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Abstract

Nominal debt provides consumption-smoothing benefits if it can be inflated away during
recessions. However, we document empirically that countries with more procyclical inflation,
where nominal debt provides less consumption-smoothing, issue more local-currency debt.
We propose that the effect of monetary policy credibility on nominal bond risk premia is
an important determinant of the currency composition of sovereign debt. In our model,
low credibility governments inflate during recessions, generating excessively countercyclical
inflation in addition to the standard inflationary bias. With countercyclical inflation, in-
vestors require risk premia on nominal debt, making nominal debt issuance costly for low
credibility governments. We provide empirical support for this mechanism, showing that
countries with higher nominal bond-stock betas have significantly larger nominal bond risk

premia and borrow less in local currency.



1 Introduction

Over the past decade, the market for emerging market government debt has undergone
a remarkable transformation. In the 1980s and 1990s, most emerging market sovereigns
and several developed country governments relied heavily on foreign currency (FC) in their
foreign borrowing. This left borrowers vulnerable to currency fluctuations and financial crises
(Eichengreen and Hausmann, 2005). Since the Asian Financial Crisis, local currency (LC)
government bond issuance has grown rapidly. It now constitutes an important asset class for
international investors and more than half of external debt issued by major emerging market
sovereigns (Du and Schreger, 2015). However the shift towards local currency government
bonds has been highly uneven across markets, raising the question of what drives these
cross-country differences.

This paper takes an asset pricing perspective to understand cross-country differences in
sovereign debt portfolio choice. The standard approach to optimal government finance im-
plies that governments should smooth the costs of taxation across states of the world (Barro,
1979). If the costs of taxation rise during recessions, due to high marginal consumption util-
ity or distortionary taxes, government should issue debt that requires lower repayments in
recessions than expansions. Applying this argument to nominal local currency debt, a key
benefit of local currency debt is that it can provide debt relief at just the right time, provided
that inflation reduces the real debt burden in recessions (Bohn, 1990a,b; Barro, 1997; Lustig
et al., 2008). However, we find empirically that countries where nominal local currency debt
provides little or no flexibility during adverse states of the world, issue the most nominal
debt.

Our primary proxy for the hedging properties of local currency debt is the regression beta

of local currency bond returns with respect to stock market returns. A positive bond-stock



beta indicates that local currency bonds’ expected real cash flows decline in stock market
downturns and hence provide fiscal flexibility to the issuer. Figure 1 summarizes the key
stylized fact that countries with the lowest local currency bond betas have the highest local
currency debt shares. Even more puzzlingly, a substantial fraction of the most prolific local
currency debt issuers, including both developed and emerging markets, have negative bond-
stock betas, so local currency debt provides no hedging benefits or is even risky from these
issuers’ perspective.? This is the opposite of what we would expect if governments issue local
currency debt to take advantage of its fiscal hedging properties.

We show that positive bond-stock betas coincide with countercyclical inflation, or neg-
ative inflation-output betas. This finding is important, because it indicates that inflation
expectations are a key driver of the hedging properties of local currency bonds, which de-
preciate when inflation expectations increase. We also show that local equity excess returns
have betas with respect to US equity excess returns that are statistically indistinguishable
from one, making it plausible that global investors require a risk premium for holding bonds
that depreciate during periods of high local marginal utility.

The finding that countries with more countercyclical local currency bond returns rely
more on nominal local currency debt is highly robust. Results look similar if we use the
local currency debt share in all central government debt, which is most closely related to
a central government’s active issuance decisions, or the local currency debt share held by
foreigners, which plausibly generates an especially strong ex post incentive to inflate. It also
robust to using the cyclicality of realized or expected inflation with respect to output and to

using bond betas that control for default risk, real exchange rate cyclicality, or exclude the

2We show average local currency debt shares in central government debt and the estimated slope coefficient
of local currency government bond returns against local stock market returns for the period 2005-2014 for a
sample of 30 emerging and developed countries. For details see Section 2.



financial crisis.

What explains this apparently puzzling relation? We demonstrate that it is the equi-
librium outcome when monetary policy credibility drives the cyclicality of inflation and
risk-averse investors require a risk premium to hold local currency bonds in countries with
positive inflation cyclicality. In the model, the government communicates a contingent plan
for future inflation, but with a given probability it may revert to a myopic policy (Kydland
and Prescott, 1977; Barro and Gordon, 1983; Rogoff, 1985). When commitment fails, the
government uses inflation to reduce the real burden of local currency debt. The incentive
to inflate is more pronounced during low output states, when marginal utility is highest.
Crucially, debt is priced by risk-averse lenders, whose stochastic discount factor (SDF) is
correlated with domestic output.

The key insight of the model is that when governments with imperfect credibility borrow
in nominal terms from risk-averse lenders, they not only have a classic inflationary bias, but
also lack the ability to commit to a degree of state-contingency on the debt. With risk-
averse lenders, a government’s temptation to generate excessively countercyclical inflation
leads lenders to charge an inflation risk premium. This lowers average borrower consumption.
But a government with full commitment that borrows from risk-averse lenders can lower the
risk premium it pays on LC debt. It achieves this by committing to an inflation process that
keeps LLC bond payouts relatively stable during recessions, when investors’ marginal utility
is high, thereby increasing the insurance value of its LC debt to international investors.
In contrast, a government lacking commitment cannot credibly promise to restrict itself to
such a limited amount of state-contingency and therefore pays a higher-than-optimal risk
premium. In equilibrium, governments that obtain little or no consumption-smoothing from

issuing nominal debt (those with more procyclical inflation) issue the most nominal debt,



and those that could obtain the most consumption-smoothing from issuing nominal debt
(those with more countercyclical inflation) issue the least.

Significantly, in our model limited commitment alone cannot resolve the the positive
relationship between local currency debt shares and inflation cyclicality. The intuition is
that without risk premia, high credibility issuers optimally commit to using inflation only
in bad states of the world, thereby smoothing tax distortions over states of the world and
generating countercyclical inflation. As a result, the relation between local currency debt
shares and inflation cyclicality is flat or downward-sloping, in contrast to the data. In our
model, it is only the interaction of imperfect commitment and risk-averse lenders that can
explain the empirical patterns.

Finally, we present empirical evidence on the connection between local currency bond
risk premia and bond return cyclicality, monetary policy credibility, and local currency
debt issuance. First, we show that higher local currency bond-stock betas are associated
with significantly higher local currency bond risk premia, supporting the model mechanism,
whereby investors require a premium for holding local currency bonds that tend to depreciate
during downturns. Second, we provide direct evidence for the model mechanism by relating
local currency bond-stock betas and local currency bond risk premia to two de-facto measures
of monetary policy credibility, based on official central bank inflation targets and newspaper
text analysis. Third, we show empirical evidence that local currency debt shares are strongly
negatively correlated with local currency bond risk premia. Decomposing local currency
bond risk premia into a world consumption asset pricing model (CAPM) component and a
residual or alpha, we find that the world CAPM component accounts for the majority of
the downward-sloping relation between LC debt shares and risk premia. Finally, we show

that changes in inflation forecast cyclicality, proxying for bond risks during periods when



many issuers did not have LC bond price data, from the 1990s to the 2000s have a positive
relation with changes in LC debt issuance, providing evidence that the bond risks channel of
monetary policy credibility can also help us understand the substantial changes in LC debt
issuance since the 1990s.

