !

|
() ) o () o ()

|
() () e n(8) o] o

(2.62)
where f represents a generic good produced in the foreign economy.

[ assume that the public sector in the home (foreign) economy only consumes
home (foreign) goods and has preferences for differentiated goods analogous to the
ones of the private sector (given by equations (2.2) and its analog in the rest of the
world).

To characterize the small open economy we use the definition of ¥ and v* and

take the limit for n —0

liml—9=Ilim(l —n)a =«
n—0 n—0

limd =1liml—(1-n)a=1-«

n—0 n—0

Ilml -9 =liml—an=1
n—0 n—0
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so that
i (5 () - (&)

- (4) (5 @) e
Pr(f)

Pry

+G} (2.63)

Equations (2.63) and (2.64) show that changes in the rest of the world’s consumption,
C}, affect the small open economy, but the opposite is not true. Moreover, movements
in the real exchange rate, Q;, do not affect the total demand for goods produced in

the rest of the world.

€
e—1

Plugging (2.63) into the definition of aggregate domestic output Y; = [ fol Y;(h)%dh]

we obtain
Y, = B“_na— )Cy + ! ﬁC*+G (2.65)
TR Tt e T |
Similarly for the rest of the world:
Y, " =C; +G; (2.66)

We can derive a first order log-linear approximation to (2.65) and (2.66) around

the symmetric steady state:

A

Q

l—«

z = Scét + Sgét + %SC (267)

= Scét + Sgét + %Scﬁ (268)

with s¢ = C/Y, s¢ = G/Y, w = on+ (1 — a)(on — 1). Notice that on = 1 implies

w = 1.
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In the rest of the world Yt* = SE«CA? + S*Gé: , then using the risk sharing condition

~ SC
Yi=—

~ A ~ 1 -
C (Vi = s6G7) +56Gi+ —T;
SC UOé

where o, = ( > 0. Notice that when on =1, 0, = 0.

g
1—a)+aw

Market clearing in labor market requires

1
0
1 Y;(

h)
= dh
o A

_ ﬁ/l (—PHvt(h)yedh
A Jo Py
}/; 1

LN
A,

1 Pro(h)) (%) L .
where A; = fo B dh denotes the measure of price dispersion across firms

and satisfies the recursive relation

1— 97?2,:1

A, = (1-6) [ﬁ FOTTIA,

Price dispersion is the source of welfare losses from inflation variability.

Appendix 2.E Optimal policy setup

The optimal Ramsey problem chooses optimal paths {Y;, mr ¢, 74, be, Ay, Jy, Ky, QM Ry}

to maximize the welfare of households given by

Max Ejy Z ﬁtU(ff;, Ay &)

t=0
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subject to
9 1 11+£<p
1 —0my, - e K
T HE — _ 2.
()" - 5k @
_ W Yrﬁ o e(1+¢)
Kt = Uy I + ﬁ@Eth+17TH7t+1 (270)
t
Jy= (1 —7)Cy Y + BOE Jyamiy )y (2.71)
1\
1—0rS o
A, = (1-6) (T?) OO A (2.72)
1= (1)l +aQl" (2.73)
(CF)7 =Cr7Q (2.74)
" AM Btj\fl ~MBtM
(14 pQ; )P— =% 5 +pu (Y, — Zy — Gy) (2.75)
t—1 t
C. 5 P
E t+1 t } _ LC,S 276
ﬁ t C«t—a PtJrl t ( )

c.a P
t+1 1 <1+thL+Cl,M>}: th,M (2.77)

Cun } =q (2.78)
(

Cy? P &
Ch P &
Cy 7 Py &

C;l-al IDt E} _ Qf‘C,S (280)

149 fﬁ’M)}: oM (2.81)

= — (2.82)

{
{
{
BE; {gji L+ pCJﬁl)} =q" (2.79)
{
{
{
{

L) b= o (2:83)

where (2.69), (2.70) and (2.71) define the short-run aggregate-supply, (2.72) represents
to the law of motion of the price dispersion, (2.73) gives the relationship between
relative prices, (2.74) represents the risk sharing condition, (2.75) corresponds to the

government budget constraint (making use of definitions introduced in Appendix
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2.C), (2.76)-(2.80) are the Euler equations for short-term bonds denominated in
local currency, inflation-indexed units and foreign currency, respectively, (2.77)-(2.81)
are the Euler equation for long-term domestic bonds denominated in local currency,
inflation-indexed units and foreign currency, respectively, (2.83) is the Euler equation
for short-term international bonds and (2.83) is the Euler equation for long-term
international bonds.

Household’s transversality condition:

D, .
lim E, [Qmw e ]] =0 (2.84)

If we rule out the case in which assets and liabilities shoot out to +/- infinity, in which
case one country will be indefinitely borrowing and the other one will be indefinitely

saving, we obtain the usual limiting condition over the government bonds:

BLC.M iy gFc.M RBLC.S Eiv BFC.S
lim LCM bty (M M | AFOMZHIZi4) | ALCSTtdj | oS 3 4 FC.STHT iy —0
J—roo {Qtﬂ Py Qi QHJ Piyj Qtﬂ Py G0t Qtﬂ Py
(2.85)

Appendix 2.F The symmetric deterministic steady
state

Here I define a steady state with zero net domestic inflation, 75 = 1. I normalize

Py = Pp, and use the equilibrium conditions to obtain:

”U\|hU‘
I
—_

Price index: P = [0(Py)'™"+ (1 — 7L9)(]5F)1"7}ﬁ = Py, and py =
g =m=1.

For the rest of the world: P* = Pj.
1-n - -
> + onl”} =1—a+ad'"" witha >0

“U\|m :

Relative prices: 1 = {(1 —a) (

(open economy), Q = 1.

In the rest of the world, Q = 1, then P = P*£.
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Risk sharing condition, assuming symmetry: C—7 = C* 7 Q, with @ = 1, C = C*.
Aggregate demand (2.61):

()

=(1-a)C+aC*+G

(1-a)C +a (é) e

=C+G

Short-run aggregate-supply (2.47-2.49):

14ep _ _
1—0rt\ e K e-1 K
( 10 ) c—17 ¢ T (2.86)
] T A aN
K=p"(= oK) = K = — 2.
_ o _ _ 1 o
J=(1-7)CY +p0Jr;t = J = T 50(1 —7)C7Y (2.88)
Then,
— —\ p+1 _W >\ ¢
H (%) _6—1:> € MT(%) _
(1-7)C—°Y ¢ (e—1(1-7) C—

And using the aggregate demand equation (C' =Y — G):

S (5) =a-ne-a

Similarly for the rest of the world, using the aggregate demand equation (2.62):
Vo= (%) 'O+ G =0 G

Law of motion of the price dispersion across firms:

_ p=e—1 B B B B
A:(L—@[LT%%L]+%§”WA = A=(1-0+0A = A=1

Steady state price of short-term debt: QLS = ¢° = QF¢S = 3.
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The steady-state price of long-term debt is given by:

QLOM — gM — QFCM _ s
1—05p
which is increasing in average maturity, p. The intuition is straightforward: long-term
debt yields more coupon payments, therefore demands a higher price.
The steady state government budget constraint implies

QM (B)+pH(TY Z-G) = (1+p:QM) (%) = éM (%) = b (7Y -Z-G) = ﬂ

(2.89

To sum up, in the symmetric deterministic steady state with zero net domestic

inflation: ﬁH:Lﬁ':LpH:LQ:1,A:17020*7YZ

C+G, Y*=C"+G"

And assume 7 = 1.

Appendix 2.G A second-order approximation to
utility

The life-time utility of the households in the small open economy is defined by

[eS) Cl o 1 Nt(h>1+<p
Us=EyS BUC, Ny, = E S B < —dh) 2.90
0 0 ; (Ct, Njt) 0 Z 1 — 5 1t (2.90)

First we note that
1 }/; 1
| wiman = Sar
0 Ay

e(1+¢)
where A; = fo (PH; h)) dh denotes the measure of price dispersion across firms
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and satisfies the recursive relation

1-— 07?2,:1

At:(l—g)[ 1_0 ]+9 H_LpAtl

Second, combining the aggregate demand, the price index and the risk sharing condition

we obtain:
l—a (%>0(1—n) e c o
YZZ : (1—0()Ct+05 = Ct* +Gt:>0t:f(}/;,C;7Gt)
1—a« C}
(2.91)
Then,
= E, Zﬁ (Y2 Gi, CF) — v(Yy; A) A (2.92)

We use a second-order Taylor expansion for a variable X;:

X Xy N 1 4
Yt:ex :1+Xt+§Xf

and
~ _ _ N 1~
Xt:Xt—X:X(XtJrEXf)

The first term in (2.92) can be approximated using a second-order Taylor expansion



o1

around the steady state defined in the previous section as

u(Yy; Gy, CF) = 1+ Uy Y, + ugGy + c-Cf + ;Uyyy + ;uGGG + ;ucc((j*)f + Gy Y,Gy
+ Gy e Y;C%y + Tgo-GiCy + O(||€]1%)
= U+ UyY (Yt + %Yf) + %uw}_ﬂfff + Uy Y GY,Gy + iy Y CY,Cf + t.ip.
O(l€l1*)

[ 1 Y
:a+aYY[Yt+§(1+ et

Uy

I O . dC' dY dC o2

_u+uyY{Y2+§{1+[_g_y(dy>80(@>} (W”Y;
(OR-Te = db ay c

|5 ea (@)oo ()] () e

)} { (Zg)} YiCy }+t.i.p.+(9(||§”3)

(2.93)

N U NI Uy C* = A
>Y£+ YEaV,G, + —< CY;O;‘} +tip.
Uy Uy

|
)
|
N
Q| Q.
=5
N————
Q)
>
Q
VR
Q| X
&=
|

where (%) =1—« [1 —on (1 + ﬁ)] > 1 with 0 < a < 1, and “t.i.p.” represents

the terms that are independent of policy.
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The second term in (2.92) can be approximated by:

_ . . _ 1 . 1 . . .
v(Yy; A)) Ay = DA + 0y AY; + 04 AA; + 0A; + §EYYAY3 + §@AAAA§ + Oy AAY A + 0y AV, A,

@AAAtAt + O(HSHB)

+

AN 1.~ o 1 N AN NN N

+ t.i.p. + O(J|¢]°)

N 1.~
}/:f+§ t2+

>~<

A, 10yyYY2 Oy AV, A, . . 04AAA
t+_YY t—i—YA_tt%—Y;At—i—A 110

— 04D =
Y oyY 2 Vy Vy vyY

+ t.i.p. + O(|€]]®)

~

N N A Aa N I
Y;‘,—l-ﬁ(l—l—(p)yf—i-ﬁ—(<,0+1)Y;At+Y2At—AtAt

—_

=0+ 0yY + t.1.p.

+O(lIEl)

From Benigno and Woodford (2004) we know that a second order approximation

to the law of motion of price dispersion yields

R N Oe iy .
Ar=0A+ 5 (1+9)(1+ ew)% +tip. + O([¢] ) (2.94)

which implies that A, = O(n};,). This in turn allows us to approximate v(Yz; A;) A

as

~

1 . A, .
Y, +=(1 Y? — 1)Y;A
t+2( +30)t+1_'_(p (e + 1Y, A,

v(Yy; A)A =0+ 0yY + tip. + O([¢]°)

Note that in steady state:

vy = (1 — ®)ue

by = (1—®) (%> iy = (1— ) {aon—F(l—Cll)iZaan(l—a)}uy
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where

() ()

—U,/U. = (1—®)M PN, so ®, which measures the inefficiency of steady-state output
Y, depends on the steady state tax rate, 7, and the elasticity of substitution between
differentiated goods, e.

Then, we can rewrite

A~

1 . A, -
Y, + =(1 Y2 — 1)Y;A
t+2(+¢)t+1+¢ (p+ 1Y A

Y _

+ t.i.p. + O(|€]]®)
(2.95)

Combining (2.93) and (2.95) we approximate the life-time utility (2.92) as

_ (%)Qac (%) - (1T<,p>(1 —_cI)) <%) 2
s o) ()] ()

+
()0 ()4

+ t.i.p. + O(|[€]1?)

From Benigno and Woodford (2004) we observe

= LA fe . ¢ tﬁ%{,t
EogﬁAt_(1—6’)(1—58)<1+(p)(1+6¢);66T

Therefore, the second-order approximation to the life-time utility can be further



o4

expressed as

] % S Y 1 ¥ Aﬂ' a ~ A A ~ ~
Uy — Uy =uyY Ep Z Ik {AyaYi + §AYYaYtQ _ 2H 71-1%” + (AGaGt + AcCf + AAaAt> Y;}

t=0

+tip.+ O([€]°)

where

w0 () () o) e )
—l-‘b{l—a[l—an(l%—ﬁ)]}
et 2(2) () () n (2

=17 (i) —i(%f{“ﬁz (12 +amo—a)—a-o0+a ()
_ |

Arga =1 =) 6—0<91)(J; 6—8036’9) @_C)
- (

7 % 2
Aga = as—G<dC) + (ﬂ) Gac

Sc

o2 (50) [+ 5 ()] S0 (55
do=[o- () o (BN ()]

[ (=) (B - ()]

{5 ()] - e -0 (5) - (55)]

Ano= -0+ 0 ()

dC



Note that when on = 1:

5}

Aya:q)—a:Ay—CY
11—« l—«
s (s Awv-a(i-g)
Ayyo=1— — — =
sc 1l—a l—«
A 1-d B(l+ep) A,
HET 1 —a(1-0)(1-60) 1-a
AGa:@:AG
Sc
«Q
Ars = —
© Ol—a
L _1-®)+e) A
Aa — -
11—« 11—«

And when a = 0, we recover the results obtained by Leeper and Zhou (2021) for a

closed economy.

Appendix 2.H

Second-order approximation to the

intertemporal government solvency

condition

Recall the government budget constraint

LC,M FC,M LC,S FC.,S
Lom By remEBy Le,s By rc,s&B;
QreMZt et gMbM 4 QF ML };t +Q; —tpt + PP + QIO Jt% + S
BLOM g, BFOM LS £, BFCS
= (1+ Q") =5 — + b + QI T+ SR b+ T (2.96)
P P, = =
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and the no-arbitrage conditions

c2 P
LCM_ﬁEt t+1 Lt <1+thL+Cl,M>

C” Pt
Ct_fl
=PE 5 L (1+ pgty) (2.97)
FCM 11 Py 5t+1 FC,M
- 6 t 1 t+1
Cr° P &
Define
BLOM & . pFoeM
P,y Py
(2.98)

By applying (2.97) and (2.98), (2.96) can be rewritten as
W, = C thSt 5EtWt+1 (2-99)

and

Wt = Et Z CtlalpH,tJrkSH»k (2100)
k=0
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A second-order approximation to C; “pg+S; yields

ms-o7socs{[-2r () () (2) (0
[ex-o() 5 )] §)e [+ (E) < (2]
+% 74 %%2> = j—i /

A ) 2o (5) 0 (2) (5) 2
(3 () (e () (32) ) )
o[- () + oo () 20 () (56) + o
o1 (9) () - (52 (5) Lo (3) e
(%) 5] () o
e[t (i) -ovee (i) (i) -7 () - (38) (
e (i) e (B2 () (&
5 (i) (i)~ 50 () (o)) () v
et ) 2 (2] ()
e () [ - oIS
+ :—a (;OO) +C (ggi)} T;/TtC }—f—sotlp +o(¢l1®)
Here “s.0.t.i.p." refers to second-order (or higher) terms independent of policy; the

first-order terms have been kept as these will matter for the log-linear aggregate-supply

relation that appears as a constraint in our policy problem.