The notion that limited inflation commitment constrains nominal debt issuance has a
long-standing tradition in economics, going back at least to Kydland and Prescott (1977) and
Lucas and Stokey (1983). The continued relevance of this question is emphasized by Patrick
Bolton’s recent AFA presidential address, which analyzes sovereign debt finance within a
corporate finance framing (see Bolton (2016) and references therein). By contrast, we study
the asset pricing implications of limited monetary policy commitment, thereby contributing
to the literature on optimal debt management with nominal and inflation-indexed debt (Bohn
(1988); Calvo and Guidotti (1993); Barro (1997); Alfaro and Kanczuk (2010); Diaz-Giménez
et al. (2008)), and to the contemporaneous and complementary work by Ottonello and Perez
(2016) and Engel and Park (2016).> In our framework, a low credibility issuer finds it
expensive to borrow through local currency debt, because local currency bond yields reflect
not only high inflation expectations, as would be standard in the previous literature, but
also higher risk premia. A low credibility issuer hence expects to pay more in real terms on
LC debt debt, even after taking into account that LC debt will be partly inflated away. We
contribute both empirically — by documenting the relation between inflation cyclicality and
local currency debt shares in a cross-section of countries — and theoretically — by proposing
that investor risk aversion interacted with limited monetary policy credibility can explain

this new stylized fact. Broner et al. (2013) consider a sovereign’s optimal debt maturity

3Engel and Park (2016) study the currency composition of debt with optimal contracts and endogenous
default when investors are risk-neutral. Ottonello and Perez (2016) present a quantitative model that
generates predictions for the business cycle properties of local currency debt issuance.



choice in the presence of risk-averse investors, but take the correlation between bond returns
and investors’ stochastic discount factor to be exogenous. We add to that by explaining
bond return cyclicality and risks as an endogenous outcome of monetary policy credibility
and matching cross-country evidence of bond return cyclicality. This paper is also related
to a recent literature on inflation commitment and debt limits when the debt denomination
is exogenous (Jeanne, 2005; Araujo et al., 2013; Aguiar et al., 2014; Chernov et al., 2015;
Sunder-Plassmann, 2014; Bacchetta et al., 2015; Du and Schreger, 2015; Corsetti and Dedola,
2015) and the large literature on government debt and inflation (Sargent and Wallace, 1981;
Leeper, 1991; Sims, 1994; Woodford, 1995; Cochrane, 2001; Davig et al., 2011; Niemann et al.,
2013), but differs in that it considers the optimal portfolio choice between local currency and
foreign currency debt issuance.

We contribute to the international asset pricing literature along two dimensions. First,
we argue that risk premia matter for sovereign debt portfolio choice. Second, we provide a
channel for why LC debt of low credibility countries comoves with international investors’
stochastic discount factor and hence requires a risk premium. Similarly to Hassan (2016)
and Hassan et al. (2016) we argue that international government bond yields reflect the
insurance value for investors, even though the source of comovement that we focus on —
namely monetary policy credibility — is different from the sources they emphasize. In our
model, comovement with international fundamentals is priced, consistent with empirical
evidence in Harvey (1991); Karolyi and Stulz (2003); Lewis (2011); Borri and Verdelhan
(2011); Lustig et al. (2011); David et al. (2016); Della Corte et al. (2016) among others.

Finally, we contribute to a recent literature on time-varying bond risks (Baele et al., 2010;
David and Veronesi, 2013; Campbell et al., 2014; Ermolov, 2015; Campbell et al., 2015), that

is primarily focused on the US and the UK. Vegh and Vuletin (2012) also emphasize the



evolution and cross-country heterogeneity in the cyclicality of monetary policy, but do not
study implications for sovereign debt portfolios. Poterba and Rotemberg (1990) examine
the correlation between taxes and inflation under both commitment and no-commitment
in five major developed countries, but do not consider the interaction with the currency
composition of government debt. We do not take a stand on the interest rate policy needed
to implement the optimal inflation process, which is studied in Campbell et al. (2015).

The structure of the paper is as follows. In Section 2, we present new stylized facts on
the relation between the cyclicality of local currency bond risk and shares of local currency
debt in sovereign portfolios. In Sections 3 and 4 we lay out the model, provide analytical
intuition for the key mechanisms, and calibrate the model to demonstrate that it can replicate
the observed patterns of the currency composition of sovereign debt and inflation cyclicality.
Section 5 tests additional model implications for local currency debt issuance and risk premia.

Section 6 concludes.

2 Empirical Evidence

In this section, we demonstrate the robust empirical relation that countries with more
counter-cyclical inflation have lower local currency debt shares. This evidence is robust
to proxying for inflation cyclicality with the inverse of local currency bond cyclicality. It
is also highly robust to excluding the financial crisis and to using alternative measures of
local currency debt shares, such as the share in all central government debt, the share only
in long-term debt, or the share held by foreigners. Our evidence is based on as large a
cross-section of countries as permitted by the availability of LC debt data, including eleven

developed markets (Australia, Canada, Denmark, Germany, Japan, New Zealand, Norway,



Sweden, Switzerland, United States and United Kingdom) and 19 emerging markets (Brazil,
Chile, China, Colombia, Czech Republic, Hungary, Indonesia, Israel, Malaysia, Mexico, Peru,

Philippines, Poland, Russia, Singapore, South Africa, South Korea, Thailand and Turkey).*

2.1 Nominal Bond Risks: Bond-Stock Beta

Asset markets incorporate investors’ forward-looking information at much higher frequency
than surveys and can therefore provide valuable proxies for inflation cyclicality that are
potentially less subject to measurement error and more robust given the relatively short time
series. Local currency bond-stock betas serve as an asset market based proxy of inflation
cyclicality. If stock returns are procyclical, we expect bond-stock betas to be inversely related
to the cyclicality of inflation expectations.

We denote the log yield on a nominal LC n-year bond as yL¢, where y,,; = log(1 + Y,%¢).

The log holding period return on the bond is given by

Lc LC LC
Tntrat ~ Tnlnt — (Tn — At)ynfl,tJrAt?

l_(1+YnI%C)7n

where 7, = )T is the duration of a bond selling at par (Campbell et al. (1997)).

We approximate y,LLfAt’t N4 yﬁ% A; for the quarterly holding period. We let y¢ denote

4For LC bond yields, we use primarily Bloomberg fair value (BFV) curves. BFV curves are estimated
using individual LC sovereign bond prices traded in secondary markets. Since sufficient numbers of bonds
spanning different maturities are needed for yield curve estimation, the availability of the BFV curve is a
good indicator for the overall development of the LC nominal bond market. Countries such as Argentina,
Uruguay and Venezuela only have a handful of fixed-rate bonds and hence do not have a BFV curve. As for
most emerging markets in our sample BFV curves are available starting in the mid-2000s, we focus on the
period 2005-2014 to maintain a balanced panel. To measure inflation risk and the perceived cyclicality of
inflation, we use realized inflation from Haver and inflation forecasts from Consensus Economics, respectively.
Finally, we measure the share of local currency debt in total sovereign debt portfolios with data from BIS
Debt Securities Statistics, OECD Central Government Debt Statistics, and several individual central banks.
All results winsorize the highest and lowest observation to ensure that results are not driven by outliers.



the three-month T-bill yield and then the excess return on LC bonds over the short rate is
given by

Lc _ _LC LC
T =Thienr — Y1t -

From a dollar investor’s perspective, we can rewrite the excess return as

et = [roa — Wi =y — .

The dollar investor can hedge away the currency risk of the holding period At by going long
a US T-bill and shorting a LC T-bill with the same market value as the LC bond. By doing
so, any movement in the spot exchange rate of the LC has the same offsetting first-order
impact on the bond position and the local T-bill position and hence cancels out. After
hedging currency risk for the holding period, the dollar investor bears duration risk of the
LC bond.

We define the local equity excess returns as the log return on local benchmark equity

over the three-month LC Treasury bill:

m _ m m LC
ITiine = (pt+A -pf") — vz

where p/" denotes the log benchmark equity return index at time ¢. Country subscripts
are suppressed to keep the notation concise. We then compute the local bond-stock beta

b(bond, stock) by regressing LC bond excess returns zr-‘y, on local equity excess returns

m .
xrt—i—At'

xrffm = by + b(bond, stock) x xr} n, + €. (1)

Bond-stock betas measure the risk exposure of LC bond returns on local equity returns.



2.2 Cyclicality of Inflation Expectations: Inflation-Output Fore-

cast Beta

We construct a new measure for the procyclicality of inflation expectations by regressing the
change in the CPI inflation rate predicted by forecasters on the change in their predicted real
GDP growth rate. Each month, professional forecasters surveyed by Consensus Economics
forecast inflation and GDP growth for the current and next calendar year. We pool all
revisions for 2006 through 2013 (so that the forecasts were all made post-2005), and run the

country-by-country regression
Ay = bo + b(,gdp,) x Agdp, + e, (2)

where ¢ indicates the date of the forecast revision. The revisions to inflation forecasts (A7)
and GDP growth forecasts (A;ZZ}/%) are percentage changes of forecasts made three months
before and proxy for shocks to investors’ inflation and output expectations. The coefficient
b(ﬁ,gc\l]/ot) measures the cyclicality of inflation expectations and is the coefficient of interest.

Because forecasts are made for calendar years, the forecast horizon can potentially vary.
Consensus forecasts the annual inflation rate up to two years in advance. This means that
in January 2008, the forecast of calendar year 2008 inflation is effectively 11 months ahead

and the forecast of calendar year 2009 is 23 months. We focus on revisions to the two-year

forecast (13-23 months ahead) to minimize variation in the forecast horizon.
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2.3 Cyclicality of Realized Inflation: Realized Inflation-Output

Beta

While investors’ beliefs about inflation cyclicality enter into government debt prices and
hence sovereign debt portfolio choice, it is useful to verify that the composition of debt
portfolios also lines up with the cyclicality of realized inflation and output. We compute the
realized inflation-output beta by regressing the change in the inflation rate on the change in

the industrial production growth rate:

Ay = by + b(m, IP)AIP, + ¢, (3)

where Am; is the 12-month change in the year-over-year inflation rate and AIP; is the
12-month change in the year-over-year industrial production growth rate. The coefficient
b(m, I P) measures the realized inflation cyclicality with respect to output. We obtain the
seasonally adjusted consumer price index and the industrial production index from Haver

between 2005 and 2014.

2.4 Local Currency Debt Shares

For developed countries, we construct the share of local currency debt based on the OECD
Central Government Debt Statistics and supplement this data with hand-collected statis-
tics from individual central banks.® Central banks typically directly report the instrument
composition of debt securities outstanding issued by the central government.

For emerging markets, we measure the share of local currency debt in sovereign debt

5The OECD Central Bank Debt Statistics was discontinued in 2010. We collected the statistics between
2010-2014 from individual central banks.
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portfolios using the BIS Debt Securities Statistics, supplemented with statistics from indi-
vidual central banks. Table 16C of the Debt Securities Statistics reports the instrument
composition for outstanding domestic bonds and notes issued by the central government
(Ddem) starting in 1995. Table 12E of the Debt Securities Statistics reports total interna-
tional debt securities outstanding issued by the general government (D{™). For emerging
markets, as the vast majority of international sovereign debt is denominated in foreign cur-
rency, and local governments rarely tap international debt markets, D" offers a good proxy
for central government foreign currency debt outstanding. Data for developed countries are
from individual central banks or the OECD. The share of local currency debt is computed
as the ratio of the fixed-coupon domestic sovereign debt outstanding (D) over the sum of

domestic and international government debt:

Dtdom,fim

St = ——————————-
Dglom + Dznt

Inflation-linked debt, floating-coupon debt and FC debt are all treated as real liabilities. In
our baseline results, we do not distinguish between foreign and domestically-owned debt,

but we provide evidence in Appendix B that empirical results are similar for foreign-owned

debt.

2.5 Summary Statistics

Table 1 reports summary statistics for inflation, inflation expectations, local currency bond
yields, bond-stocks betas, inflation-output forecast betas, realized inflation-output betas,
local equity-S&P betas, and local currency debt shares. Emerging market realized inflation

is 2.4 percentage points higher and survey-based expected inflation is 2.0 percentage points
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higher than in developed markets. In addition, expected inflation and realized inflation are
less procyclical in emerging markets than in developed countries.

For local currency bonds, five-year local currency yields are 3.4 percentage points higher
in emerging markets than in developed markets. Nominal bond returns are countercyclical in
developed markets, as evident from negative bond-stock betas. By contrast, local currency
bond returns are procyclical in emerging markets. Finally, developed markets borrow almost
entirely with local currency debt, while the local currency debt share in emerging market
averages only 60%.

Importantly, column (7) shows that the beta of local stock returns with respect to US
S&P 500 stock returns, estimated as the slope coefficient of regressing local log excess eq-
uity returns onto US log equity excess returns, is one on average for both developed and
emerging economies in our sample. If local stock return variation proxies for variation in
the local stochastic discount factor and US equity returns reflect variation in international
investors’ stochastic discount factor, a local-US stock beta close to one implies that assets
that assets that co-move with the local stochastic discount factor also co-move with the inter-
national investor’s stochastic discount factor and hence are risky for international investors.
This evidence is also consistent with the evidence in David et al. (2016), who argue that
emerging market stock returns have large betas with respect to the world equity portfolio
and consequently comovement with local stock markets carries a risk premium in interna-
tional markets. In particular, this implies that if the domestic government inflates away its
local currency debt in states of high local marginal utility of consumption, local currency
debt tends to depreciate in real terms in bad states of the world for international investors’,

making it a risky investment.

13



2.6 Relation between Nominal Risk Betas and Sovereign Debt

Portfolios

Figure 2 adds to the evidence in Figure 1, showing that patterns are similar if we measure
bond return cyclicality with respect to US instead of local stock returns and if we replace
bond return cyclicality with inflation cyclicality. The inverse of LC bond betas should
proxy for the cyclicality of inflation expectations, if higher inflation expectations depress LC
bond prices and stock returns fall during recessions. Panels A and B of Figure 2 confirm this
intuition. Emerging markets tend to have lower local currency debt shares and more negative
realized and expected inflation betas, as would be the case if they inflate during recessions.
This finding is important, because it indicates that inflation and output dynamics are key
to understanding the cross-country patterns of LC bond risks.

Panel C of Figure 2 shows LC bond betas with respect to US S&P returns, which is
constructed analogously using LC bond betas with respect to S&P excess returns. For
instance, the Brazilian bond-stock beta is estimated as the slope coefficient of LC bond
excess returns with respect to Brazilian stock excess returns as in (1), while the Brazilian
bond-S&P beta is the estimated slope coefficient of LC bond excess returns with respect to
US S&P excess returns. Panel C shows a striking correlation between bond-stock betas and
bond-S&P across countries. Given this result, it is unsurprising that the relation between
LC debt shares and bond-S&P betas in Panel D is downward sloping, similar to the results
for bond-stock betas in Figure 1. Taken together, 2 Panels C and D indicates that LC bonds
that provide the best hedge for the issuer are also riskiest for an international investor. This
finding is important, because it gives us further indication that it is reasonable to think
of international investors as risk-averse over LC bonds that lose value in real terms during

bad states of the world for local consumers, consistent with our modeling assumption that
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domestic and international investors price bonds with correlated stochastic discount factors.

Table 2 shows cross-sectional regressions of local currency debt shares on measures of
inflation cyclicality. The first three columns show that all nominal risk betas are significantly
correlated with LC debt shares. A 0.16 increase in the bond-stock beta, corresponding to
the average difference between emerging and developed markets, is associated with an 18
percentage point reduction in the LC debt share. Columns (4) and (5) show that the relation
is robust to controlling for mean log GDP per capita and exchange rate regimes as classified
by Reinhart and Rogoff (2004).