G

t
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Therefore,

Wy — W > . X P | . 1. .
— = (1-B)Ey Zﬁt ByY; + B:7; + By 7Yy + —Byth2 + —BTTTt2 + BaG,
W — 2 2

+Bc- é: + BZZt + BGYét{/t + BC*YCY:Yt + BZYZAQA/; + BGTCA?ﬁt + BC*TCAY:?O

+ t.i.p. + O(|[¢]®)

(2.101)
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B — 1 @ i_i_i
Yo 1 o \ady Sc S

Note that this term does not depend on 7 or a.

7Y 1 dC\ o
o =5 -5 ()]

B ﬂ71_201 dC\] o 1 [dC
YYe— g sc1l—a \dY scl—a \dY
o 1 dc\’ ano dC o o on dc\’
— — 1 — — |1 1 —
e ) e @) g e o)l ()
L a? (o — 1) dc\’
2 (1—a)2’ N7 dy
1 dC Sag SG
Bga = — |Jo— - —
“ 1—a(dY)UsC 5D
1 [dC
B = —0 |1 — gl
o= 1—a(dY)]
BZOc:_z_[Z)
Boyn — _gfc fot1 1 (dON' 1 _ago (dCN'T 1 (dC
Yo Usc sc 1—a \dY so (1 —a)2\dY T—a\dy
7Y 1 dC 1 1 i on o? dc\’
—— - |- — |+ —(on—1)——| =
S 1—a\dY spl—a \dY sc (1 —a)?2\dY

o[ e () 222 () - ()]
o 1 1 dcC
e | s ()

2 b S E)

scl—«
Bzya = 1 i o (dC) i—zé
1 2%
Pore =124 ( ) ngS
1 Y
Bewr == 1= 1—a<d_Y)]?
and sg = g is the steady state government expenditure to GDP ratio, sz = % is the



steady state government transfer payment to GDP ratio, sp =
surplus to GDP ratio.

Note that when on =1 (j;g =1- a):

"<‘|(/J\

60

is the steady state

o 7Y 7Y
Ba:B e 3 BTa_BTTa B’T:BTT:T
Y Y Sc S S
7Y o o o? o Sa Sa
Byya=Byy=—7%(1-2—|—-—+—5+ 5, Bea=Bg=0———
S Sc sc  S¢ SH sc  Sp
sa [c+1 7Y 1 a o?
BGYa—BGY:_O_G|: —T——}, Bewy = —
sc | sc S Sp 1—asc
7Y
BGT& - BGT - US_GTT, BC*T =0
Sc S
7Y
BTYa BTY = TT (1 - i) s BC* =0
S Sc
Sz 1
Bzyoa = Bzy = 0——
Sc Sp

dy

And when a =0 (E = 1), we recover the results obtained by Leeper and Zhou

(2021) for a closed economy.

Appendix 2.1 Second-order approximation to the

aggregate supply

The aggregate supply relation is defined by the equations
1+ep

1—e €
Jt( ) T e—1

K w Y;f o e(1+¢)
t = A, + BOE K17 40

1—97@}1
1-4¢

Ky

Jo = (1= 1)pusCy 7Y + BOE Ty )y

(2.102)

(2.103)

(2.104)
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A second-order approximation to (2.102) can be written as

€ & _5_59 . 1[0 »
6_1Kt—<]—J1_9(1+€S0){7TH¢+§|:1_96(g0+1)+(e—2)}7rﬂ.’t}
4 s
+ 5L+ ep) i+ O(EIP) (2.105)

A second-order approximation to (2.103) can be written as

N . - i 1 ~ -
Ky = BOE K11 + BOe(1 + ) K {Etﬂ'H,t-i-l + 5[6(1 + ) — l]EtW%LtH} + BOe(1 + ©) By Ky 1 T a4

ey et oower ] o
+ AV (L4 @YY = 1V (L4 @) VYA + (L VMY + i o(1+ o)V oY
— i1+ @)V A+ VY 4 tip. 4+ O(IE]P)

(2.106)
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A second-order approximation to (2.104) can be written as

- ~ - 5 1 - .
Ji = BeEtJt—i-l + 69(6 — 1)J |:Et7TH,t+1 =+ 5(6 — Q)Etﬂ'%[ t+1:| + 69(6 — 1)EtJt+17TH,t+l
_ 4 (dC Ao [ ODH ¢ dC
+(1 7')[ oC (dY) +C7%Y C>< >+C’ }

onfoe (E)r-er (%) (S

_|_
ap—Hvt df ~N—o ~N—o—1 E - ap_H,t dC ~—o—1v,
2<8C>(dy)c 20C (dy) 2”(50)( >c vt
Opm 4 dC d - aQZ;H,t dc\> - o1 d
(30 >8C(dy) (dY)C Y—l—( 502 ¥G C°Y —oC oC FiG
2
) i@ o (O (N Ao
2 | o— bl o _
f oC <dY)Y—|—C' (86’)( )—i—C’ } tTt
o (s (dON] A [ e (dC oo (O] e
e Y(ac (dGﬂGm [UC (dC*) o y(wﬂ .,
_ 0?pr dc dO\ A oo Opm dC dO\ A oo
O ¢ dC\ (dC\ 5, 1o Ao 27 @ @ o—1 dc @ Y
20( v )(dy) (dG)c ¥t oo+ 102y (B0) (90) —gomomoe (90 (99 v
[/ pus\ (dACN A oo [ Opm L (dCN Ao Opr s db o (dO o
(1—7)[ 8080*) <dY>C Y+<8C’ oC PG C7%Y —o e — | C a0 Y-
o\ ~—o_1 [dC oo [ dC E B o1 [dC
a(aC*)C (dY>Y+U(U+ New <d0*>( ) 000 (9) v+

(s} e — o0t (5 )] Wit + i+ 0(UEIP)

dC+
(2.107)
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Therefore, —(2.106)-(2.107) can be expressed as

— J = BOE, (ilf{tﬂ - jt+1)
+ 6_;1506(1 + oK {EtfrH,t-H + %[5(1 +¢) — 1]Et7~r%1’t+1} B 17 [Etirt+1 i %(E B 2)Etﬁ?{‘t+l
+ 5_;1696(1 + Q) B K171 — BO(e = D ErJes1 T i
+ e_% [ W ¥~ AV (14 @) VR + (L VR T iV (1 )P

( )yv+1At + y<P+1 W

o
{“-T o (&) (5

)Y coy L
+(1—7) {(azféfg’f) (Z_ ) (%) C7Y + (ag_’é’t> ac (%) (Zg) ooy
(25 (5) ()5 ot () () et (1) ()5
() () oo ()]s
- (32 () (o ()=o) (£) o ()
o (a;’_gj) cot (Zi) Y +o(c+1)C772 (:g) (Zg) Y —oC-7 toC* (ZS) Y

WHA Ao o1 ( dC )] } , 5
: - )7 t.i.p.
+(60* )C oC o= ) | VGl p +tip + O(l)

(2.108)

Then we plug (2.105) into (2.108) and obtain

0

- 0 . 1 . 0 =
Jm(l + €p) {WH,t t3 [1 _9€(<P+ 1)+ (62)] W?J,t} + m(l + o) i H
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-0 . 1 0 N o =
= 5‘9Jm(1 + €p) {EtWH,tJrl T3 [1_95(90 +1)+ (e— 2)] Etﬂ—%[,ﬂrl} + ﬁem(l + ep)ErJin1Th 41
€ - - 1 - - - 1 -
# 00+ R { Biktuas + L+ 9) = B |~ 906~ 0T |Befms + (e~ DBk

. _ 0 ) .
+B0(1 + p)e |:EtJt+17TH,t+1 + Jm(l + 6%0)Et77%r,t+1] — BO(e — 1) ExJep1Tm 141

- yey 1
T [ VAV = g (1 @YV A+ (L+ @)YV P Vi + o (14 )V

l\.’)

T A

_ dc N
= _ —o—1 ) —_
+(1 7'){ oC <dG 50 7 }Gt
= ~—o—1 d7 \/ N—0) ap;f,t Sk LAV~
+(1-7)|-0C FTeL Y+C7Y 20~ L —CTY T,
Lo (0 (dON Ay o e (O (Opme) (dON? L, s
=) [2< aC ) (dY)C 200 (dY 2"( aC ) (dY)
Opm ¢ dc\ (dCN A, Ppis\ (dC\° L, N dC\ [dC\
+<ao>ac<czy> dY> +(ac*?)(if)o Yoo 00 oy ) \av ) ¥
2

y agg’ﬂ jgﬂéﬁt—{—acvl (jg>y+cvy (%péfj)] v,

) (1) v+ () oo (2) (1) oo

% (3 ) jﬁ/) gg>0"1¥+o(a+1)o (j§> @g) alac(jg) <dG>Y
(8“”>< 5)e - (i) e

) ()e s (R ($)e (B () ()
(‘ngj) ( >Y+J(0+1)C 7 2(;20*) (Zg) —oCo19C (Z§>Y

apH;t N—0 __ ~N—o—1 ac * : 3
+<30* )c oC (dC )]th }+t.1.p.+(9(||§| )

Q'

/—\Q

(2.109)

Note that in steady state we have the relations:
and (1 —360)J =(1—-7)C~°Y. Set A =1,

quxw

==L (1 - BOK = Epye!

- 0 1 0
12 e (e

6 .
1 -2 ~2 1 ~
-9 1_9e(w+ )+ (e )} rrH,t}+ 1—9( + ep) iy
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] 1 0
=p0J——(1 % — | —
B 1_9( +€<P){ t7TH,t+1+2|:l_ €

) 0 L
5 (e+1)+ (e— 2)} Etﬂ’?{’wl} +,80m(1 +ep)JE Ji 1T H 141

- . 1 R _ R 1 .
+ 8061+ )7 { B in + 11+ ) = B g1 = 800~ 1T | Bein s + e~ DBy i

o _ 0 R I
+ 566(1 + (,D) |:JEtJt+17I’H7t+1 + Ji@(l + ap)EtﬂF%—I,t+1] — 59(5 — I)JEtJt+1ﬂ'H7t+1

YN 1. A A _ ~ 1 - ~ oA _
(1+¢)A (Yt + §YE) = L+ @) A2ViAr + (1+ @) AR Ve + S Ap(L+ @)V = (14 9) A% Ay + A"
N 1 fe I S 1 1 ( .
~a-nemrv{[i- 2 (F)] (4 39%) - 22 (B) e - 2 (F)] -
sc1l—a \dY sc 1—a \dG 1—a \dY
7 <A+1A2>+1 20 1 (d@>+a(a+1) 1 (dC) N
am— TH —T, - s
17 \"" 3" 2] scl—a \dy 52, 1—a \dY
_ _ _
20 () [ (5) (s v )it 5 2 ()]
s (1—a)?2 \dY dy 1—a C1- sc1—a \dY
T osg 1 d A T 1 . a
2=°e = 1—
(i) (F)an (75) -5 ( )}W
o 1 dc o(loc+1) 1 dc o ano dc dc o A
Z Rk A o . - Lse—1 1+ (= - V.G
{scsal—a(dY> 52, SGl—a(dY) 2 M- a2 \dy tlay) \Gizg Tomo—@ 1ot

_U{ 11 (ZsﬂJrg(Zi:l)l—la(%){1_(%>]_£%(%)2+
z 2 (E )[ (5] (1fa+anaa)}fftc‘:}+t.i.p.+o<||s||3>

0 0 [ 1
= ﬁJi(l +e)Erfty g1 + BJ (1 + Q) ErJi1ftmep1 + BJiH(1 + ﬂp)g {

[t 2 (e b ()]
{(1+w)A ! ( ) s@(1+<ﬂ)A—%1_la(dc)
*ﬁ(%ﬁ) [H(Z%C/)(l- e s (i55)
(1+ @) A2A, + Ajy — Jsccl_a(%)éwra{l— ! (E)} A
{rerts () -5 ea (8) - e () [ () (2 v o o) e
(ol (@) () - ()] Sae ()
i (59) [ ()] (2 e o) picie
1

T osg 1 dC\ - . T d A 1 . . 3
Rl P 1- e N Ze(1 tip.+ O
(1—%) sc 1—a(dY> o (1—%)0[ 1—a<d )] t t}+26( T )Fme +tLp ORI

(2.110)

5(1 —p)+(e—2) E757Ar1%1,t+17L

TtYf

21492 AV + (1+ ) Ap Vi

—_

Define V, = @y + 3 [ (@H) + (e — 1)} Ty + Jit i, and substitute into (2.110),



66

we obtain a recursive relation

- ) RS ORISR A ) .
Vi = Ky {Y; + Cr 7+ Coy 7Yy + EOYYY{Z - 56;;3 + §Cﬁw§u + C4Ay + Cyow i)Y + CoGy
+Co-CF + Cay AYi + Cowy il Vi + Cay GiYy + Cony GV + Car Giy + CC*TC”;‘%t}

+ BE Vi + tip. + O(I€1)

(2.111)
where
Cra = Crra = ta
CTYOL:[I_élia(%)}%
crve= {0 S () s eon 3 (F) (4525) -
.
e () Do ()] () e[t ()
Ora = 149
Ra
CAQ:—(lw)AQ{(H@f‘ ;1;(%)}
CHW&:A{(IJ"@)i_ ;Clia(%)]il
oo i () e e ()
cer=efi g (D] oo e ()]
CAYa:7(1+90)2A2|: - scl—laGS)]
Curva =+ [ +pd-1+ L1 ()

(s () e (8 0 25) o (B o a ()
%SGOQQZZ(Z;C/Y( )H : (Tczﬂ _

core—{o s ()] s -G ()

- (D)

B b (o) s (B
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and

Rl

w,; =

%wa[(urgp);l_ui 1 (3—)}_1

Note that when on =1 (% = 1—a), A=1:

1-6 1 o w
W=k = 1— 36 . o = - 7T
K K ( 0 ><1+ego>( 5)(@+SC) (0 (4 90+0561
Cra: TTa:CT:CTT:¢ CTYa: TY:<1_J)¢
sc
1 -1 1
CYYaZCYY:[<p2+2g0+3U—J( ;LU)] (¢+0> szcﬂ:‘f( +¢)
sc SG Sc K
o\ ! o\ !
Cao=Ca=—(1+vy) <SO+> CMWa:CMW: <<,0+>
Sc sc
—1
CGaZCGZ—aiG <90+J> Cox =0
sc sc
o\ ! o\ !
Caya = Cay = _(1 + 90)2 <90 + > CNWYoz = C,uWY = (1 + 90) (90 + )
sc sC
o(l+o0)s s o\ ! a o? o\ !
So Sc sc l—-asc sc
OGTa:CGT:USﬁdj CC*T:O
sc

And when a = 0 <% = 1) and A = 1, we recover the results obtained by Leeper

and Zhou (2021) for a closed economy.
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Integrating (2.111) forward from ¢ = 0, we have

[e's)
~ R P ]_ A~ 1 ~ ]_ ~ N ~
% = EO § ﬁt/i <Y;f + CTaTt + CTYaTtY;t + §CYYCMS/;2 + 507'7'&7—,52 + §C7ra77t2 + C(Aoz‘élt + C,uWouU/};V
t=0

+CGaGt + CC* CA(:CAYaAtYAvt + C,uWYaﬂ}f/V}A/;f + CG’Yozét}A/;f + OC*YCA’:)A/; + CGTOéGAt%t + CC’*TCA(:%t>

+ t.i.p. + O(|€]]*)

(2.112)

Appendix 2.J Quadratic approximation to the objective
function

Now we use a linear combination of (2.101) and (2.112) to eliminate the linear terms

(}Aft and 7;) in the second order approximation to the welfare measure. The coefficients
1B, fto must satisfy:

dy

,uBaBYa + /LC'aCYa = _AYa = - |:1 - (1 - q)> (E)]

,uBaBTa + Noac'ra =0
The solution is:

o 00 ()]

porm = 1wt el e ()

L'y
where wg = % is the steady-state government output outlays to surplus ratio,
and satisfies 1 + wg = 2. T = (1 4 wg) [(1 +P)A—-1+ 2 (g—g) - wT} -

1 dC\ o
T-a <W> ¢ Wr

Therefore, we can finally express the objective function in the linear quadratic
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form of:
UO — Uo 1 WO — W t 2 ~92
= e 5 a” T — —FE o < Ye) T
o () S e =3 e ()
+ t.i.p. + O(|[¢]]*)
with
Qza = —Ayya — ,MBaBYYa - MCaCYYa

l—«

1__(d0)
dy 1
~[1-a-o(5)] £ {urBrva - arvacna [a s pa-1+ 2 (42)])

Gra = —Anga = HeaCrya
- -0)(Z)] 1 +we)e+o) [1+@)Ad-1+ 21 (£2)]
N |
(1-o)(E)e[a+p)a-1+ 21 (2]

Ka

(jic;) ano (1ia+ana_a>_(1_q’)(1+go) 1

_l_

and ffte denotes the efficient level of output, which is exogenous and depends on the

exogenous shocks Ay, [LtW , Gy, Z; and Cf:

Ve =gt [(AAa + 110aCy aa) At + (Aca + 11Ba By ca + ficaCyaa) G
+ (AC* + ,U/BaBYC* + /jJCaCYC*> é: + MBaBYZaZt + ,uCaC,uWYa,LLE/Vt]

= QAozAt + QG’aét + qc+ CA’t* + QZaZt + qMWa,UQ/Vt
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where

v =it {a-on+ () + - 0-o (5| HEa o)

o= {2 (00 [+ 2225 () o022 (45
+hBaByca + poaCycat

b )23
+HpaBycr + poaCye-}

SRR PN P

L R RIS

Note that when on =1 (% =1- a) and A = 1:

o (1-90
Ko = K= 7
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o 1—-@
o — T l—— - 1
q { p (1—04)(“0)]
1—-®\ 1 2
_(1- “dw | twe) (1-22) - L+ Z 4+ 2| -
l—a/T sc sc S So

(14 wg) {8024‘2@4'3_0—0(1—:_0)1}
Sc SC
(1—1=2) (I +we)e(1+¢) (w - %) (=2 ¢ (w + %)
fre = ' + K
o 15

1 |osa ] 1-d\ 1 sg ([o+1 7Y 1
o — _— — f— /I.UTO—_ - = - -
16 oa Sc l—a)T Sc So S SD
o(l+o0)s s
+ (1 + wG) |i ( 52 ) < - G:|

C sc
1—-®d\ 1 o
-1
. = -1 1— ——(1 -
4c qml—ag{ +( l—a)Fsc( +wG+w)}
_ (1 1—®\ w, 0 sz
170 = Tra l1—a) T scsp
L, 10\ (L+we)(1l+)
1
a — 1—
qMW qwa( 1_&) F

For the loss function to be convex, i.e. ¢, > 0 and ¢, > 0 we need:

So 11—«
1—d\ 1 2
1— | twe) (1-22) - L+ Z 4+ 2| -
l—a/, T Sso sc  S& Sp
3 1+
(1+wg) {902+290+—0'—0(—20,):|}
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(1+we)(1+¢)

When a =0 (% = 1) and A = 1, we recover the results obtained by Leeper and

Zhou (2021) for a closed economy. Notice that when on = 1 the differences with the
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closed economy are (with 0 < o < 1):

Ayazl—l_Q) VS AYZCD
11—«
1 1—-&

Ayyazl—i—( o) ) < Ayyzl—i—(l‘f'@)(l_q))
Sc l-« Sc
AwHazl_q) €d(1 + ep) - Aﬂ:(l—Cb)e@(l—l—ego)
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1 1—-0
PR CRal) Gl ), S A= (l+9)(1-9)
l—«
2 2
Ac*:— a g, Bc*y: a U— and Cc*y:— a U—
11—« 1—asc 1—asc

The effect of o on inflation and output gap weights in the welfare loss function, and

on the coefficients of the efficient output are summarized in Figure 2.J.1.

Appendix 2.K Log-Linear CPI inflation, Real Exchange

Rate and Net Exports

Before we introduce the linear constraints of the problem, it is useful to specify the
log-linearized CPI inflation and the real exchange rate. By log-linearizing equations

(2.4) and (2.74) we obtain

Vo) (2.113)

T = Ty +
11—«

0. =0 (C‘t - é;) (2.114)

and using the risk sharing condition (2.74), the relation between relative prices (2.73),

and the market clearing in the goods market (2.65) we can re-express the log-linearized
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Figure 2.J.1: Effect of the small open economy’s openness parameter, a, on inflation
and output gap weights in the welfare loss function, ¢,, and ¢,, and on the coefficients
of the efficient OUtputv qAa; 9Gas 9Z s qWa, 4O+

CPI inflation, when on = 1, as

o= oy +a (Afft —saAG, — sCAé;) (2.115)
Sc
A o ~ A . o .
Q=—(1-0a) (Yt —s¢Gy — Sch) = —(1—a) (@ — hy) (2.116)
Sc Sc

N

where by = Y —56Gy—scCff = qaadi+(qca—56)GitazaZitawat]” +(gc- — 5¢)C; .
Note that when oo = 0, 7, = 7p;.
Let NX; = % (Yt -Gy — %Ct) denote net exports in terms of domestic output,
expressed as a fraction of steady state output Y. A first order approximation around

the symmetric steady state yields NX; =Yi—scGi—scCi— 2=8c Q,, which combined
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with the aggregate domestic output (f/t = saGy + scCh + %scﬁ) implies
NAXt = asc <E — 1> 7AZ
o

where w = o + (1 — a)(on — 1). In the special case of ¢ = =1 we have NX, =0
for all ¢, though the latter property will also hold for any configuration of those
parameters satisfying o(n —1) 4+ (1 — a)(on — 1) = 0. More generally, the sign of the
relationship between the terms of trade and net exports is ambiguous, depending on

the relative size of ¢ and 7.

Appendix 2. Linear Constraint 1: Aggregate supply

A first-order Taylor series expansion of (2.49) around the zero-inflation steady state
yields the log-linear aggregate-supply relation (first order terms from the second-order

approximation conducted in Appendix 2.T)
Ty = BE T 1 + Kot + YaTi) + Uay (2.117)
where, when on =1

K/Oé:/{:

(1-0)(1-p80 1 (sH a)

0 1+ ep g
Wr

B Y+ 0551

?/Ja:?ﬁ

and u, ¢ is a composite cost-push shock that depends on the four domestic exogenous
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disturbances and the four foreign exogenous disturbances
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The exogenous disturbances generate cost-push effects through u, ; because with

a distorted steady state, they generate a time-varying gap between the flexible-price
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equilibrium level of output and the efficient level of output. If the steady state were
not distorted, only variations in wage markups would have cost-push effects. This is
why wage markups are regarded as “pure” cost-push disturbances.

If 7, were exogenous, K7; + u,, prevents complete stabilization of inflation and

the welfare-relevant output gap. Iterating forward on (2.117) yields

[ee]
~ k ~
T = By E B KTk + Uny

k=0

where U, = E; Z;‘;O(/ﬁwﬁﬂc + Uq t+%) determines the degree to which stabilization
of inflation and output gap is not possible. This is the only source of trade off
between stabilization of inflation and output gap in conventional new Keynesian
optimal monetary policy analyses (Gali, 1991).

When 7; is chosen optimally along with monetary policy, then 7; can be set to
fully absorb cost-push shocks, making simultaneous stabilization of inflation and the

output gap possible. Benigno and Woodford (2004) rewrite (2.117) as
The = BET 1 + KTy 4+ wO(T — 75 ) (2.119)

where 75, = _%Lt is the tax rate that offsets the cost-push shock. Expression (2.119)
describes the trade-off relation between inflation and output that fiscal policy faces
because tax rates can help stabilize output and inflation by offsetting variations in
cost-push distortions. Notice that it does not depend on the currency composition of
the government’s debt.

Finally, notice that these expressions are analogous to the closed economy version
of the model, with the addition of foreign shocks. Indeed, the first four terms of the
composite cost-push shock, which correspond to domestic shocks, are identical to the

closed economy version, with the welfare loss function weights and coefficients of the

efficient output being affected by the degree of openness. The remaining four terms,
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which correspond to foreign shocks, are only present when we consider a small open

economy (gc+ = 0 when av = 0).

Appendix 2.M Linear Constraint 2: Aggregate demand

A second constraint arises from the household’s Euler equation for short-term
bonds (equation 2.41). Using the log-linear approximations to the resource constraint
(equation 2.67), the aggregate price level (equation 2.113), and the real exchange rate

(equation 2.114), and the definition of the output gap, we obtain

N N Sc [ % N
Ty = By — o <Rt — WLCEHTH,tH) + Uayt
ay

where

Rt = VLC,th +Yoprire + 'YFC,tR:

o) dC
Oay = 0 |1 =7pc + 710 - v

and when on =1, 04, =0 [l —a+ aye — (1 — a)yrc]
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and the composite aggregate demand shock, v, ¢, is

Vot = Qaa (P4 — 1) At + Gua (0w — 1) Y + (d6a — sc) (pa — 1) Gi + aza (pz — 1) Zy
— —

VAo /U;,LWCX VGa VZa
sc a1 [ asc sc¢ [ avre 1 (pa- — co-F. e
+ 4 ——=pcp* 2 + g0+ + - — ( — 'YFC) ( " ) A — A Aj
Tany CLx Qrr i l—-a o4y \1—-« c 4z F3, CL*
e
sc R [ asc sc¢ [avre 1 (pg- — 1 Cor B .
+{_’YFCP &+ |gc + _< e (7*) ge- —sG+——< ) 0 G}
Oany crL* Qr+ | l-a ooy \1-« | S¢ Qo+ CL*
Vo
sc e 1 [ asc sc¢ [ avLe 1 (pz- —1 o F5. A
Oary CL* Qn+ i l—a o4y \1—« ] So 4z Fy, CL*
U *
sc o 1 asc sc [ avLe pw+ — 1 Cox Fiirw Wk
R O AT (S| TN A 5
Tary CLx Qr* l—a o4y \1-« So Az Fp,, CL*

the parameters that refer to the rest of the world are defined in Appendix 2.L.
Note that the aggregate demand depends on the openness of the economy and the
currency composition of the government’s debt, and that when a = 0 (¢f. = 0) we

recover the results obtained by Leeper and Zhou (2021) for a closed economy.

Rewrite the Euler equation as

N . SC 4 Sc (A =
Ty = EBytey + oo — Eati e — — <Rt - Rfﬁ)
Oary ay
where R¢ , = 2224, , is the setting of the short-term interest rate that exactly offsets
O{,t s )

the composite demand-side shock.

The sensitivity of the expected output gap with respect to interest rate, %,
depends on the openness of the economy and the currency composition of the government’s
debt. When the small open economy government only issues bonds in local currency,
vre = 1, an increase in openness raises that sensitivity (through the stronger effects

of the induced terms of trade changes on demand). In the special case that on = 1,

0oy = 0, 50, regardless of the level of openness, the sensitivity of the expected output
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gap with respect to interest rate is the same as in the closed economy. When the
government does not issue inflation-indexed debt but issues some amount in local
and foreign currency, yopr = 0 and .o # 0 and vpo # 0, regardless of the level of
openness, the sensitivity of the expected output gap with respect to interest rate is
higher than in the closed economy, o,, < o. Finally, when the small open economy
government only issues bonds in foreign currency, ypc = 1, it takes the interest rate

as given.

Appendix 2.N Linear Constraint 3: (Government

solvency condition

Define:
= M,LC M,FC
% =L = + pibM + g —StBt
2 C 2 cp1b; FC 2
QM = v10Qr M + voprdr + vreQrFC
with

BM = BM 4 ppM + £BFOM
BM PpM gBFOM

B—M, YoprI = YFC =

e B - BM

If the government issues local currency, inflation-indexed and foreign currency

bonds with average maturity indexed by p, fiscal solvency implies the additional
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constraint
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where sp = S/Y is the steady-state surplus-to-output ratio and ft is the composite
fiscal shock that reflects all eight exogenous disturbances, four domestic and four

foreign, to the government’s flow constraint
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with b =1+ (1 — g~ ) . ¢*' The remaining parameters that refer to the rest of the
world are defined in Appendix 2.L.

Naturally, the government solvency condition depends on the currency composition
of the government’s debt. Also, note that when o = 0 (go~ = 0) we recover the results

obtained by Leeper and Zhou (2021) for a closed economy.

Appendix 2.0 Government’s intertemporal equilibrium
condition

Solving the government budget identity forward when the government issues some



82

fraction of local currency bonds (v.¢ # 0), and imposing transversality and the term

structure relation yields an intertemporal version of the solvency condition

BM . o N Oavy
(P ) + Fy = ypoftms — — [oyze — (1 — a)yre] @1 + th
t—1 Sc Sc
Z (Terk — 7f4n) + bodiorn] + B Z(ﬁp)kﬂ (Rtﬂc - Rf+k;>
h— k=0
where b, = =, b, = = — Z and
sp sp sc

~ 0 - 7—_ oo . 00 :e
by = Ey Zﬁkft-i-k —(1- 5)S—dEt Zﬁkﬂwrk + E; Z [ﬁkﬂ _ (5p)k+1 »
k=0 k=0

k=0

When the government does not issue bonds in local currency, v, = 0, and issues
some fraction of inflation-indexed bonds, ycp; > 0 (yrc # 1), the intertemporal

version of the solvency condition is

A~

Bty +F = (1 JAZ + (1 i {bA +<b U)A ]
_ (1 =a)A% — T, s —a— | &
P, t = —VFC S0 t 2 t+k s t+k
. k1 okl TFC D pe
+ E, kzg {(50) B (1 + 1— ’7FC>} (Rt+k Rt+k>

And when the government only issues bonds in foreign currency, ypc = 1,

L ) b B = ——(1—a)A 1-pB)E b b, — a—
P, >+ t Sc( ) Aty + ( tZﬁ [ Tt+k+( o) >5Et+k]

=0 sc

with R¢ = R,
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Appendix 2.P Optimal Policy Analytics: Flexible
prices

Consider the optimal equilibrium when prices are completely flexible, which eliminates
the trade off between inflation and the output gap. The setup connects to V.V Chari,
Christiano, and P. J. Kehoe (1996) and Varadarajan Chari and P. Kehoe (1999),
except that they consider only real debt, while I also consider debt in local and
foreign currency. Flexible prices emerge when 6 = 0, which implies K = oo and

¢ra = 0. Costless inflation converts the loss function from (2.8) to
1E f: Blg,a? (2.120)
27 =0 o |

I examine two cases, one when the government issues some fraction of bonds
denominated in local currency, and one when all the bonds are indexed to CPI
and/or denominated in foreign currency. In the first case, unexpected inflation
variations (which have no welfare cost under flexible prices) can be used to relax
the intertemporal government solvency condition, but this is no longer possible in the

second case. This makes the optimal solution to the problem intrinsically different.
e Case 1: Some fraction of bonds in local currency (y.¢c # 0)

When the government issues some bonds in local currency, v, # 0, the optimal
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policy problem minimizes loss function (2.120) subject to the constraints

T+ (7 —7) =0

A SC = ~e oS ol
T+ . (Rt — Ry — ’YLCEtﬂ'H,t—i—l) — By =0

~£]\i[1 - ~ o ~ Oq .
D + Fy =vretue — — [ayee — (1 — a)ype] B-1 + — 34
t—1 S¢o S

c
+ (L= B)EY B [br (Fisk — Fix) + bodiesi] + Er Y (Bp)*™ (fm - ﬁm)
k=0 k=0

The optimal solution sets z; = 0 at all times, which can be achieved if fiscal policy
follows 7; = 7/ and monetary policy sets I;’t—”yLoEtfr}LtH = Rf. In this optimal policy
assignment, fiscal policy stabilizes the output gap, and monetary policy stabilizes

expected domestic inflation and the maturity structure of debt determines the timing

of inflation. Equilibrium domestic inflation satisfies

A

BM N . - .
(Pt 1) +F = voeTuy + ok Z(ﬁp)kWH,Hk (2.121)
t—1 k=1

: . BM = . .
so increases in fiscal stress, ( PZ‘ll) + F}, raise expected domestic inflation. When

p >0, (2.121) implies that long-term debt allows the government to trade off domestic
inflation today for domestic inflation in the future. The longer the average maturity,
the farther into the future inflation can be postponed. This conclusion resembles
Cochrane (2001)’s optimal inflation-smoothing result.