The relationship between the local currency debt share and nominal risk betas is robust
to using long-term debt, excluding the financial crisis, adjusting for default risk, and using
only externally held government debt. The robust result for the local currency debt share
in long-term debt is important, because Missale and Blanchard (1994) argue that shorter
debt maturity reduces the incentive to inflate away debt. The recent increase in emerging
market LC debt issuance has been accompanied by a surge in importance of this asset class
among international investors. Consistent with this, our findings are also robust to using (a
proxy of) the LC debt share held in foreigners’ portfolios instead of the LC debt share in all
government debt, thereby ruling out the possibility that high LC debt shares simply reflect
high LC debt shares held domestically, which might lead to less inflationary incentives than
LC debt held by foreigners. The finding that cross-sectional variation in LC debt shares is
driven by LC debt held by foreigners is important, because it corresponds most closely to
our modeling assumption that debt is held by foreign investors. It also further strengthens
the puzzle, because a high LC debt share held by foreigners should be especially useful
for smoothing domestic consumption with state-contingent inflation. Detailed results are

available in Appendix A.
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3 Model

This section describes the model and presents analytic solutions for the debt portfolio and
inflation policies. The model has two periods. In period 1, the government chooses the gov-
ernment debt portfolio consisting of LC and FC debt, and communicates a desired inflation
policy. In period 2, output is realized and debt is repaid. Building on the loose commit-
ment mechanism of Debortoli and Nunes (2010), the parameter p captures credibility in the
model and determines how easily the government can commit to an inflation policy. With
probability p, the government implements the previously communicated inflation plan. With
probability 1 — p, the no-commitment state in period 2 is realized and the government re-
optimizes myopically. We show in Appendix B that the model can be embedded in a simple
dynamic setup.

The government objective is standard, reflecting domestic agents’ power utility over con-
sumption and a quadratic inflation cost. We assume that investor marginal utility is corre-
lated with domestic marginal utility, consistent with the empirical evidence of high local-US
stock betas in Table 1 and the close correspondence between bond-stock and bond-S&P betas
in Figure 2 Panel C. We follow the portfolio choice literature (Campbell and Viceira (2002);
Devereux and Sutherland (2011)) in using a log-quadratic expansion for log debt portfolio
returns and ex-ante expected utility, but a log-linear expansion for the budget constraint
in the period 2 no-commitment state. This solution method captures the dependence of
portfolio choice on ex-ante hedging motives, but maintains tractability and allows the intu-
ition behind the results to be clearly seen. It has been found to be highly accurate in many
standard portfolio choice applications and we verify its numerical accuracy by comparing

the analytic solution with an exact numerical solution in Appendix B.4.
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3.1 Government Objective

We use lower-case letters to denote logs. The government’s loss function combines quadratic

loss in log inflation w5 and power utility over consumption:

Cy 7
Ly = ari—- —2—. 4
) = anf- ()
We do not take a stand on the source of inflation costs. A quadratic inflation cost of the

form (6) may arise from price-setting frictions leading to production misallocation as in New

Keynesian models (see Woodford (2003)). Period 2 output is log-normally distributed:
Xy = XeXp<x2/X)7 xy ~ N (07 O-g%) : (5)

Domestic consumption equals output minus real debt repayments to foreign bond holders

D5, generating an incentive for the government to reduce real debt repayments:
02 == X2 - DQ. (6)

One interpretation of (6) is that the government only cares about the consumption of non-
bond holders, who could either be foreigners or domestic agents to whom the government
attaches little weight for political economy reasons. We normalize steady-state period 2
consumption to one, so « captures the cost of inflation distortions in units of period 2

consumption.® Formally, we require that X =1+ D.

6 Allowing period 2 steady-state consumption different from one would scale the loss function (6) by a
constant, leaving the analysis unchanged.

17



3.2 Investors

Financial markets are integrated in the sense that all assets are priced by the same interna-
tional investor. However, markets are segmented from the domestic borrower’s point of view,
who has access only to LC and FC debt borrowing and cannot go long bonds. Inflation in
the investor’s home currency is assumed to be zero for simplicity. International consumption
and domestic consumption can differ if international agents prefer a different consumption
bundle from domestic agents.

The international investor is risk-averse over world output z3 , which is log-normally
distributed with standard deviation ¢* We model the international investor’s stochastic
discount factor (SDF) in reduced form with risk aversion coefficient 6, similarly to Arellano

and Ramanarayanan (2012), with local output x5 loading onto world output:

1
my = log By — 0% (0")", (7)

Ty = ATH+ 1Mo (8)

Here, 1, ~ N(0,07) is an idiosyncratic shock uncorrelated with world output. The SDF (7)
captures risk-neutral investors as a special case when # = 0. If investor risk aversion @ is
greater than zero and global and local output are positively correlated (A > 0), the SDF
(7) implies that investors’ and the domestic consumer’s marginal utility of consumption are
positively correlated, or that bad states of the world for the domestic consumer also tend to
be bad states of the world for the investor.

We interpret the stochastic discount factor (7) through (8) broadly, potentially reflecting

several channels. First, if international investors are risk-averse over international consump-
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tion and output, and international output is correlated with domestic output, this may give
rise to a correlation between international and domestic marginal utility. We document a
high correlation in output growth across countries, lending credence to this channel. In our
sample, the average correlation between emerging market output growth and U.S. output
growth is equal to 58%. Second, it is plausible that these correlations are a lower bound for
the degree of international comovement in stochastic discount factors (Brandt et al., 2006).
We find that the average correlation between emerging market stock returns and US stock
returns is even higher at 70%, as would be the case if stochastic discount factors co-vary
more than output. Interpreting (7) more broadly, highly correlated consumption growth
(Colacito and Croce, 2011; Lewis and Liu, 2015), correlated discount rate news (Borri and
Verdelhan, 2011; Viceira et al., 2016), or correlated risk premia (Longstaff et al., 2011) may
further drive up the cross-country correlations between stochastic discount factors and stock
returns. Moreover, correlations between international equity markets may increase during
downturns, increasing their impact on risk premia (Ang and Bekaert, 2002). A different way
to motivate an SDF of the form (7) and to generate the main channel in our model, would
be if bond investors are domestic and hence risk-averse over domestic output, but the gov-
ernment has an incentive to expropriate bond holders, because ex-post it is more efficient to
use the inflation tax rather than taxes that distort incentives and lead to deadweight costs,
such income or sales taxes.”

The role of real exchange rate shocks in the model is to capture a principal cost of FC
borrowing of Eichengreen and Hausmann (2005), namely that FC debt exposes issuers to
sudden increases in the real cost of debt service. This cost incentivizes otherwise uncon-

strained borrowers, such as the US, to borrow in local currency. We normalize the real

"Appendix B.7 develops such a model extension, shows that the analytic solutions are of the same form
as in our benchmark model, and illustrates that our channel remains quantitatively important.
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exchange rate in period 1 to one. The period 2 real exchange rate (in units of international

goods per domestic goods) is given by

1
exp (52 — 503) , €2~ N (0,02), (9)

where €5 is uncorrelated with all other shocks and realized after the government has chosen
inflation, so monetary policy takes effect more slowly than exchange rate shocks. In modeling
the real exchange rate, we face a tension arising from the well-known Backus-Smith puzzle.
While under complete international financial markets the real exchange rate of a country is
predicted to depreciate when consumption is high, empirically real exchange rates are close to
being uncorrelated with real economic fundamentals or even depreciate when consumption is
low (Backus and Smith (1993)). We choose the reduced-form specification (9) to be consistent
with the empirical evidence, so as to generate empirically relevant bond risk predictions. We
keep the specification of exchange rates quite general, but one possible driver of exchange
rates could be shocks to the risk bearing capacity of financial intermediaries, as in Maggiori
and Gabaix (2015). One important implication of (9) is that domestic inflation tends to
devalue local currency bonds for international agents and drives local currency bond risks,
consistent with the empirical evidence in Panels A and B of Figure 2.%