When p = 0 and all bonds are one-period, (2.121) collapses to

P +F, = vrefy

and, as Benigno and Woodford (2007) emphasize, “optimal policy will involve highly

volatile and extreme sensitivity of inflation to fiscal shocks.”



85

Then, in this case, unexpected inflation variations occur as needed in order to
prevent taxes from ever having to be varied in order to respond to variations in
fiscal stress, as in the analyses of Bohn (1990) and Varadarajan Chari and P. Kehoe
(1999). This allows a model with only riskless nominal government debt to achieve
the same state-contingent allocation of resources as the government would choose to
bring about if it were to issue state-contingent debt, as in the model of Lucas and
Stokey (1983).

Because taxes do not have to adjust in response to variations in fiscal stress, as
in the tax-smoothing model of Barro (1979), it is possible to “smooth” them across
states and over time. Note that it is really the “tax gap”, 7, — 7/, that should be

smoothed, rather than the tax rate itself.
e Case 2: No bonds in local currency (v.c = 0)

When the government does not issue bonds in local currency, the optimal policy

problem minimizes loss function (2.120) subject to the constraints

i’t + 1/1(7:15 - 7::) - 0 (2122)
L (Rt - Rf) By =0 (2.123)
éﬂf ~ l;’M T . . 2 o R

=)+ fi=B |+ (1= B8)— (& +7) + B —p)Q) —a—(1 - B
Py P, SD So
— i(1 - Oé)’}/FcAi'f, (2124>
sc
Q' = BpEQL, — Ry (2.125)

The solution to this problem is now less trivial, as complete stabilization of the output
gap is not generally possible. The optimal state-contingent evolution of output and
taxes can be determined using a Lagrangian method.

In this case, variations in fiscal stress will require changes in the tax rate, as in

the analysis of Barro (1979). With only inflation-indexed bonds and foreign currency
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bonds, the real value of private claims on the government at the beginning of period ¢,

BM,\ . . : . : . —
( P:711 ) , is a predetermined variable. This means that unexpected inflation variations

are no longer able to relax the intertemporal solvency condition of the government.
In fact, we can observe from the system of equations above, (2.122)-(2.125), that the

path of inflation is now completely irrelevant to welfare.

M 2
First-order conditions with respect to &y, 74, 7, (Bti) and QM yield optimality

P
conditions
. 1 o o » Oarq loa
Qz Tt = E — 10+ 05% + (1 - O‘)’YFC% (1 — B)Lt - th + ES—Ltfl
(2.126)
B —p)L; = L{ = pLi, (2.127)
E Ll =L} (2.128)

where L? and L{ are Lagrange multipliers corresponding to (2.124) and (2.125).

The optimal evolution of output gap and tax rate are given by

.1 1 LA Tlgp_GaglL=P\ 4 _ goipygo
Gty = (1= 5) {(@Z) 1)b7+0480+(1 OZ)VFCSC}Lt scﬁ<1—p]L)(1 BL) L,

(2.129)

Te =T, — @y (2.130)

The evolution of inflation remains indeterminate.
The optimality condition for debt that requires L? to be a martingale may be

written as (1 —B)E, ;L% = 0, where B is the backshift operator, defined as B~/ E,&, =

By
Taking expectations of (2.28) and (2.29) and applying the backshift operator, we

obtain general expressions for the k-step-ahead expectations of inflation and output
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Btk = p*Fms + yoopton(LE — L) (2.131)
Eidy = pFae + (1 — pFa,LE (2.132)
where a,; = %lp and o, = lq_—f (% — bx>.

Without local currency bonds, inflation is not affected by a pure fiscal shock
under the optimal policy, but instead the output gap and the tax rates are. Optimal
policy “smooths” L?, the value (in units of marginal utility) of additional government
revenue in period ¢, so that it follows a random walk. As highlighted by Benigno and
Woodford (2004), this is the proper generalization of the Barro tax-smoothing result,
though it only implies smoothing of tax rates in fairly special cases. A similar result
is found when prices are sticky, even when government debt is denominated in local
currency, as I show below.

Note that when the government issues only foreign currency bonds, vrc = 0, the

optimal evolution of output gap is given by

By = qim(1 - B) (% - bx) L (2.133)

Condition (2.133) makes the output gap proportional to L?, so the gap inherits the

martingale property of L? to perfectly smooth the gap: Fiiy p = .

Flexible prices neglect the welfare costs of domestic inflation. When prices are
sticky and domestic inflation volatility is costly, the optimal allocation balances

variations in domestic inflation against variations in the output gap.
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Appendix 2.QQ Sticky Prices: Derivation of the optimality
conditions

Under sticky prices and when the government issues some fraction of its bonds in
local currency, policy seeks paths for {frH,t,i't, 7, Ry, BM QM } that minimize (2.8)
subject to (2.9)-(2.12). The Lagrangian for this problem when the government issues

some bonds in local currency, y.o # 0, can be written as

- 1
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First-order conditions with respect to 7y, &, 7, Ry, BM and QM yield optimality
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where L? and L{ are Lagrange multipliers corresponding to (2.11) and (2.12).
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Chapter 3

Optimal Time-Consistent
Monetary Policy and Sovereign

Debt Currency Denomination

3.1 Introduction

Historically, external sovereign debt in emerging economies has largely been
denominated in foreign currency, a phenomenon known in the international finance
literature as the “original sin” (Eichengreen and Hausmann 1999). However, over
the past two decades, the share of external sovereign debt denominated in foreign
currency has evidenced a reduction (Arslanalp and Tsuda 2014). In this chapter I
address two questions. Has the debt denominated in foreign currency been replaced by
debt denominated in local currency or indexed? What are the policy implications of
these types of bonds and how does the government choose the currency denomination

of its debt?
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To answer the first question, I construct a dataset on foreign holdings of government
debt issued internationally and domestically for five Latin American countries: Brazil,
Colombia, Mexico, Peru and Uruguay. I follow Arslanalp and Tsuda (2014) and
extend their work by distinguishing between debt denominated in local currency and
indexed units. I find that in Brazil, Colombia, Mexico and Peru, external debt in
foreign currency was mainly substituted by debt in local currency. In Uruguay, on the
contrary, debt in foreign currency was largely substituted by inflation-indexed debt.

To answer the second question, I use a small open economy model in which
inflation is costly and exchange rate is determined endogenously. Each period, a
government that cannot default and lacks commitment regarding its monetary policy
and bond issuance, optimally chooses inflation and the issuance of debt denominated
in local currency, foreign currency and inflation-indexed units. I follow Ottonello and
Perez (2019)’s analytical framework and extend it by introducing inflation-indexed
debt to the government’s portfolio choice.

Firstly, I analyze the trade-offs of each policy instrument by looking at the first
order conditions of the problem. On one hand, local currency bonds and inflation-indexed
bonds are useful tools in terms of hedging. As exchange rate (nominal and real) and
tradable endowment are negatively correlated, the payoffs of these bonds decline in
real terms when tradable endowment falls, helping to smooth tradable consumption.
On the other hand, when unable to commit, the government has an ex-post incentive
to generate surprise inflation and real exchange rate depreciation to dilute the real
value of its local currency (both) and inflation-indexed bonds (only real exchange
rate depreciation). Foreign investors anticipate these incentives, lowering the price
for local currency and inflation-indexed debt. The government takes this into account,
and chooses a lower amount of debt in local currency and inflation-indexed units than
it will choose under commitment.

Secondly, I calibrate the model to the average Latin American country in the
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sample, Peru and Uruguay, and solve the model numerically. I find that large external
debt-to-GDP ratios, long debt duration, and low inflation costs encourage more
borrowing in inflation-indexed bonds and can explain the larger share of inflation-indexed
debt in Uruguay compared to other Latin American countries.

In addition to Ottonello and Perez (2019), some recent papers examine the currency
composition of sovereign debt, considering local and foreign currency bonds. S. Liu,
Ma, and Shen (2021) embed the debt currency denomination in a sudden stop model,
while Engel and Park (2022) analyze an optimal contract problem with outright
default. These papers emphasize the hedging benefits and the inflationary bias of
local currency bonds, but none of them incorporate inflation-indexed bonds as a
policy tool. The innovation of this paper is to study empirically and theoretically the
role of inflation-indexed bonds as an additional policy instrument for the government.

The chapter proceeds as follows. The answer to the first (empirical) research
question is provided in Section 3.2. To answer to the second (theoretical) research
question, I first describe the model in Section 3.3, introduce the optimal policy
problem in Section 3.4, and present the quantitative analysis in Section 3.5. Section

4 concludes.

3.2 Data

This section presents the main facts about the currency composition of external
sovereign debt for five Latin American countries: Brazil, Colombia, Mexico, Peru and
Uruguay. The countries were selected based on the size of the economy -they represent
70% of Latin America’s gross domestic output- and data availability. The objective
is to analyze how large debt positions in local currency and in inflation-indexed units
are relative to foreign currency and how these relative positions have evolved over the

last decades and across countries.
I construct a dataset on foreign holdings of government debt issued internationally
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Figure 1: Currency composition of foreign holdings of sovereign debt.

and domestically. For this purpose, I follow Arslanalp and Tsuda (2014) and extend
their work by distinguishing between debt denominated in local currency and inflation-indexed
units, which will be shown to have different characteristics and policy implications.
In the case of Brazil, the data corresponds to Federal Public debt obtained from the
monthly public debt reports, elaborated by the National Treasury. For Colombia, the
data corresponds to Central Government debt obtained from the Ministry of Finance.
In the case of Mexico, the data corresponds to Federal Public debt, obtained from
the Ministry of Finance, for the internationally issued debt, and from the Central
Bank of Mexico, for the domestically issued debt held by nonresidents. For Peru, the
data corresponds to Non-Monetary Public Sector debt. The data that corresponds to

internationally issued debt was obtained from the Central Bank of Peru, and the data
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for domestically issued debt from the Ministry of Finance. In the case of Uruguay,
the data corresponds to Non-Monetary Public Sector debt, and it was obtained from
the Central Bank of Uruguay. (See Appendix 3.A for more details) The frequency
and time-period of the data varies considerably across countries. For instance, the
estimates for Mexico are constructed on a monthly basis starting in 1991, whereas
the estimates for Colombia are quarterly and start in 2010.

Figure 1 depicts the dynamics of the currency composition of government debt
held by foreigners in the five Latin American countries under study. Debt composition
is tilted towards foreign currency, a well documented and studied characteristic of
emerging economies. More than half of the foreign holdings of government debt are
denominated in foreign currency, except for Brazil after 2010 and Peru in recent
years. Moreover, in the last two decades there has been a reduction in the share of
foreign currency debt, another fact more recently highlighted in the literature (see for
example Ottonello and Perez 2019, S. Liu, Ma, and Shen 2021, and Engel and Park
2022). An innovation of this paper is to study the evolution of indexed debt. For
the countries under study, this type of debt is indexed to the evolution of aggregate
inflation, is issued domestically and its share is small compared to local currency debt.
The exception is Uruguay, which most of its non-foreign currency denominated debt
corresponds to inflation-indexed debt and some of it is issued internationally. Brazil
also registered a significant share of inflation-indexed debt over a period of time. It
reached 16% in 2013, but it fell to 3% by the end of the sample.

In the following sections, I build a model and derive analytical and numerical

results to explain the differences across countries documented in this section.

3.3 Model

This section introduces a model to study optimal monetary policy and debt
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currency denomination. It closely follows Ottonello and Perez (2019), augmented to
include inflation-indexed debt. A small open economy is populated by a continuum of
identical risk-averse households that live forever, consume tradable and non-tradable
goods, receive a stochastic endowment and lump-sum transfers net of taxes from
the government, but cannot borrow or save. The government, who chooses inflation
and debt issuance, is benevolent but lacks commitment and cannot default. The
government can issue debt denominated in foreign currency, local currency, and
indexed to inflation, which is priced by risk-neutral foreign investors that also have

access to a risk-less bond denominated in foreign currency.

3.3.1 Households

In the small open economy, the preferences of the representative household are

defined over an infinite stream of consumption and inflation:

Ey> B (uler) = 1(me)) (3.1)

where 5 € (0,1) is the subjective discount factor, ¢; denotes consumption, and m, =
P,/ P, is the gross inflation rate, with P, the aggregate price level. u : R,y — R is
a differentiable, increasing and concave function, and [ : R, — R is a differentiable
and convex function. The disutility from inflation captures the distortionary costs
associated with this variable. In addition, the consumption good is a composite of

tradable goods, cr;, and non-tradable goods, cy
et = Clere, eng) (3.2)

where C' : RT — R, is a differentiable function, increasing in both arguments,
concave, and homogeneous of degree one.

The representative household receives a stream of endowments of tradable goods,
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yrt, and non-tradable goods, yn;, and lump-sum transfers (net of taxes) from the

government, T;. Each period, the household faces the following budget constraint

Pricry + Pyvieng = Pryyre + Pnaynye + 14 (3.3)

where Pr, and Py, are the prices of tradable and non-tradable goods, respectively,
measured in local currency.

The representative household chooses state-contingent consumption plans, {ct, ¢, cn e},
that maximize the lifetime utility (3.1), subject to the aggregation technology (3.2),
the sequence of period budget constraints (3.3), and the given sequences of prices,
{Pry, Pn:}22,, endowments and government lump-sum transfers, {yr+,yns, T3 }e2-
The optimal choice between tradable and non-tradable goods is obtained by taking

the ratio of the first order conditions (FOCs)

CCT,t — PT,t (3 4)
OCN,t PN,t

where f,, = 0f(x1,..., x4, ..., x,)/0x;.

3.3.2 Government

The government chooses inflation and external debt. There are three types
of bonds available to the government: denominated in foreign currency, by, local
currency, By, and indexed to inflation, b7. Each bond is sold at price @}, Q¢, and @7,
respectively. Following Woodford (2001), I assume that the government bonds are
actually a portfolio of many bonds that pay a declining coupon of §* local currency,
inflation-indexed or foreign currency units, 7+ 1 periods after they were issued, where

0 <6 < B L1 A measure of the duration of the bond is given by (1 — 8§)~!, which

!By issuing one bond in local currency (inflation-indexed or foreign currency) in period ¢, the
government promises to repay one unit of local currency (inflation-indexed or foreign currency) in
period ¢ +1, § in period t + 2, 62 in period ¢ + 3, and so on, and in exchange receives Q; (QT or QF)
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is used to calibrate 0 to capture the observed maturity structure of government debt.
Note that when § = 0, the bonds are reduced to one period bonds.

The government budget constraint expressed in local currency is then given by

b
iQib; + Pu(Qubu + Q7F) = e+ Qb + P | (14 8Q)7 + (14 0QE)b, | + T,
t

(3.5)

where Qb = QB;/P; is real value of local currency bonds, and e; is the nominal

exchange rate, i.e. the price of foreign currency in terms of local currency.

3.3.3 Rest of the World

The rest of the world is populated by a continuum of identical risk-neutral
households that have access to the bonds issued by the small open economy’s government
and a risk-free bond denominated in foreign currency that pays gross international

rate R. Bond prices are then given by

Q= R R—¢ (3.6)
1
E |:et+l 1+ 5Qt+1)] (3.7)
1 €t Pt+1 - B l Ty
E Ltﬂ P (1+ 5Qt+1):| = REt |:Tt+1( + 5Qt+1)} (3.8)

where r, = e;/ P, is the real exchange rate (RER).

3.3.4 Equilibrium

In equilibrium, the market for non-tradable goods clears

CN,t = yN,t (39)

units of local currency (inflation-indexed or foreign currency) in period ¢.
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Assuming the law of one price holds for tradable goods (Pr; = e;Pr;) and normalizing
the international price of tradable goods to one, we get that Pr, = e;. Given the

assumed preferences (3.1) and the aggregation technology (3.2), the aggregate price

-1
level of the small open economy is given by P, = e; (C’CT (CT’I : 1)) 2 For later use,

YNt

we define the inverse of the equilibrium nominal exchange rate, n, as

1 c -1
elzn(P,ﬂ), n(P,ﬂ):—(Cc (ﬂ1>) 3.10
! ' YNt ! YNt P, g YNt ( )

CTt
YNt

where n (Pt, ) is a differentiable function, decreasing in its first argument and

increasing in its second argument. Note that

- ty | - y
P YNt ! YNt

Aggregating in the small open economy households and government budget constraints,

(3.3) and (3.5), imposing the market clearing condition in the non-tradable sector
(3.9), and using the definition of the inverse of the equilibrium nominal rate (3.10),
we obtain the resource constraint of the small open economy, expressed in units of

tradable consumption

Ct T Gy T

>k l 9 s

Crt = Y1t — bt,1 —-n (Wt7 —) bi_1 —n (17 — bt71
YNt YNt

b—
+ Q5 (b —0bi_y) +n (1, —T) [@t (bt - 57) +QF (bf —obLy) | (3.11)

YN

Given initial levels of government debt b*,, b_;, and 0™,, a state-contingent
sequence of endowments {yr, yn+};2,, and government policies {b;, by, b }7°, a competitive
equilibrium is a state-contingent sequence of private sector allocations {cr, ey 1152,
and prices {Q7, Q, QF, er, m }52,, such that: private allocations solve the household’s

problem given equilibrium prices, transfers (net of taxes) satisfy the government

2See Uribe and Schmitt-Grohé (2017).
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budget constraint (3.5), debt prices satisfy (3.6), (3.7) and (3.8), and market for

non-tradable goods clears (3.9).

3.4 Optimal Policy

This section outlines the policy problem of the government, which has to choose
a set of government policies {m, b}, by, b7 }$2, in order to maximize the utility of the
representative household (3.1), subject to the constraints implied by the competitive
equilibrium defined in the previous section. Before introducing the time-consistent
problem, which is the focus of this analysis, I briefly lay out the problem under
commitment to use as a benchmark. We focus on the notion of a Markov perfect
equilibrium in which policies depend on payoff-relevant states. In other words, the
solution to the system of equations that defines the policy problem will be a set of
time-invariant Markov-perfect equilibrium policy rules mapping the vector of states
to the optimal decisions for each variable and for all moment in time. Regarding the
sequence of endowments, I assume that yy is constant over time while yr follows a

Markov process with transition probability g,(yr, v7)-

3.4.1 Commitment and Discretion

Commitment

When the government can commit to future policies, the policy problem is
given by choosing {cry, m, b}, by, bF } in order to maximize household’s lifetime utility
(3.1), subject to the resource constraint (3.11) and bond prices (3.6, 3.7, 3.8). By
committing to an entire path of policy instruments, the government is able to influence
expectations in order to improve the policy trade-offs they face. The Lagrangian and
the resultant set of FOCs are derived in Appendix A.

The commitment equilibrium is determined by the system given by the FOCs
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(3.32) in Appendix 3.B.1, the constraints (3.11, 3.6, 3.7, 3.8) and the exogenous

process for the endowment of tradable and nontradable goods.

Discretion

When the government lacks commitment, it seeks to maximize the value function:

V(st) = max  u(C(crs,yn)) — Um) + BE [V (St41)] (3.12)

cr,t,mt,b5 by ,bF

subject to the resource constraint (3.11) and bond prices (3.6, 3.7, 3.8). Even though
the government chooses the same variables than under commitment, it cannot make
time-inconsistent promises about their future behavior to have a beneficial impact on
current policy trade-offs through expectations. Instead, foreign lenders anticipate the
incentives faced by the government each period and form expectations accordingly.
However, the government can still influence those expectations by affecting the states
the next period’s government inherits. To capture this, future expectations are

replaced by the following state-dependent auxiliary functions:

C
X(St—‘rl) =N (7Tt_|_1, Zj\j1> (1 + 5Qt+1) (313)
C
2o = (L 2E0) (14-607) (3.14)

in the local currency and indexed bond pricing equations, respectively. These auxiliary
functions reflect the fact that, in equilibrium, we can map exogenous variables to the
steady state and expectations are formed rationally based on that mapping. The
current government takes this into account when setting its policy. The price of

local currency and inflation-indexed debt are determined by the following recursive
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equations

1 1

Q(s) = —F— 5 Et[X(5111)] (3.15)
n (1 2) R
Q" (st) = @%E&Z(Stﬂ)] (3.16)

The discretionary equilibrium is determined by the system given by the FOCs
(3.34) in Appendix 3.B.1; the resource constraint (3.11); auxiliary equations (3.13)
and (3.14); bond prices (3.15) and (3.16); and the exogenous process for the endowment
of tradable goods. Using the notion of Markov perfect equilibrium, the solution to this
system is a set of time-invariant policy rules x; = H(s;) mapping the vector of states
st = {b}_1,bi—1,0]_1,yr+} to the optimal decisions for x; = {cg, 7, b5, be, bF, QF, Qr, QT }

for all ¢ > 0.

3.4.2 Policy Trade-Offs

The policy trade-offs faced by the government can be characterized by analyzing

the FOCs.
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Dilution through real exchange rate

First, consider the FOC for tradable consumption

YN YN

u/(ct)CC%t — )\t |:|. -+ Ne <7Tt, %> bt—l + Ne (17 %) b;r1:|

~
Dilution through RER

i (15 oo ) o]

~~
Only under commitment

1 e (ﬂ-ta %) 1 Ne (17 (;T_N,t>
+,u'tﬁ B (:Lﬂ) Qt"{'lj’tﬁ B <1’CT_t> t
YN YN
Only unde;(;mmitment

11 1 Crt CTt
S S R Eaiin R T (1,255 (1+6Q7)| =0

ﬁRn(l CT’H) {Mt " (ﬂt ?JN)( + Q) poam ( yN)( " Qtﬂ

7 YN

TV
Only under commitment

(3.17)

Lines two to four in expression (3.17) are only present under commitment and reflect
the fact that the government can directly affect expectations and therefore bond
prices. The first line is present both under commitment and discretion. Under
discretion and with only foreign currency bonds, the marginal benefit of raising one
additional unit of good with debt is u/(¢;)C.,. ;. But in the presence of local currency
or inflation-indexed bonds, increasing one additional unit of good with debt increases
tradable consumption by less than one, i.e. the denominator in (3.17) is greater
than one. This is because higher tradable consumption appreciates the real exchange
rate (n.(1, cre/yn) > 0), which increases the value of local currency or indexed debt
repayment and decreases tradable consumption. This creates an incentive for the
government to depreciate the real exchange rate ex-post to dilute the real value of
debt repayment. To do it, tradable consumption has to be postponed, result that can

be attained by issuing less debt at the cost of distorting intertemporal consumption
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decisions.

Dilution through inflation

Second, consider the FOC for inflation, which highlights the nature of the inflationary
bias contained in the model,

cr 1
— = NNy , 14+ 600;)b
() til (Wt ?JN)< +0Q4 )by 1+Mt lﬁR

TV
Dilution through inflation Only under commitment

<7rt, ZN ) (1+0Q)r_1 (3.18)

J/

The left-hand-side measures the cost of raising inflation. The terms on the right-hand-side
of (3.18) measure the benefits of raising inflation, and are only present when there

is a non-zero stock of debt in local currency. The first term captures the fact that
higher inflation dilutes the value of outstanding debt in local currency measured in
units of tradable consumption and enables a higher consumption by saving resources.
This benefit is higher, the higher the stock and the longer the maturity of debt

in local currency. The second term, only present under commitment, captures the
government’s promise not to use inflation to reduce bond prices. Then, under discretion,

ex-post the government has an incentive to increase inflation.



Hedging benefits and costs derived from the lack of commitment

Third, consider the FOC for each type of bond:

[b7] :

[b71] -

1) 1
BE; [A1] (1 + ﬂ) - Atm

N g
Consumption smoothing

1 b/_ ]_ s T
=\ {EEt[Xb*<5t+l)] (bt - 5%) + }_%Et[zb*@tﬂ)] (b7 — 5bt1)} =0

[\

~
Only under discretion

1 1
BE, {Am—

Ti41 g1

1+ 5@“)} A

~
Consumption smoothing

bi—1

—/\t% {E[Xb(sm)] (bt - 577) B2y (se)) (07 — 5bg_1)} —0  (3.20)

-

J/

TV
Only under discretion

1 1
BE; |:/\t+1_ (1 + 5@&1)} - M—QF
Ti41 T |

TV
Consumption smoothing

bi—1

—/\t}% {Et[?(bw(stﬂ)] (bt _ 577) B2 (s00)] (5 — 65,) } —0 (3.21)

N

Vv
Only under discretion

Equations (3.19), (3.20) and (3.21) describe the government’s optimal debt policy

regarding foreign currency, local currency and inflation-indexed bonds, respectively.
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e Hedging benefits

The first line in each of these equations gives the optimal trade-off between current and
future distortions associated with the need to satisfy the government’s intertemporal
budget constraint - consumption smoothing (hand-to-mouth households). The government
trades-off the short-run costs of reducing the stock of debt against the discounted
value of the long-term benefits of lower debt. These terms are present under both
commitment and discretion.

To study this effect in isolation, consider a case where inflation is costless (I(m;) =
0), the real exchange rate is independent from consumption (n. (1, %) = 0) and

bonds are only one-period (6 = 0). Then,

u'(ct)Cepp = BRE [u'(cer1)Cop 1] (3.22)
COV [u/(ct)Crpy, (e1/Pi—1)™"] =0  with local currency bonds (3.23)
COV [u/(c)Cepp,ri '] =0  with inflation-indexed bonds (3.24)

Equation (3.22) defines the optimal path for tradable consumption. Equations (3.23)

and (3.24) arise from the possibility of issuing bonds in local currency and inflation-indexed,
respectively. According to these equations, the marginal utility of tradable consumption

is isolated from fluctuations in the nominal exchange rate, in the case of being
able to issue local currency bonds, and in the real exchange rate, in the case of
inflation-indexed bonds. When nominal exchange rate is perfectly negatively (positively)
correlated with tradable income, the government can obtain perfect tradable consumption
smoothing by issuing positive (negative) debt in local currency. ? Similarly, when real
exchange rate is perfectly negatively (positively) correlated with tradable income, the
government can obtain perfect tradable consumption smoothing by issuing positive

(negative) inflation-indexed debt. A well-known stylized fact in emerging economies,

3See Ottonello and Perez (2019) and Korinek (2009).
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documented for our sample of Latin American countries in Table 3, is that exchange
rates are negatively correlated with aggregate tradable income. Then, local currency

and inflation-indexed bonds can be a useful hedging against endowment risk.

e Discipline effects

The second line in equations (3.19), (3.20) and (3.21) captures wedges that are
introduced when the government lacks commitment. Under discretion, these expressions
are generalized Euler equations, which include partial derivatives of policy functions
with respect to debt due to time-consistency requirements. These partial derivatives
capture the effect of higher debt on bond prices. In general, the form of these auxiliary
functions, X(s;) and Z(s;), is unknown, which is why we need to use numerical
methods to solve the policy problem.

If the government cannot keep its promises, foreign lenders anticipate that higher
debt in local currency increases the government’s desire to introduce inflation and real
exchange rate depreciation surprises, and demand a higher return on local currency
bonds. Similarly, foreign lenders anticipate that higher inflation-indexed debt increases
government’s temptation to generate real exchange rate depreciation surprises, and
demand a higher return on inflation-indexed bonds.

I focus on one-period bonds (§ = 0) and assume that the endowment of tradables
is constant to analytically explore how the government internalizes the lower prices on

local currency and indexed bonds. The generalized Euler equations can be expressed
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in this case as (see derivation in Appendix 3.B.2):

[b:] : u;CcT,t = /BRU:H-ICCT,IH-I (1 + nc,tbt—l + mc,tb?_l)

- 7
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Dilution through RER
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Qi 176" 4, R Db
due to dilution

~
through inflation due to dilution
through RER
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~
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(3.25)

[be] - u;Copp = BRuUy, Cop it (1 + Neibi—1 + mc,tbf_l)

(. >

~
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1
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btnﬂ-’t+1ﬂ'bjt+1 (nc,tJrlbt + mc,t+1 bt ) r Dby
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(3.26)

[b?] : u;CcT,t = ﬁRunglCcT,tJrl (1 + nc,tbtfl + mc,tb?—fl)

J/

~
Dilution through RER

1
O(nusabis1+visabf,  +b7 )
o\ 1 t+4+20t+1 t+29%41 t+1
bing 11Ty~ 141 (net1be + M1l 7 a7
1+ +
M1 M1
Vv - ~ '
due to dilution due to dilution
through inflation through RER
~ TV

Discipline effect

(3.27)

where n; = (Wt,CT,t), my = (LCT,t); Npt = n7T<7TtacT,t)7 Netr = nc(ﬂ'tyCT,t) and Met =
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me(1, cpt). The term that captures the dilution through real exchange rate is common
to (3.25), (3.26), and (3.27). This concept was explained above when analyzing the
FOC for tradable consumption, and refers to the fact that when rising one additional
unit of good with debt, consumption of tradables increases by 1/ (1 + negbi—1 + mc,tbffl).
The term that captures the discipline effect reflects the higher returns demanded by
the foreign lenders as a consequence of the ex-post incentives for the government
to dilute the real value of local currency and inflation-indexed debt. When the
government issues bonds in local currency, it is tempted to inflate away its real value
by generating surprise inflation. The term that captures the discipline effect related
to the dilution through inflation depends on the reduction in debt repayment in local
currency, nr.+1b; (common for all types of bonds), and on the sensitivity of the
optimal inflation to the type of bond considered, my« 41, Tpiy1, Tpr 1. Moreover,
when the government issues bonds in local currency or indexed to inflation, it is
tempted to dilute their real value by depreciating the real exchange rate. The term
that captures the discipline effect related to the dilution through real exchange rate
depends on the reduction in debt repayment in local currency and inflation-indexed,

Net+10t+Me 11107 (common for all types of bonds), and on the sensitivity of future debt

(nt+2 b1 +veyobl, +bi ) 3(nt+2 bet1+vey2bl, +b7 )
b7 ; Db, ;

. . . 1o}
choices to the current choice of bond considered,

a(nt+2 bet1+veq2biy by )
o7 :

To summarize, from analyzing the FOCs for consumption and inflation we conclude
that, under discretion, there is a real exchange rate depreciation and an inflation bias.
With local currency and indexed debt, the government has an incentive, ex-post, to
depreciate the real exchange rate to dilute the real value of these type of bonds.
Similarly, with local currency debt, the government has an incentive to increase
inflation to reduce the real value of this type of debt. Looking at the FOCs for each
type of bond, we first observe that local currency and inflation-indexed bonds are

useful instruments to smooth tradable consumption. As nominal and real exchange
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rate are negatively correlated with tradable endowment, the real value of their payoffs
go up in “bad times”, providing hedging against tradable endowment risk. Finally,
we note that foreign investors anticipate the ex-post incentives of the government to
generate surprise inflation and real exchange rate depreciation, lowering the price for
local currency and inflation-indexed debt. The government takes this into account,
and chooses a lower amount of debt in local currency and indexed units than it will

choose under commitment.