We can now price three different bonds: a) a foreign currency bond, which pays one unit
of real international consumption; b) a nominal LC bond, which delivers exp(—ms) units

of real domestic consumption; b) a real LC bond, which delivers one unit of real domestic

8However, our assumptions are considerably weaker than perfect purchasing power parity (PPP), since
we need it to hold only on average and not state-by-state and at horizons corresponding to bond maturities,
which in our data average 5 years. Given that there is some evidence that real exchange rates tend to
depreciate in recessions, Appendix B.6 solves an extended model with this feature and finds that model
implications are substantially unchanged.
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consumption. Bond prices are given by (see Appendix B for details):

w° = 5 (10)
foreal _ g (1)
A4¢ = B feap (1o~ om — 30202 eanl-m)]. (12)
¢ = ex("*f (13)

;

T

LC bonds are priced as if the international investor had effective risk aversion ¢ over
local output z,. Expression (13) shows that the international investor is effectively more
risk-averse over local output if risk aversion 6 is high or if the local output loading onto
world output A is high. The ratio of the variances enters, because if local output is more
volatile than world output, world output moves less than one-for-one with local output, so
international investors appear less risk-averse over local output variation. The real exchange
rate does not enter into the pricing of real and nominal LLC bonds, because in expectation
one unit of real domestic consumption buys one unit of real international consumption and
exchange rate shocks are uncorrelated with all other shocks. Finally, we denote one-period

log bond yields by
¢

= —logqt®, yI“ = —logql®.

We assume that domestic equity is a claim on domestic output and is priced by the same

international investor, giving the equity risk premium faced by the international investor as
1
Ey (r5) + §Va7”1 (r$) —yF'Y = 0Cov, (x},x5) = ¢ (14)
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Equity is in zero supply to financial investors, thereby not entering into domestic con-
sumption. The expression for the equity premium will be useful in Section 4 to calibrate the
magnitude of risk premia.

We abstract from the risk of outright sovereign default. Under the assumption of simul-
taneous default, which Du and Schreger (2016) and Jeanneret and Souissi (2016) show is
empirically plausible, LC and FC debt by the same issuer bears the same default risk pre-
mium. Even then, issuing FC debt may be costly if it precludes the option to use inflation
to avoid outright default. In the current framework, exchange rate volatility is the main
driver making FC debt issuance costly, so adding such an additional cost of FC debt would
act similarly to increasing the exchange rate volatility. For an analysis of the choice of the

currency denomination of sovereign debt with strategic default, see Engel and Park (2016).

3.3 Budget Constraint

To focus on the portfolio choice component of the government’s decision, we assume that
the government must raise a fixed amount V. The government chooses face values D¢ and

DXC to satisfy the budget constraint:®

D¢ + D¢ = V. (15)

9Here, we do not explicitly allow the government to issue inflation-indexed LC debt. In contrast to the
hypothetical real LC bond considered in the previous Section, in practice inflation-indexed bond issuance
appears to be costly. Inflation-indexed bond issuance can be costly for reasons analogous to those for foreign
currency debt, if indexation is imperfect, either because the inflation index does not correspond perfectly to
the domestic borrower’s consumption basket, or because indexation occurs with lags. In addition, empirical
evidence from the US suggests that inflation-indexed debt requires a substantial liquidity premium (Pflueger
and Viceira (2016)). For this reason, in our empirical analysis we combine inflation-indexed and foreign
currency debt to capture inflation-insulated debt issuance.
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Let s denote the share of nominal LC bonds in the government’s portfolio:

ar“ D¢
Vv

51

(16)

We define the debt portfolio log return in excess of the log return on a domestic consumption

risk-free bond:°

Df%exp (—e2 + 20?) + DfCexp (—m,)
v

zrd = log

3.4 Log-Quadratic Expansion for Loss Function

This section derives a log-quadratic expansion of the government loss function, which pro-
vides intuition and is used for the log-linear analytic solution. In contrast, the numerical
solutions do not rely on the log-quadratic expansion, instead using the exact expressions in
Sections 3.1 through 3.3. We obtain the following second-order expressions for local currency

bond prices and risk premia:

1
¢r¢ ~ Bexp <—E17T2 + 5 Varim + ¢Covy (x2, 7T2)) , (18)

1
y1LC — Eymy + §VGT17T2 - y1FC = —@Cov(x2, ). (19)

The output-inflation covariance C'ovy (2, o) enters as a risk premium term. Intuitively,

a positive output-inflation covariance means that the issuer does not inflate during bad times,

0Taking the expectation over €5, the average cost in terms of domestic consumption of repaying a unit
face value FC bond is greater than one. While the mean exchange rate is one, the mean inverse exchange
rate is not equal to one due to Jensen’s inequality. To purchase one unit of international consumption, the
domestic borrower expects to give up more than one unit of real domestic consumption, because he has to
average over states with different exchange rates. This divergence between the expected return on risk-free
real FC and LC bonds is also known as Siegel’s paradox (Siegel (1972), Karolyi and Stulz (2003)).
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making LC bonds safe from investors’ point of view and increasing the value to investors.
Note that provided that my is a function of local output xq, (19) also equals the possibly
more familiar expression in terms global output —0Cov; (25, m2). We expand bond portfolio

excess returns log-quadratically following Campbell and Viceira (2002):

1 1
rrd + 5 (m’d)Q ~ (1-s1) <52 + B (53 + 02)) (20)

1
+51 (—(m —Bim) + 5 (2 — Bima)* — Varimy) — gbCovl(m,m))

Substituting back into a log-quadratic expansion of the loss function, taking expectations,

and ignoring policy independent terms gives the expected loss:

E\L, = aFEm + le (v — ¢) Covy(x2, 7T2)1 + %S%D2V6LT17T2

Inflation Cost Hedging - Nominal Risk Premium

| S —
Volatility LC Debt

+%D2(1 —$1)%02 + D (1 — ;)02 (21)

. >

~
Volatility4+Convexity FC Debt

Here, we define D = B7'V. We divide the expected loss into four terms. The first
term “Inflation Cost” is simply the expected welfare cost of inflation. The second term
“Hedging - Nominal Risk Premium” is new and is the focus of our analysis. This term
captures the welfare benefits and costs of the state contingency of local currency debt.
There are two opposing forces: the welfare benefit of domestic consumption smoothing
from a positive inflation-output covariance is counteracted by the risk premium that can
be earned by selling insurance to risk-averse investors. If v > ¢, the model formalizes the
intuition from the introduction, where a government inflates in bad times in order smooth

consumption, and the benefits of doing so outweigh the risk-premium that needs to be paid
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for this insurance. In contrast, if @ > v, the benefit to the government from selling insurance
to foreign investors outweighs the desire to smooth domestic consumption. In this case,
the loss function decreases with the inflation-output covariance, because a government that
inflates during good times and deflates during bad times earns a risk premium from risk-
averse investors, thereby raising average domestic consumption. To preview our results, one
of the most important considerations in solving this problem is to understand when the
government can credibly promise a less negative or even positive inflation-output covariance.
As long as the investor has non-zero risk aversion (¢ > 0), the government wants to limit
the tendency to inflate during bad states of the world ex-ante, but may deviate ex-post.
The final two terms capture losses from consumption volatility induced by the volatility
in debt repayments. The volatility of debt repayments enters into expected domestic con-
sumption utility, because domestic consumers have a non-diversified, non-zero debt position,
and consumption utility is concave. The third term, “Volatility Nom. Debt” captures the
utility losses from consumption volatility caused by the fact that inflation volatility induces
movements in the real amount repaid on local currency debt. If the country has no local
currency debt (s; = 0) this effect disappears. The final term “Volatility+Convexity Real
Debt” captures losses from borrowing in foreign currency induced by fluctuations in the ex-
change rate and disappears if the country has no FC debt (s; = 1). Exchange rate volatility
lowers expected consumption through a convexity effect and induces variation in domestic
real consumption, which is costly due to utility curvature. In the same way that inflation
volatility induces fluctuations in consumption by inducing volatility in local currency debt
repayments, so do exchange rate fluctuations through their effect on real debt repayments
on foreign currency debt. In addition, foreign currency debt is costly because the expected

inverse exchange rate is greater than one over the expected exchange rate.
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3.5 Analytic Solution