3.5 Quantitative Analysis

In this section I calibrate the model to match the average Latin American country
in the sample and two particular countries: Peru and Uruguay. I use the quantified

model to offer potential explanations for the differences between countries.

3.5.1 Calibration

Before moving to the calibration of the model, we need to make some assumptions.
One period corresponds to one year. The period utility function takes the following

form

(k)™
u(ere, eny) — Um) = T’t1+ta — %(7‘(,5 — 7T)2 (3.28)

where « is the share of tradables in aggregate consumption, o corresponds to the
coefficient of risk aversion, 1, is the parameter that governs the disutility of excess
inflation, and 7 is some benchmark inflation rate.

The process for the tradable endowment is assumed to follow an AR(1) process
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in logs

log yrs = pylog yri—1 + &, (3.29)

where ¢, ~ N (0, ajT).

Additionally, T introduce a quadratic cost for the issuance of bonds, which is
meant to capture the distortions not discussed in this paper. The introduction of
foreign currency bond issuance costs is extensively used in small open economies,
see Schmitt-Grohé and Uribe (2003). S. Liu, Ma, and Shen (2021) incorporate local

currency bond issuance costs. I am extending this approach to inflation-indexed

bonds. Then, the resource constraint becomes:

-« T
Crt bi—1 i l—abtfl

Tt

*
cry = Yry — by —
Ty

1 1 1 by 1 1
b g0 =) + B X)) (b= 0" ) 4+ LB (Z(sn] 07— )

R—¢ Tt R
1 _\? 1 by -\’ 1 v~ 1\’
e () -2 (B 2 -8) -2 (160 L - 5)
(3.30)

where s; = (b’%l, bt;, b?;l , yT,t>. The FOCs of the calibrated model are described in
Appendix 3.B.3.

The calibrated parameter values are summarized in Table 1. The risk aversion
coefficient, o, the share of tradables in the consumption aggregator, «, the international
risk-free interest rate, R, and the cost of inflation, v, are taken from Ottonello and
Perez (2019). These parameters are used to calibrate the model for the average Latin
American country as well as for Peru and Uruguay. Following their work, the risk
aversion coefficient is set to 5, which is within the upper values considered in the

macroeconomic literature and in the lower values considered in the finance literature.

The share of tradables in the consumption aggregator is set to 0.5, which is similar
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Table 1: Calibration for the average Latin American country

Description Parameter Value Source/Target

From literature:

Risk aversion o 5

(T]Toz(tiibflfn?i};i?irin utility 75; 70 '058 Ottonello and Perez (2019)
Risk free interest rate R 1.04

Nontradable endowment YN 1 Normalization

Calibrated to fit targets:

Discount factor I} 0.960 Average external debt = 17%
Benchmark inflation T 1.043  Average inflation = 1.049

Decay rate of bonds ) 0.89  Average debt duration = 7.0
Autocorrelation of yr Pyr 0.53  Estimation, data tradable output
Standard deviation of yp Oyr 0.03 Estimation, data tradable output
Cost of issuing bonds Uy 0.065 Same across types of bonds

Target of FC bonds B* 0.22  Average share of FC bonds = 67%
Target of LC bonds B 0.10  Average share of LC bonds = 27%
Target of indexed bonds B~ 0.01  Average share indexed bonds = 6%

Table 2: Calibration for Peru and Uruguay

Value
Description Parameter Peru Uruguay Target

Calibrated to fit targets:

Discount factor 15} 0.961 0.953 Average external debt = 14%, 31%
Target of inflation T 1.023 1.063 Average inflation = 1.028, 1.076
Decay rate of bonds ) 0.90 0.95 Average debt duration = 7.5, 10.6
Autocorrelation of yp Pyr 0.40 0.71 Estimation, data tradable output
Standard deviation of yr Oyr 0.02 0.03 Estimation, data tradable output

to the value used by S. Liu, Ma, and Shen (2021) (0.4). The international risk-free
interest rate, R, is set to 1.04, a standard value in the literature. The cost of inflation
is set to 7.08. The level of nontradable endowment, ¥y, is normalized to one.

The remaining parameters are calibrated to match moments in the data, considering
the period 2005 (or latest available) to 2019. The calibrated parameters for Peru and
Uruguay are displayed in Table 2. The discount factor, (3, is calibrated to target
an average stock of external sovereign debt of 17% of GDP for the average Latin
American country in our sample. For Peru and Uruguay the targets are 14% and

31%. The calibrated values are 0.960, 0.961 and 0.953, respectively. The benchmark
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rate of inflation, 7, is chosen to match the average inflation rate, which for the
average country in the sample is 4.9%, for Peru is 2.8% and for Uruguay is 7.6%.
The calibrated values are 1.043, 1.023 and 1.063, respectively. The decay rate of
bonds, ¢, is chosen to match the duration of bonds, which is 7 years for the sample
average, 7.5 for Peru and 10.6 for Uruguay.* The calibrated values are 0.89, 0.90, and
0.95, respectively. The process for tradable endowment is estimated with annual data
on tradable GDP (agricultural and manufacturing sectors) for the period 1990-2019
for the panel countries analyzed in section 3.2. The data of tradable GDP was
detrended using a log-linear trend. The parameters that govern the bond issuance
cost, 1y, B*, B, B™, are calibrated in the following way. 1, is set to 0.065, chosen
to be relatively small but at the same time accommodate the cases of Peru and
Uruguay.® B*, B, B™ are chosen to match average foreign currency, local currency
and inflation-indexed shares in the average Latin American country, which are %67,
23% and 6%, respectively. The calibrated values are 0.22, 0.10 and 0.1, respectively.

For this model, the equilibrium policy functions cannot be computed and the
model’s steady state is endogenously determined as part of the model solution, so
it is a priori unknown. Therefore, we cannot solve the model using a perturbation
around the steady state. Following the solution method used by Bacchetta, Wincoop,
and Young (2022), I use the Taylor projection method developed in Levintal (2018)
to solve this problem. This involves approximating the solution locally at various
nodes of the state space, and then combining these local solutions to form the global

solution. (See brief description of the solution method in Appendix 3.C)

3.5.2 Numerical Results

Table 3 summarizes the data and model moments, calibrated for the average

4Total debt duration obtained from the ministry of finance of each country, and IMF’s Article
1V for Brazil.

5When adjusting 8 and § to match the average debt-to-GDP ratio and duration of each country,
we need to remember that 0 < § < 1.
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Latin American country (LAC), Peru and Uruguay. To compute the model’s moments
I simulate the exogenous stochastic process for tradable endowment for 100,000
periods, and discard the first 10,000 observations. Average level of total sovereign
external debt to GDP and average inflation rate match the data counterpart, since
there are targets of the calibration. Similarly, the currency composition of the external
sovereign debt matches the data for the average Latin American country. However,
when analyzing Peru and Uruguay I keep the parameters that govern the bond
issuance cost, 1, B*, B and BT, as calibrated for the average country in the sample.
In the case of Peru, a smaller sovereign external debt-to-GDP, lower inflation rate and
slightly higher bond duration relative to the average Latin American country lead to
a smaller share of inflation-indexed debt and a larger share of foreign currency. On
the contrary, in the case of Uruguay, a larger sovereign external debt-to-GDP, higher
inflation rate and debt duration relative to the average Latin American country result
in a larger share of inflation-indexed debt and a smaller share of foreign currency debt.
The model predicts a 0 percent average share of inflation-indexed debt in the case of
Peru, as observed in the data. For Uruguay, it predicts a 19 percent average share of
inflation-indexed debt, close to the 16 percent observed in the data. Nevertheless, the
model overestimates the observed share of foreign currency debt (and underestimates
the share of local currency) in the case of Peru, and underestimates it in the case
of Uruguay (and overestimates the share of local currency). The model correctly

predicts a strong and negative correlation between exchange rate, nominal and real,

and GDP.
¢ Role of Average Debt, Duration and Inflation Costs

To analyze these results, I consider the effect of each parameter individually.
Figure 2 plots the outcomes for key parameters, considering the model calibrated
to the average Latin American country as the baseline. An increase in the discount

factor, £, all other things being equal, reduces the average external sovereign debt-to-GDP
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Table 3: Numerical Results

LAC Peru Uruguay
Moment Data Model Data Model Data Model
Average Level
Debt to GDP 7% 1% 14% 14% 31%  31%

Share of debt in FC 67% 67T% 66% 4%  82%  53%
Share of debt in LC 27% 27% 34% 26% 2% 28%
Share of indexed debt 6% 6% 0% 0% 16%  19%

Inflation 4.9% 4.9% 28% 2.8% T7.6% 7.6%
Correlation with GDP

Inflation -0.05  0.27 0.50 0.36 -0.51 -0.01
Nominal exchange rate -0.52 -0.75 -0.65 -0.68 -0.83 -0.89
Real exchange rate -0.52  -0.80 -0.67 -0.74 -0.90 -0.92

ratio. As analyzed in subsection 3.4.2, lower local currency and indexed debt levels,
result in smaller hedging benefits, given the negative correlation between exchange
rate, nominal and real, and tradable endowment. But at the same time, this reduces
the government incentives to dilute the value of the debt ex-post through inflation
and real exchange rate depreciation. This makes the extra return on local currency
and inflation-indexed bonds required by foreign lenders smaller, and their prices
higher. Additionally, as debt decreases so does the cost of issuing bonds introduced
in subsection 3.5.1. As a result of balancing these benefits and costs, the share of
inflation-indexed debt decreases when [ increases, the share of foreign currency debt
increases, while the share of local currency debt remains stable.

An increase in 4, all other things being equal, translates into an increase in
debt duration.® As discussed in subsection 3.4.2, a larger duration increases the
hedging benefits provided by local currency and inflation-indexed bonds, when there
is a negative correlation between exchange rate, nominal and real, and tradable
endowment. At the same time, a higher duration increases the benefits from diluting
debt through surprise inflation. Therefore, the required return on bonds in local

currency increases, and their prices decrease. As a result of balancing these benefits

6As mentioned in the model section (3.3), duration is given by (1 — 8p)~L.
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Discount factor, 3

Duration, §

100% 30% 100% 18%
80% 1 80% r
| 25% 116%
60% 1 60% 1
40% I H 20% 40% 1 1149
20% T 20% r
H15%
0% 0% 12%
0.954 0.955 0.956 0.957 0.958 0.959 0.96 0.961 0 0.2 0.4 0.6 0.8 1
s )
Inflation benchmark, 7 Inflation cost, ¥,
100% 17.2% 100% 18%

80%

80%

117% 17%

60% 60%
H 16.8% 16%
40% | 40%
- X+ O,
20% | 16.6% 20% 15%
0% 16.4% 0% 14%
1.02 1.03 1.04 1.05 1.06 1.07 1.08 1.09 1. 2 3 4 5 6 7 8 9 10 11 12 13 14
T I Foreign currency M Indexed [
[ Local currency Debt-to-GDP (rhs)

Figure 2: Currency composition (left-hand side axis) and average external
debt-to-GDP (right-hand-side axis) for different parameter values. Except for the
parameter subject to change, the calibration corresponds to the average Latin
American country.

and costs, when ¢ rises, the share of local currency increases and the share of foreign
currency debt decreases. For 6 > 0.5, i.e. duration larger than 2 years, as J increases
not only the share of local currency increases but also the share of inflation-indexed
debt. Moreover, when duration increases, so does the average debt-to-GDP. Same
logic applies as for a reduction in (.

Increases in inflation costs are governed by 7 and 1, and affect the inflationary
bias and the price of bonds, as explained in section 3.4.2. All other things being
equal, the larger the inflation costs, the smaller the incentives for the government to
generate ex-post inflation, and higher the price of bonds denominated in local currency
(given the smaller extra return demanded by foreign lenders). Quantitatively, a rise
in the inflation benchmark, 7, does not alter currency composition and it slightly
reduces average debt-to-GDP ratio. An increase in 1, reduces the share of foreign

currency and inflation-indexed debt, boosting the share of local currency bonds. This
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Table 4: Numerical results changing one parameter at a time with LAC as the baseline

Debt to . Average Inflation
LAC GDP Duration inﬂatif);n cost

Moment Baseline 14% 31% 7.5y 10.6y 2.8% 7.6% 1.8 28.3
Average Level
Debt to GDP 17% 14% 31% 1% 17% 1% 17% 1% 1™%
Share of debt in FC 68% 3% 53% 6% 67% 67% 68% 2% 66%
Share of debt in LC 26% 26% 28% 2% 2% 2% 26% 15%  30%
Share of indexed debt 6% 1% 19% 6% 6% 6% 6% 12% 5%
Inflation 4.9% 4.9% 4.9% 4.9% 4.9% 2.8% T7.6% 4.9% 4.9%
Correlation with GDP
Inflation 0.27 0.30 0.15 028 030 0.29 026 0.34 0.18
Nominal exchange rate -0.75 -0.74 -0.77 -0.75 -0.76 -0.75 -0.79 -0.75 -0.76
Real exchange rate -0.80 -0.79 -0.81 -0.80 -0.81 -0.80 -0.74 -0.80 -0.78

effect gets smaller as v, increases. Additionally, the larger 1, , the larger the average
debt-to-GDP ratio. Same logic applies as for a reduction in .

Table 4 presents the numerical results changing one parameter at a time using
the calibrated values for Peru and Uruguay. The first column refers to the results
for the average Latin American country. Columns 2 to 3 show the effect of adjusting
the calibration to match the average debt-to-GDP, duration and inflation rate of
Peru and Uruguay. Even though each parameter has different effects on the currency
composition, as noted in figure 1, in the case of Peru and Uruguay, the difference in
the share of inflation-indexed debt is explained by the debt-to-GDP ratio. Column
4 introduces changes in the inflation cost parameter 1., considering costs 2.5 times
higher and smaller than the baseline. All other things being equal, the higher the
inflation costs, the smaller the share of foreign currency and inflation-indexed debt.
As inflation gets more costly, the incentives for the government to dilute the value of
outstanding local currency debt get reduced. This lowers the extra return demanded
by foreign lenders, and increases the price of local currency bonds. Therefore, the
government can benefit from the hedging properties of local currency bonds, without

paying a much higher return on them.
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3.6 Conclusion

This chapter examines empirically and theoretically the role of inflation-indexed
sovereign external bonds as an additional policy tool for the government. I build a
dataset on foreign holdings of government debt distinguishing between local currency,
foreign currency and indexed bonds. In Latin American countries, the reduction in the
external debt denominated in foreign currency experienced in the last two decades lead
to an increase in the share of local currency debt. Inflation-indexed bonds represented
a small fraction, with the exception of Uruguay.

I develop a model of optimal time-consistent monetary policy and choice of debt
denominated in foreign currency, local currency and inflation-indexed units. The
choice of debt currency denomination balances hedging benefits and costs derived
from discipline effects, due to the ex-post incentive to dilute the real value of local
currency and inflation-indexed bonds. I calibrate the model for the average Latin
American country in the sample, Peru and Uruguay. According to the model, a larger
debt-to-GDP ratio, longer debt duration and lower inflation costs encourage more
borrowing in inflation-indexed bonds and can explain the larger share of inflation-indexed
debt in Uruguay compared to other Latin American countries.

I leave for future research studying the optimal decision of debt duration and
distortionary taxes. Over the last decades, duration has increased in Latin American
countries, and exploring its brake-down by type of bonds can introduce interesting
considerations for optimal policy. Distortionary taxes introduce an extra cost to
altering intertemporal consumption decisions, and will affect hedging benefits and
costs derived from dilution incentives. These two considerations are analyzed by
Leeper, Leith, and D. Liu (2021) in a close economy framework, and it would be

interesting to extend the analysis to an open economy.
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Appendix

Appendix 3.A Description of the Data

e Brazil. Foreign holdings of sovereign debt correspond to Federal Public Debt
issued in domestic markets and held by nonresidents and debt issued in international
markets, which is assumed to be held by nonresidents. The information was
obtained from the annex of the monthly public debt report, elaborated by the
National Treasury. For debt issued in international markets, data is available
since January 2004. For debt issued in domestic markets, data is available
since December 1999. However, its decomposition by bond-holder is available
since January 2007. To obtain the information by bond-holder and currency
denomination I created a dataset based on the information included in the

monthly public debt reports, available since January 2011.

e Colombia. Foreign holdings of sovereign debt correspond to Central Government
External Debt issued in domestic markets and held by nonresidents and debt
issued in international markets, which are assumed to be held by nonresidents.
For debt issued in domestic markets, the information was compiled based on
Domestic Debt Profile Treasury Securities Reports, elaborated by the Ministry
of Finance. I could gather this data since January 2010, but there is a discontinuity

from January 2016 to December 2018. For debt issued in international markets,
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the information was obtained from the historical Central Government debt data,

elaborated by the Ministry of Finance, and it is available since June 2001.

e Mexico. Foreign holdings of sovereign debt correspond to Public Sector Debt
issued in domestic markets and held by nonresidents and debt issued in international
markets, which is assumed to be held by nonresidents. The data about debt
issued in international markets was obtained from the Federal Public Sector
debt statistics elaborated by the Ministry of Finance since January 1990. The
information about debt issued in domestic markets held by nonresidents was

obtained from the Central Bank of Mexico, since January 1991.

e Peru. Foreign holdings of sovereign debt correspond to Non-Monetary Public
Sector. Information about debt issued in international markets was obtained
from the Public Debt Statistics elaborated by the Central Bank of Peru available
since the first quarter of 1999. For debt issued in domestic markets, I constructed
a dataset based on the Sovereign Bond Holding Reports elaborated by the
General Directorate of the Public Treasury, Ministry of Economy and Finance.

Information by currency was available since the first quarter of 2013.

e Uruguay. Foreign holdings of sovereign debt correspond to Non-Monetary
Public Sector. Debt held by nonresidents was obtained from the Central Bank
of Uruguay, available since the last quarter of 1999. To distinguish between
local currency and inflation-indexed debt I assume that external debt (60% of
total debt) is split as total debt. Before 2012 there was no debt denominated

in local currency, not issued in domestic nor international markets.

In all possible cases I verify that the data is similar to Arslanalp and Tsuda (2014).
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Appendix 3.B Optimal Policy Derivations

3.B.1 Optimal Policy under Commitment and Discretion

Commitment

When the government can commit to future policies, the Lagrangian for the

policy problem is given by

L = E Zﬁt {u(C(crg,yn)) — U(my)

cr R
+A [yT,t —Cry— N <7Tt, Y ) (1 + 5Qt)bt 1— N (1 y_> (1 + 5Qt )b? 1 R 5b2k—1
N N -
CTy 1
1 b by + ——0b;
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e § Qr — E—CEt [n <7Tt+1a £> (1+ 5Qt+1):|
n (17 ﬂ) Yn
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1 1 C
w0 = B o (1.525) (14 067,
n <1’ ﬂ) YN
YN
(3.31)

By committing to an entire path of policy instruments, the government is able to

influence expectations in order to improve the policy trade-offs they face.
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The resultant set of FOCs are given by
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Discretion

The Lagrangian for the policy problem under discretion is given by

L =u(Clery,yn)) — U(me) + BE[V (s141)]
* ¢ > C s s 1 * *
+ M {yT,t —Cryt — bt_l —n <7Tt7 ﬁ) bi_1—n (L ﬁ) bt—l + m (bt - 5bt—1)

+}%Et |:X(5t+1> (bt - 5E) + Z(s141) (b] — 5b?1)] } (3.33)

U

where the model equilibrium also involves the bond prices definitions given by (3.15)

and (3.16).

The FOCs for the policy problem are

N N
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s = ) = e (70 ) < OB sl bt =0

s 85 el (14 25

A {ﬁ T }%Et[)(b*(stﬂ)] (bt - 5%) + %Et[zb*(swrl)] (o7 — 55?—1)} =0
b = BE A1 X (s14)]
- At% {E[Xb(StJrl)] (bt - 6b;—‘tl) + Ey[Zy(se41)] (b — 0b7 1) + Et[X(stH)]} —0

7] 2 BE [M41Z(5141)]

1 b
— Atﬁ {Et[‘)(b“(st—i-l)] (bt — 5;—1) + Et[Zbﬂ(St+1)] (b;r — 5()?_1) + Et[Z<St+1)]} =0
t
(3.34)
Note that from the FOC with respect to consumption we obtain:
/
A w(ct)Copt (3.35)

1+ ne(m, cT,t)bt_1 + n.(1, CT,t)bﬁl
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3.B.2 (Generalized Euler Equations

The trade-offs associated to the government choices arise from the analysis of the fist
order conditions. Define C(b}, b, b7), P (b5, by, bF ), B*(b;, by, bT ), B(b, by, b7 ), B™ (b, by, bY)
the expected tradable consumption, inflation, and debt policies in foreign currency,
local currency, and inflation-indexed units, respectively. In equilibrium, these expectations
are consistent with optimal policies. Without loss of generality we set yy = 1, and
assume yr is constant. The recursive government problem can be expressed as

V(b;_y,0e-1,07 1) = max u(C(cre, 1)) —Um) + BE [V (b;, b, bF)]  (3.36)

cr,,mt,b5 by ,bf

subject to the household’s budget constraint (3.3), the government’s budget constraint
(3.5) after using bond prices (3.6-3.8) and the inverse of the nominal exchange rate

function (3.10):

1
—yry — cry — by —n(m,erg) b —n (1, cr) b + Eb:
1 (3.37)

+ EEt [n (P(bta bgv b:)vc(bh bga b:)) bt +n (LC(bta b?, b:)) bﬂ =0
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The FOCs of this problem are given by

[Ct] . u/(Ct)CCT7t = )\t + Atnc('ﬂ't’ CT,t)bt—l + Atnc(]_, CT,t>b?_1 (338)
[ﬂ-t] . —l/(ﬂ't) = )\tnﬂ—(ﬂ't, CT,t)bt—l <339)
. TP _ 1 a[n (,P(btvb?’b:)7c(btvbgvb;§k>)bt] on (1vc(bt7b17ﬁr7br)) T
[be] = BVy(by, b7, b7) = )\tﬁ { ab, + ah, by
(3.40)
1 on (P<bt7bz&rvbr)wc(bhb??br)) a[n(lac(btvb?7b;€k)) bzﬂ
by | : (b, b7, 0f) = —N—= b
7] BV Ot ) = A { o o A0
(3.41)
. . 1 On (P by, b7, b7), Cby, b7, b)) On(1,C(by, bF,b5))
[b7] : BVi(be, b, by) =—Mp [1+ L c“;b;k 2L tlh 8bt;‘ D
(3.42)
and the envelope conditions are
[be—1] : BVi(be—1, b7, b;_1) = —An(T, o) (3.43)
[bg—l] : BV (bt—la b?—l? b:—l) = _)‘tn(L CTﬂf) (344)
[bi_1] = BVie (be, b7y, by_y) =—X\ (3.45)
Then
I Cc
A wlcr)Clor.t (3.46)

14+ Ne(Ty, e )bi—1 + ne(L, ery)bFy
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Combining (3.46) with the envelope conditions we obtain three Euler equations:

O[n (P(by, bF,b7),Cbe, b7, b)) by On (1,C(by, b7, b))
 { P PO )LL) | RO 1) i crn)

ob; Ob;

(3.47)

/\t an (P(bt>bt>bt)7rac<bt7bt>bt))bt+ 8[”(1ac(btaftabt)> bt] — BR)\t+1n(17CT,t+l)

b b

(3.48)

T % T L% 1 T Ik

/\t |:1 + an (P(bt’bt’gtb),,:C(bt’bt 7bt))bt + 8”( ’C(f(;;t*’ btabt))bzr} — BRAH-I (349)

t t

The price sensitivity of debt can be calculated. The resource constraint of this

economy at t 41 is

1
C(bt7 bg? bf) —Yri+1 — 1 (P(bta b?? b;‘/k)?C(bta b?a b:)) be—n (LC(btu bg? b:)) bzr - b: + EB*G)IH bg? b:)
1
+ EEt [n (P(B(bta b;rv b:fk)’ Bﬂ(bt’ b?? b:)v B*(btv b?’ b;))v
C(B(btvbgvb:)vBﬂwtvbg7br)78*(bt>b?7b:)))B@t?b??b:)]

1
+ EEt [n (17C<B(bt7 b?? b:)7 Bﬂ(bta b;rv b:)7B*(bt7 b;r7 b:))) Bw(btv b?? b:)] =0

To simplify notation define

n(Tev2, Cre2) b1 + (L, ere2) b + by =
n (P(B<bt7 b?? b:)a Bﬂ(btv b?’ b:)» B*(bt7 bfa b:))v C(B(bt7 bg? b:)’ Bﬂ(bt’ b?? b:)a B*(btv b?’ bf))) B(bt7 bf; b:)

+ 0 (1,C(B(by, b7, b)), B (by, b7, 1), B (by, b7, b)) BT (by, b7, b7) + B (by, b7, b))

(3.50)
Differentiating the resource constraint at ¢t + 1 with respect to b;, b and b;:
IC(by, b7, b;) — On (P(by, b7, b;), C(by, b7, 7)) be] 071(1,C(bt,b,?,b,’;‘))b7r
= t

b, b, b, (3.51)

1 0[n(mit; oras2) b + n(l, orgs2)biyy + 074]

R b,
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GC(bt,bZJ?bz‘) on (P(btabgvbzt)?C(bt:b;rab:))

—_ _ bt o a[n (LC(btab?a b:)) b?]

b7 b7 o7 552)
1 0[n(mir2; orese)bivr + n(l, orgs2)biyy + 074]
R o7
OC(by, b7, by) _ On (P (b, b7, b7),C(bs, b, b)) on (1,C(by, b7,05)) . .
* - * bt o * bt -1
a0, ab; ab; 553)
1 0[n(mir2; ores2)bisr + n(l, ergs2)biyy + 074]

R ob;
Applying the chain rule to the first two terms of the previous equations

a[n (P(btv b?’ b:)7c(btv b?? b:)) bt]

= n (P(by, bF, b7),C(by, bF, bY))
b,

+ byng (P(be, b, b)), C(by, b7, bf)) Py (by, b, b5)

+ byne (P(be, b7, b5),C(be, b7, b7)) Cp(by, b, bf)

(3.54)
on (17 Cg;)t; bt ) bt)) = n, (1’ C(bt, b?? b:)) Cb<bt7 bg b;‘) (3.55)
t
on (P(bt, bt 722176((?& bt ) bt)) —n, ('P(bt, b;f’ b:))C(bt’ b;r’ b:)) Py (bt, b;r, b:)
¢ (3.56)

+ N (P<bt7 bg7 bzﬁ)a C<bt7 bg? bZ)) Cb7T (btv b?’ bf)

Oln (L, C(be, b7, b})) bF]

obr =n (17C(bta b;ra b:)) + b;rnc (17 C(bt7 b?7 b:)) Cb” (bt’ b;r’ b:)
t

(3.57)
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on (P(bt7 b;rv b:)a C(bta b?, b:))

ai; = e (P{bu . 1), CL00, 7. ) Poe (b, 7. 1)
t (3.58)
e (PLbi B B), €0, B)) G (b, . )
On (1,C(by, b, b . i
LCOLI) e (1,0000,07.,)) G (0,7 7) (3.59)
t

To obtain the Euler equation for debt in local currency, we first combine equations

(3.51), (3.54) and (3.55)

Oln (P(b, bF, b5),C(by, b7, b)) by]  On (1,C(by, b7, b))
_|_
3bt abz‘,

n (P(bt, bg, b:),C(bt, b;r, b:)) + btnﬂ- (P(bt, bg, b;),C(bt, bg, b:)) Pb(bt, bg, b:)

by =

+ bne (P(by, b7, b)), C(by, by, b7)) Cop(by, b7, b)) 4 bfne (1,C(by, bF, b)) Co(by, b7, bf) =
n (P(bt, b;r, b:),C(bt, b;r, b:)) -+ btnﬂ- (P(bt, b;r, br), C(bt, bg, b:)) Pb(bt, bg, b:)
+ [btnc (P(btv b;rv b:)vc(btv bgv b:)) + bgnc (17C(bt> bzrv b:))] Cb<bt7 b?a br) =

n (P(bt, bg, br),C(bt, b;r, b:)) + btnﬂ— (P(bt, bg, br), C(bt, bg, br)) Pb(bt, bg, br)

* T % T T 7% anPb7bﬂ—>b*7Cbabﬂab* b
e (P B, 55). €L, 50) + e (1,00, b7, b)) 2P OB OB B
t
8m(C(bt,b?,b§))bﬂ
ob, t
10 b 1 br bf
e (P 07 ), b b)) - ez 2l 20l el 4 B
R Ob,
b 1 br b¥
B (1€ b7 1) gy 2 et i L
t

- [btnc (P(bta b?> b:)a C(bt? b?, b:)) + b?nc (17 C(bt’ bg, b:))]

(3.60)
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Rearranging terms we get

n (P(by, b7, b5),C(b, bF, 7)) by n on (1,C(by, b7, bf))

(%t abt
1

b, b7, b7),C(bs, b, b}
1+btnc (P(bt,b?,b?),C(bt,b?,b?))+bgnc (1,C(bt,b?,b:>> {n(P( ty Yt t)? (ta to t))
+bing (P(be, b7, 7)), C(be, b7, 07)) Po(by, b7, b7)

0y =

10 , b 1, bT b*
+byn, (P(bt,b§7br>,c<bt,b§,b:)>E Tz cria)le, g: el 2R
t

10 b 1 br b¥
5me (1,C by, b, b)) £ ATz erasa)ben + 0l erea)bh t+1]}

R b,

(3.61)

Finally, we substitute this equation into (3.47), to obtain (using (3.46)) the modified

Euler equation for debt in local currency

U/(Ct)CcT,t _ BR u/(ct+1)CCT7t+1
L+ ne(me, ere)be—1 + ne(1, e )bf 4 L4+ ne(mig1, cres1)be + ne(1, cppy1) b7

oln (P(bg, b7, b5),C(by, bT,b5)) b
”(Wt+1,CT,t+1){ n (P(bs, b t8>b (be, 07, 07)) b
¢

+8n (LC(bta b?a b:))bf o
b,

= BRU,<Ct+1)CcT,t+1
1

A n(t+2)bgqq+m(t+2)bT, | +bf
btn,r(t+1)ﬂ-b(t+l)+[btnc(t+l)+b§'mc(t+l)]%[ o P i
n(t+1)