This section solves the model analytically. Throughout the analytic solution, we keep only
first-, and second-order terms of D in the loss function. This approximation is justified if the
debt-to-GDP ratio is small and clarifies the intuition of the results. While we use a second-
order expansion to solve for the government’s period 1 debt portfolio choice and commitment
inflation policy, we rely on a first-order expansion to obtain the myopic period 2 government’s
optimal inflation policy. This choice simplifies the analytic solution and provides sharper
intuition. We restrict ourselves to solutions where local inflation is a function of local output.
While there may be interesting implications from considering differential inflation loadings
onto global and local shocks, complex monetary policy rules may be hard to verify and
enforce. Our solution captures the important drivers in a world, where monetary policy can
only commit to a simple rule that depends only on one variable, namely local output. For

solution details see Appendix B.

3.5.1 Inflation Policy Functions

The government follows different inflation policies, depending on whether the commitment
state or the no-commitment state is realized in period 2. If the no-commitment state is
realized, which occurs with probability 1 — p, the government myopically re-optimizes the
period 2 loss function, taking as given any quantities that were determined in period 1. The
no-commitment government in particular ignores the effect of its policy on bond prices, LC
bond risk premia, and sovereign debt portfolio choice. The no-commitment inflation rule
depends on the aggregate state x5, but not on the exchange rate shock, which is realized

after inflation:

26



T = on T Vo S (22)

The first term in (22) captures the standard inflation bias of a myopic government. The
bias increases with the amount of LC debt s;D and decreases in the real marginal cost of
inflation a. The second term captures inflation cyclicality, showing that the incentive to

inflate is greatest during recessions, when output is low and the marginal utility of con-

s1D
2a0 °

sumption is high for domestic consumers. The degree of countercyclicality depends on
This term is intuitive, because v is the curvature of the domestic agents’ consumption utility
and determines how much the marginal utility of consumption increases in low-consumption
states. The amount of local currency debt s;D and the cost of generating inflation « enter

similarly as for the inflation level.

The inflation rule in the commitment state takes into account effects on risk premia:

™ = (¢—7) Sg L2 (23)

The commitment inflation rule (23) exhibits no inflationary bias on average. Inflation-
cyclicality, as captured by the inflation-output slope coefficient also changes and has a new
non-negative term ¢. The slope coefficient in (23) is positive and the government wants
to commit to procyclical inflation if and only if investors have higher effective risk aversion
than the government, because government debt has hedging value to investors and sells at a

premium.
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3.5.2 Inflation Moments and LC Debt Share

Analogously to our empirical analysis, we define the inflation-output beta as the slope from
regressing period 2 log inflation m, onto period 2 log output x5. The mean, variance, and

inflation-output beta for period 2 inflation then equal:

51D

Bi(m) = (-9, 24
Var(m) = (520) (0= + (2 = po (21— 00) o), (25)
Beta (79, x5) = W, (26)

We can gain intuition by considering two special cases with zero credibility (p = 0) and

full credibility (p = 1). With p = 0, the government has no ability to commit and the

_ 51D

5~ A government without commitment

inflation-output beta reduces to Beta (ms, z5) =
is always tempted to inflate during recessions, leading to countercyclical inflation and a
negative inflation-output beta.

With full credibility (p = 1), the inflation-output beta becomes Beta (mq, x2) = %,
which is greater than the inflation-output beta with zero commitment as long as effective
investor risk aversion ¢ is positive. In particular, when ¢ = v the full credibility government’s
inflation-output beta is zero and inflation is constant. More generally, provided that ¢ > 0,
(26) increases with credibility p. While it is well understood that a lack of credibility can
lead to an inflationary bias, our contribution is to show that a lack of credibility also affects

sovereign debt portfolio choice through an inflation cyclicality channel.

Substituting (24) through (26) into the expected loss function (21) and taking the first-
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order condition with respect to the LC debt share s; gives:

o 2a [y 4+ 1/D] 032 | @)
(1-=p)(1+¢?02) — (¢ — )" 02 + 20702

3.5.3 Comparative Statics

From (27), we derive the comparative static for the local currency debt share with respect

to credibility:

d 1 2 2
da _ o 1¥dos (28)
dp 20 [y +1/D] o2

Provided that the LC debt share s; is at an interior solution, it increases with credibility.
As credibility increases, the government faces smaller risk premia for issuing local currency
debt. Moreover, the probability of inefficiently high inflation for a government with local
currency debt declines. Both of these factors reinforce each other to increase the local
currency debt share for high credibility governments.

Next, we explore the model implications for the relation between inflation cyclicality and

LC debt shares. Combining (26) and (28) gives the total derivative:

dBeta(ms, x2) OBeta(my, xy)  O0Beta(ma, x2) 1
D S + -
ds; 081 op ipl
_ (p6=2D  ¢D[y+1/D]a? (29)
2 1 (1:1; ¢*03)
Direct Effect Equilibrium Effect

Our main stylized empirical fact, that finds that LC debt shares are positively related to

dBeta(m2,z2)

inflation-output betas, predicts ds, > 0 . The model inflation-output beta varies with

the LC debt share s; through two channels. First, the direct effect of a higher LLC debt share
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is to increase both the consumption-smoothing benefits of countercyclical inflation and the
amount of real consumption that can be gained from making LC debt safe for investors.
Through this channel, the effect of increasing the LC debt share s; is proportional to the
inflation-output beta (26). The first term in (29) is negative if the government is more risk-
averse with respect to domestic output than than investors (y > ¢), or if credibility p is low.
In this case, in order to generate a positive relation between inflation-output betas and LC
debt shares as in the data, the second term would be to be sufficiently positive to outweigh
the direct effect.

Second, the equilibrium relation between inflation-output betas and LC debt shares re-
flects the effect of credibility on both variables. Expression (26) shows that the inflation-
output beta increases with credibility (strictly, if ¢ > 0), because with higher credibility
we need to put a higher weight on the stable inflation policy. Since the LC debt share also
increases with credibility, variation in credibility induces a non-negative relation between LC
debt shares and inflation-output betas. This second channel is larger if effective investor risk
aversion ¢ is high. The reason is that a high credibility government has a stronger incentive
to limit inflation state-contingency, when risk premia are large.

The case ¢ = 0 illustrates that limited commitment alone cannot plausibly generate
the upward-sloping relation between inflation-output betas and LC debt shares in the data.
Risk-averse investors, therefore, are essential to matching the downward-sloping empirical
relation between inflation-output betas and LC debt shares. In the absence of risk premia, a
high credibility government optimally follows a countercylical inflation policy that generates
inflation only in bad states of the world to smooth consumption, generating a negative
inflation-output beta (26) in contrast with the empirical evidence that countries with high LC

bond shares have zero or even positive inflation-output betas and zero or negative bond-stock
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betas. Moreover, (29) is negative, so the model predicts a downward-sloping relation between
LC debt shares and inflation-output betas. Intuitively, because domestic consumption is far
from perfectly hedged, as appears plausible empirically, the marginal benefit from further
consumption hedging to the government is high. Consequently, a higher LC debt share
increases the benefit of each additional percentage point of inflation, increasing the incentive

to vary inflation countercyclically over the business cycle.!

4 Calibrating the Model

In this section, we calibrate the model to examine whether the forces discussed in Section
3 can quantitatively replicate the empirical patterns and to assess the numerical accuracy
of the analytic solution. The analytic solution helps us select parameter values without
an expensive grid search. We use global solution methods to solve for the full non-linear
solution (i.e. not the analytic solution).'? Table 3 reports calibration parameters and Table
4 compares model and empirical moments.

We solve the model for two calibrations that differ only in terms of credibility p. The high
credibility calibration uses py = 1, corresponding to full credibility, while the low credibility

calibration has p;, < 1. We choose the low credibility calibration to target the difference

11 Only if domestic consumption is close to perfectly hedged, which appears less empirically plausible, can
the model generate an upward-sloping relation between L.C debt shares and inflation-output betas, because
then the marginal benefit of inflation variation decreases with the amount of LC debt outstanding. However,
with close to perfect domestic consumption hedging, the model predicts negative inflation-output betas
and positive bond-stock betas for LC debt issuers, in contrast to the data. Formally, we capture limited
consumption-smoothing in the analytic solution by taking an expansion with D3 small. For a solution that
keeps third-order terms in D, see Appendix B.

12We minimize the Euler equation error for the inflation policy function in the no-commitment state over
the no-commitment policy function. We then minimize the loss function over the commitment policy function
and the local currency debt share. Both commitment- and no-commitment policy functions for log inflation
are quadratic in log output. For details and a sensitivity analysis of model moments to individual parameters
see Appendix B.
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in empirical moments between emerging markets and developed markets, reported in the
leftmost column of Table 4.

We set the government’s borrowing need to 13% of GDP, corresponding to the average
share of external sovereign debt in emerging markets. We set exchange rate volatility to
o. = 14% to match the median annual volatility of emerging market exchange rate returns
since 1990. A substantial cost of borrowing in foreign currency implies that the share of local
currency debt falls relatively slowly with respect to p in equilibrium, ensuring that even low
credibility countries have some local currency debt.

With (22) and (24), we have that Eimyp = (1 — pr)Eimy. Identifying Eymy ; with
average emerging market survey inflation in excess of developed market survey inflation
and Eymy;, with maximum emerging market survey inflation in excess of average developed

market survey inflation pins down p;, = 1 — g:g%s = 0.67. We calibrate the inflation cost

to match average emerging market survey inflation in excess of developed market survey

inflation of 2.0%. With (24) we obtain:

(1—pr)sieD 033 x0.5x0.13
2B\ 2 % 0.02 B

0.5. (30)

o =

We explore model implications for a wide range of values for ¢. We set ¢ = v for our
benchmark calibration. The benchmark case of equal government and effective investor
risk aversion has appealing implications. It implies that a full credibility issuer chooses an
all LC debt portfolio and perfect inflation targeting, with no inflation variability, similarly
to developed countries in our sample.!> We choose government and effective investor risk

aversion (v and ¢) to match the empirical difference in inflation-output betas of —0.21. We

13In our sample, the mean beta of local equity returns on US equity returns is .97 and the mean beta of
local GDP growth on US GDP growth .86. Therefore, assuming equal risk aversion (y = ) between the
government and investors, the benchmark of v & ¢ is natural.
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substitute into (26):

_’yDSLL 0.13 x 0.5

Betay, (w9, x9) — Betay (ma, x2) = (1 —pp)=—yx % 0%

0.33] (31
= x 033 (31)

indicating that we need risk aversion on the order of v = 10 to match the empirical difference
in inflation-output betas across emerging and developed markets. While a risk aversion
parameter of 10 is high, it is at the upper end of values considered plausible by Mehra and
Prescott (1985).

Finally, high output volatility o, = 8% is needed to generate a plausible level for the
equity premium. While this volatility is higher than emerging market output volatility in our
sample, a higher volatility may be priced into asset markets if emerging markets are subject
to crashes and crises. We do not attempt to explain the equity volatility puzzle (Shiller,
1981; LeRoy and Porter, 1981), which can be resolved if consumption and dividend growth
contain a time-varying long-run component (e.g., Bansal and Yaron (2004)) or if preferences
induce persistent fluctuations in risk premia (e.g., Campbell and Cochrane (1999)).

Table 4 shows that the calibration matches the empirical moments quite well. We obtain
average low commitment inflation of around 3% and maximum no-commitment inflation
of 8%. The inflation-output beta for the low credibility calibration is -0.27 compared to a
high credibility beta of 0, matching the difference in betas in the data. The small difference
between the global and analytic solutions reassures us that our approximations capture the

main forces at play.
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4.1 Policy Functions

Figure 3 contrasts government policy functions for inflation and real debt repayments as
functions of log output. The top two panels show log inflation (left) and the conditional
expected real debt portfolio excess excess return (right), averaged across commitment and
no-commitment states. Blue solid lines correspond to low credibility and red dashed lines
correspond to high credibility. All policy functions in Figure 3 use numerical solution meth-
ods.

The left panels of Figure 3 illustrate the inflation policy function features discussed
in Section 3.5. The top left panel shows that the low credibility government implements
a state-contingent inflation policy function, that is higher on average than for the high
credibility government, and especially so during low output states. The middle and lower
panels of Figure 3 decompose the differences between high and low credibility governments
across commitment- and no-commitment states. In the commitment state, the low credibility
government sets inflation to zero similarly to the high credibility government. In the no-
commitment state, the low credibility government inflates away its local currency debt and
chooses especially high inflation in low output states. The low credibility government reaches
the no-commitment state with positive probability 1 — py > 0, while the high credibility
government reaches it with probability 0, so the average inflation profile for the low credibility
government is higher and more countercyclical.

The right panels of Figure 3 show real debt portfolio excess returns, which are related
to inflation by taking the expectation of (17) with respect to 5. The top right panel shows
that countercyclical inflation translates into procyclical real debt repayments for the low
credibility country. This is intuitive, because surprise inflation lowers real debt repayments

on LC debt in low output states.
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Even in the commitment state, credibility affects real excess returns of the sovereign bond
portfolio, even though inflation in this state is close to zero. Credibility enters because ex-
ante LC bond prices reflect non-zero inflation expectations and inflation risk premia, which
can raise the cost of repaying LC debt ex-post. The low credibility government’s real debt
repayments are highest in the commitment state, because this is a state of surprisingly low
inflation relative to ex-ante investor expectations. With high average inflation expectations,
the low credibility government has to issue a large face value of LC debt to raise a given
amount of real resources, so in a state of low realized inflation real debt repayments are high.
In the no-commitment state, real debt portfolio excess returns are close to zero on average,
reflecting higher average inflation, and lowest in recessions, when inflation is high.

The analytic solution provides intuition regarding the average level of debt portfolio
excess returns in the top right panel of Figure 3. Taking expectations of (20) over e and
mo(z9) and substituting ¢ = ~ into (26), the analytic average debt portfolio excess return
equals:

Ey {:177‘3 + %Varlxrg} = (1—s)0?+(1-p) %7202. (32)
The average debt portfolio excess return equals the FC debt share times the expected ex-
cess return required on FC debt plus the LC debt share times the LC bond risk premium.
Investors understand that LC bonds issued by a high credibility government provide better
hedging and require lower returns in excess of the real risk-free rate. This drives home a key
insight of the model, namely that low credibility countries have an incentive to inflate away
their local currency debt during states of the world that investors also value most, which

leads those governments to pay more in expectation on their debt portfolios. Importantly,
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the average inflationary bias does not enter in (32) and does not lead to higher debt repay-
ments and lower consumption on average. The reason is that bond prices adjust one-for-one
with expected inflation and only the comovement between inflation and investor marginal
utility commands a risk premium.