1+

(3.62)

where m(t) = n(1, cry).
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So

UQCCT,t = BRU;+1OCT¢+1 (1 + ncT,tbt_l + mcvtbf_l)

N

~
Dilution through RER

1 (3.63)

A ngqobiy1+meyodl, | +bf
1 i1t
beng t41mp ¢ 41+ (betnep, t41+0T Met+1) & ( I )

1+

N1

Vv
Discipline effect

where, to simplify notation, f(x:,y:) = f; and Of (¢, yi)/0xr = fus-

To obtain the Euler equation for inflation-indexed debt, we first combine equations
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(3.52), (3.56) and (3.57)

on (P(bbb?’b;fk)ac(bhb?»bz‘))bt+ a[n(l,C(bt,b?,bI)) b?] _

b7 by
btnﬂ (P<bt7 bg’ b:)7 C(btv bg? b:)) wa (bt7 bg’ b:)

+ byne (P by, 07, b7), C by, 07, b)) Com (br, b, 07)

+ 1 (1,C(by, b7, 7)) + b7 (1,C(by, O, b7)) Com (b, O, 1) =

binr (P(be, b7, b7), C by, b7, b7)) Poe (by, b7, b7) + 1 (1,C(by, b7, b))

+ [bine (P(be, 07, b;), C (01, b, 7)) + bfne (C(be, 7, b)) Com (b, 07, b)) =

btnﬂ' (P(btv bf, b:)v C(bta bgv b:)) Pb” (bta bf, b:) +n (17 C(bta b?’ b;fk))
On (P (b, b7, b7),C(be, b7, b7))
by
a[n (17 C(bt’ b?? b:)) b?]
by
la[”(ﬂwzj cr,42)bir1 + (1, erpp2)bl ) + )y ]
R ab7
1 0[n(mis2, ergs2)bisr + (L, erg2)biyy + 0744
R b7

bing (P(by, b7, b7), C(by, by, b7)) Pyr (by, b, b)) + n (1,C(by, b, b))
¢ +
by o7

_ [b;'rnc (LC(bt; b;r, b:))] {871 (P(bta bt 721})2: C(bt) bt ) bt))bt + a[n (17 C(lgéft 7bt)) bt] }
t t

— [bine (P(be, b7, 07), C(be, bF, b)) + by n.. (1,C (b, b7, b} ))] b,

- [btnc (P(bt7 b?7 b:)v C(bt’ b?? b:)) + b?nc (17 C(bt7 b;rv b:))]

+ [btnc (P(bta b?a b:)a C(bt> b?a b:))]

+ [bfnc (]‘7 C(bt7 b;ra b:))]

- [btnc (P(bh b?a b:), C(bt? bg? b:))] {

10 b 1 br b*

o [bene (P(br, b7 07), C01, b7 7)) LG B LA ;ji( 12l + b
t

1 0[n(my2, crer2)bisr + n(1, orer2)blyy + b7 ]

R obr

+ [b?nC (17 C(bt7 bzra b:))]

(3.64)
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Rearranging terms we get

on (P<bt7 bg? b:>7 C(bt7 b;rv b:)) b, + a[n (17 C<bt7 bg? bf)) b;r]
by ! obT
B 1
1 + btnc (P(btv b?, b?)a C(bt> bg: b?)) + bgnc (LC(btv b?’ b?))
{binz (P (b, b, b)), C(by, b7, bf)) Py (by, 0, b7) + n (1,C(be, bF, b))
1 0[n(mit2, orps2)brsn + (1, erps2)blyy + 074]
R b7

10 b 1 b7 b*
+ e (1,€ (00, b7 50)) In(mer2; or2)bees ggff oree )b & t“]}
t

+ [btnc (P(bh b;ra b;ik)’ C(bt7 bg7 b:))]

(3.65)

Finally, we substitute this equation into (3.48), to obtain (using (3.46)) the modified

Euler equation for inflation-indexed debt

' (ct) Coep — 3 W (1) Cop st
1+ ne(me, ere)be—1 + ne(1, cre)b7_, 1+ ne(mig1, erer1)be + ne(1, eppen )7

On (P(by, b7, b7, C(by, b7, b7
n(1, cris1) { (P, b atbzr (b, b t>>bt
t
Oln (1, C(by, b7, 7)) b7
+
b7
= ﬁR“/<Ct+1)CcT,t+1
1
bing (t+1)mym (t+1)+[btnc(t+1)+b?mc(t+1)]% 8[n(t+2)bt+1+Zb(£+2)b?+1+bi+1]
L+ m(t+1)
(3.66)
So
UQCCT,t - BRu;JrlOcT,t-l-l El + ncT,tbt—l + mc,tbzrflz
Dilution tlzgough RER
1 (3.67)
bmfr,t+17rb7r,t+1+(btncT,t+1+b?mc,t+1)%a<nt+2bt+1+:§g2b?ﬂ+bt+l)
Myt

J/

~
Discipline effect



134

Finally, to obtain the Euler equation for debt in foreign currency, we first combine

equations (3.53), (3.58) and (3.59)

On (P (b, b7, b7),C (b, U7, b7)) - 0n (1,C(bi, b, B7))
ob; ! ob;

+ btnﬂ- (P(bt, bg, b:), C(bt, b;r, b:)) Pb* (bta b;r, b;k)

14 b =1

+ bene (P(be, b7, b7), C(be, b, b;)) Cor (b, b7, b))

4 b0 (1,Cbe, 0, 5)) Gy (b, b7, b7)

= 14 bng (P(be, 07, b7), C(by, by, b)) Po (b, 07, bf)

+ [bene (P(be, b7, b7), C(be, 07, 7)) + bfne (1,C(be, b7, b7))] Co (be, b7, by)

= 1+ by (Pby, b7, b7), C(by, BT, 7)) P (by, 0T, b7)
on (P(btv b;rv b;fk>7 C(bta b;ru b:))
b;
an (]'7 C(bt7 6?7 b:))
by

— [btnc (P(bt, b?, b:), C(bt, bg, b:)) + bfnc (1, C(bt, b?, b:))] bt

- [btnc (P(bt> b?» b:)a C(bt? b?> b:)) + b?nc (1vc(bta b?a b:))] b"

- [btnc (P(bb b?: b:)v C(bt7 b?> b:)) + b?nc (1’ C(btv b;rv b;fk))]

1 0[n(mir2, orps2)brsn + (1, o)l + 0744]
R ab;

1 O[n(miya, criy2)berr + n(l, erppa)bi g + by

=1+ btnﬂ- (P(bt, b?, br), C(bt, bg, br)) Pb* (bt, bg, br)
on (p(btv b?, b:)v C(bt7 b?, b:)) b + on (17 C(bt7 b?a bf)) b
ob; ’ ob; t
on (P(bs, b7, b}),C(bs, bT, b})) on (1,C(bg, b7, b}))
1 b br
* ob; et ob; t
10 b 1 br b*
o [beme (P (b, 07 57), €00, b7, )] T2 oraa)ben g;f( Crae2)li + Vi
t
1 0[n(my2, crer2)bisr + n(1, orer2)blyy + b7 ]
R ab;

+ [btnc (P(btv b;rv b;fk)a C(bt> bga b:))]

- [btnc (P(bt> bga b:% C(bt7 bg? b;))] |:1 +

e (1, T, )] [

+ [bgnc (17 C(bta bzra b:))]

(3.68)
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Rearranging terms we get

on (P(bt,bf,b;‘),C(bt,bf,b;‘))b N on (1,C(by, b7, 7))
ob; ! ob;
B 1
1 + btnc (P(btv b?, b?)a C(bt> bgv b?)) + bgnc (LC(btv b?’ bf?))

{1 + bins (P(bb bga bZ)v C<bt7 b?? bf)) Pe (bt7 b?? b:)

1+

b

10 b 1 br b
o [beme (P61, b7 ), C (b, b7 5)))) (e, erev2)be g;f( ree2)Vi + bl
t
10 b 1 b7 b*
+ 7 (1, Clby, b7, )] 2T Cres2)ben g;f( Cresa)li ”1]}
t

(3.69)

Finally, we substitute this equation into (3.49), to obtain (using (3.46)) the modified

Euler equation for debt in foreign currency

U (ct)Copt

1 + nc(m, CT,t)bt—l + nc(l, CT,t)bgfl
. u'(CtH)CcT,tH
= BR _

L+ ne(mg1, crg1) b + ne(1, epq1) 7

On (P by, b7, b7),C(by, b7, b7)) . On(1,C(b, b7, b5)) )"

1 b bl
{ - ob; et ob; t
= ﬁRUI(CtH)CcT,tH
1
1 b D)o (£ 1)+ [yt + 1) + b (¢ 4 1)) L2 om0 7
(3.70)

So

UQCCT,t = 6Ru:‘,+1CCT,t+1 (1 + ncT,tbtfl + mc,tbgfl)

N J/

NV
Dilution through RER
1 (3.71)

O(ni42be1+miyobf, | +b; )
1 t+20t+1 t+209¢ 41 t+1
L4 b 1T g1 + (DiMep a1 + 0FMerin) 5 a7

J/
-

Discipline effect
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3.B.3 Calibrated model

Let s, = (b;ll, lA)t,l, Bfﬁl,yT,t) denote the vector of state variables, where Bt =b/a
and IA)? = 0] /a. The Lagrangian for the policy problem in the calibrated section is

given by

L =u(C(creyn)) — U(me) + BE(V (5141)]

11—«
C N ~
T, l—aim
b1 — Cry bi_4

+ N\ {ym —cry— b —

1 1 - by 1 s
+ﬂ(bt —obj_y) + 7L (X (St41)] <bt - 5%) +gE [Z(st+1)] (bt - 5[%71)

1 _\? 1 -\ 1 =\
(- B) -2 (B weelb-B) -2 (LElzen) i - 5) }

Q(s) clT_a%Etmsm)] (3.73)
Q" (s,) C;Q%Et[zwm)] (3.74)

and the process for tradable endowment (3.29).
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The first order conditions of the problem are

cradi T = A |1+ (1 - a)e® (% + Bﬂ) (3.75)
md(r—7) = A{C:Tr;al§+%E[X(s’)] %} (3.76)
b : BE [Vie (8)] = =X {ﬁ + %E[Xb*(s’)] (é’ . 5%) %E[Zb*(s’)] (B”’ . 5137?)
— (ﬁb*’ _ B*) ﬁ — % (%E (s i — B) }%E X ()]
—y (}%E 2(s)] b — Bﬂ) %E (2, (5)] éﬂ’} (3.77)
i BB = A {E[Xb(s’)] (8' - 5§> + BIZ)(s)] (57 = 07) + B[x(S))
o (FERENY - B) (FEXEN + 1B E))
_, (}%E 2(s)] b — B“) }%E 12,(s))] if"} (3.78)
i< B [Vir ()] = A {E[wa (5] (6’ - 5§> + B2 ()] (07 = 667 ) + BIZ()
—in (ERENE ~ B) 1 ()
4, (%E 2(s)) b — Bﬂ) (%E (2 ()] 57+ [Z(s’)]) } (3.79)

Appendix 3.C Solution method

This section describes the solution method used to solve the model described in section
3.3.

There are 4 state variables; three endogenous, b*, b = éb and b" = ébﬁ; and
one exogenous, yr (assumption: yy = 1). Let s = (b*, 13, l;”, yT> denote the vector of

state variables. There are 7 control variables: ¢p, m, b, 0, 0™, Q, Q™. Correspondingly,

there are 7 functional equations, defined by the set of FOCs, (3.76)-(3.79), the resource
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constraint (3.30), and the bond prices, (3.73) and (3.74), with

B[ ()] =
El(s)] =
B[ ()] =
B2 ()] =
E|Z,(s)) =

E[Z4(s)] =

a(l o)—1

o (57

e ocd e or’

&1~ 9Q(s)

(1= )= (1+0Q(s)) 575 — (72 (1+0Q() g + 0= g
-0 oo G - o sy G 4
(1- @f@;“ (1+0Q(s") gbi, - {;T) (1+0Q(s)) Sb -+ W - angw)
(1= )2 (14 6Q7(s)) 20 4 gy -2 2L )

(1 )= (1 4+0Q7() 2 4 a0 0L L)

(1—a)er' ™ (1+6Q7(s)) sbi, +5c’T”a%ZS,)

I approximate a linear policy function for each control variable and, following the

Taylor projection method developed in Levintal (2018), I set to zero all the functional

equations and their partial derivatives with respect to each state variables.

Thus, I

have a system of 35 equations (7 functional equations and 28 partial derivatives) and

35 unknowns (constant plus 4 coefficients corresponding to each state variable, for

each control variable). I first obtain a solution at one point of the grid using Ottonello

and Perez (2019) as a benchmark. Then, I simulate the exogenous stochastic process

for tradable endowment for 100,000 periods.



139

Appendix 3.D Analysis of additional parameters

In addition to the parameters analyzed in subsection 3.5.2, I consider the effect of
changing the risk aversion parameter, o, and the share of tradables in aggregate
consumption, «. Figure 3.D.1 plots these outcomes, considering the model calibrated

to the average Latin American country as the baseline.

Risk aversion, o Share of tradables, a

100% 17.1% 100% 35%

90% 90% | 130%

17% | 25%
80% 80%
| 20%
70% 70%
16.9% 15%
60% 60% | 0%

50% 16.8% 50% 5%
1 2 3 4 5 6 7 8 9 10 02 03 04 05 06 07 08 09
7 I Foreign currency [ Indexed @
[ Local currency Debt-to-GDP (rhs)

Figure 3.D.1: Currency composition (left-hand side axis) and average external
debt-to-GDP (right-hand-side axis) for different parameter values. Except for the
parameter subject to change, the calibration corresponds to the average Latin
American country.

On the left panel of Figure 3.D.1 we observe that both currency composition
and average external debt-to-GDP remain relatively stable for different levels of risk
aversion, . This affects the marginal utility of consumption, therefore affects the
hedging benefits (consumption smoothing), as well as the inflation and real exchange
rate devaluation incentives. In this numerical results we observe that these benefits
and costs get almost offset.

On the right panel of Figure 3.D.1 we observe that as « increases, there is a slight
increase in the share of foreign currency and inflation-indexed debt, to the detriment
of the share of local currency debt. Additionally, as « increases, so does the average
external debt-to-GDP ratio. The share of tradables in aggregate consumption, «,
affects the marginal utility of consumption as well as the real exchange rate, and

therefore hedging benefits and costs derived from inflation and real exchange rate
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depreciation bias.
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Chapter 4

Conclusion

This document examines the links between optimal monetary and fiscal policy
and sovereign debt structure, in light of the changes in currency composition and
maturity structure verified by emerging economies in the last twenty years. First, I
study how different debt structures, in terms of currency composition and maturity,
affect the optimal monetary and fiscal policy response of the government. Second,
I endogenize the currency composition decision, and use this model to explain the
differences observed across Latin American countries.

I leave for future research studying the optimal decision of debt duration and
distortionary taxes. Optimal debt duration is study by Leeper, Leith, and Liu (2021)
in a closed economy framework. Distortionary taxes introduce an extra cost to
altering intertemporal consumption decisions, and will affect hedging benefits and
costs derived from dilution incentives. Additionally, I would like to incorporate
domestic debt to the analysis. Recently, emerging economies have registered an
increase in the share of debt held by locals. This type of bonds creates different
incentives for the government, since it cares about the welfare of these bondholders.

The government can interfere in its regulation, as long as these bonds are issued under
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domestic jurisdiction, which could bring financial repression concerns.
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