We use the approximate analytic expression (32) for a simple back-of-the-envelope cal-
culation. In the top right panel of Figure 3, the average gap in debt portfolio excess returns
between low and high credibility governments is 1.75 percentage points. With L.C bond risk
premia of approximately RP;, = —¢ X Beta(ms, x2), X 02 = 1.73 percentage points, about
sp X RPp, = 0.54 x 1.73 = 0.93 percentage points of the gap in average excess returns is due
to local currency bond risk premia, with the remainder due to real exchange rate volatility

and the expected excess return on foreign currency debt.

4.2 Comparative Statics

In this section, we analyze how local currency debt issuance, inflation, inflation-output betas,

and local currency risk premia vary with credibility and investor risk aversion.

4.2.1 Credibility

Figure 4 shows that changes in credibility, or the probability of honoring the previously
announced inflation plan, can explain substantial differences along key dimensions. An
increase in credibility makes it less likely that the government will be tempted to inflate
away the debt, leading to lower inflation expectations. A low credibility government is
especially tempted to inflate away the debt during recessions, generating an upward-sloping
relation between inflation-output betas and credibility. Risk-averse international investors

require a return premium for holding local currency bonds that lose value precisely when
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marginal utility is high, driving up local currency risk premia for low credibility governments.
Finally, low credibility governments issue a smaller share of local currency debt, to constrain
themselves from inflating in low output states, thereby reducing the real costs of inflation

and risk premia.

4.2.2 Investor Risk Aversion

Figure 5 shows that model predictions vary substantially with investor risk aversion. In
the case with risk neutral investors (¢ = 0), investors charge no risk premium for inflation-
output covariances. In this case, the low credibility government has a high LC debt share,
generates high inflation, and a strongly negative inflation-output beta. In fact, low and high
credibility governments generate almost identical inflation-output betas, indicating clearly
that this case cannot explain the cross-country variation in inflation cyclicality in the data.

While the benchmark calibration in Tables 3 and 4 replicates the empirical fact that
inflation-output betas are greater in developed than emerging markets and generates zero
inflation-output betas for high-credibility issuers, the model can easily generate even positive
inflation-output betas if investors are effectively more risk-averse than the government (¢ =
12). With highly risk-averse investors, it is the government that sells insurance to the global
investor by issuing LC debt, similarly to the setting considered in Farhi and Maggiori (2016),
rather than the risk-neutral investor insuring the government by buying it. Higher investor
risk aversion than government risk aversion could be due to political economy reasons, that
induce the government to not fully adjust for risk. For instance, the risk of losing elections
may lead to a divergence between private and government incentives especially during low
output states, much as in Aguiar and Amador (2011), where a lower discount factor driven

by political economy forces can engender a bias toward more debt.
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5 Testing Additional Empirical Implications

The model presented in the previous two sections highlights the importance of monetary
policy credibility for the level and cyclicality of local currency risk and sovereign debt port-
folios. This section tests additional model predictions and provides direct evidence for our
proposed mechanism. We provide evidence for the following three predictions: First, we pre-
dict that countries with positive bond-stock betas have higher LC bond risk premia. Second,
we predict that low credibility countries have higher LC bond risk premia. Third, we predict

an inverse relation between LC debt shares and LC bond risk premia.

5.1 Empirical Drivers of Risk Premia

In the model, bond risk premia act as an important channel linking monetary policy credi-
bility, bond return cyclicality, and sovereign debt portfolios. We measure ex-ante risk premia

for our cross-section of countries to correspond to the left-hand-side of (19):

ﬁ:yL_C— T+ %Vamr - (yﬁ—ﬁ—k %VamrUS) . (33)
A bar indicates the mean from 2005-2014. Intuitively, (33) removes average local inflation
from local currency bond yields to isolate the risk premium component. Unlike in the model,
we correct for the fact that US inflation is non-zero. In Appendix A, we show that results
are quantitatively and qualitatively robust to adjusting LC bond yields for default risk using
synthetic default-free local currency bonds as in Du and Schreger (2016).

In the model, bond risk premia are driven by their comovement with international fun-

14Due to our short sample, ex-post bond risk premia, measured as realized excess returns, are extremely
noisy. We therefore prefer ex-ante measures, corresponding to those that governments see when making
issuance decisions.
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damentals. While comovement with international fundamentals is unlikely to explain all
cross-sectional variation in LC bond risk premia, showing a qualitatively and quantitatively
significant relation between bond risk premia and bond return comovements with US stock
returns will provide important evidence for our proposed channel. We decompose each coun-

try’s risk-premium into two components by estimating the following regression:

RP; = a + kb(bond, S&P); + ¢;. (34)

Here, US stock returns proxy for world stock returns if the US equity market is well integrated
with the rest of the world.

Column (2) of Table 5 estimates regression (34) and finds a statistically significant and
quantitatively meaningful estimate for k. A one unit increase in the bond-S&P beta is
associated with an increase in the risk premium of ten percentage points in annualized units,
which is the same order of magnitude as the US equity premium. The bond-S&P beta
not only carries an economically and statistically significant price of risk, it also explains a
substantial portion of cross-sectional variation in LC bond risk premia, with an R-squared
of more than 40%. The estimated slope coefficient is similar in column (1), where we use the
beta with respect to the local stock market instead of the S&P, supporting the notion that
LC bonds that are the best hedges for the issuer tend to require the highest risk premia. In
Appendix A.6, we show that the key risk premium relation in Table 5 column (2) remains
highly statistically significant when using generalized method of moments to account for the
fact that bond-S&P betas are estimated.

Next, we interact the bond-stock beta with the local-S&P beta, as a proxy for the co-
movement between local and global SDFs. Column (3) shows that results are unchanged,

indicating that the co-movement between local and global SDFs is sufficiently large and
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consistent across countries that local inflation cyclicality indeed drives the cross-section of
LC bond risk premia, as in the model. Column (4) further addresses concerns that cross-
sectional differences in the local-global loadings might directly drive differences in LLC bond
risk premia. We regress risk premia onto the local-global beta b(stock, S&P) directly, which
does not enter significantly and has no explanatory power for LC bond risk premia.

Table 5 also provides evidence on the link between bond risk premia and monetary policy
credibility using two de-facto measures that we construct. We prefer de-facto measures of
central bank credibility to de-jure ones because recent measures of de-jure central bank
independence have been found to be uncorrelated with average inflation (Crowe and Meade,
2007). Using Financial Times articles over the period 1995-2015, we construct the correlation
between the key words “debt” and “inflation” for each country as a proxy for inverse inflation
credibility. The intuition is that if inflation is solely determined by the central bank and
debt is determined by the fiscal authority, these topics should be discussed separately, and
the correlation should be low. On the other hand, if inflation and debt are determined by the
same central government, we would expect newspaper articles to discuss both jointly, and the
correlation should be high. We count the number of articles containing both keywords and
the country name and divide them by the geometric average of the articles that contain one
of the keywords combined with the country name. Consistent with the model, column (4) of
Table 5 shows that this de-facto monetary policy credibility measure is strongly correlated
with risk premia, with an R? of 42.4%.

Column (5) uses the gap between announced inflation targets and survey expectations to
measure inverse inflation credibility. If credibility is low, we expect survey inflation to exceed
announced inflation targets. We define the “Credibility Gap” as the greater of the average

difference between the central bank inflation target and survey inflation expectations and
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zero. Over the past decade, on average, the emerging markets in the sample have a mean
credibility gap of 0.6 percent, whereas the developed markets in the sample have a mean
credibility gap of 0.1 percent. Column (5) suggests that a 0.5 percentage point increase in
the credibility gap, corresponding to the average difference between emerging and developed
countries, is associated with a two percentage point increase in LC bond risk premia, which

is economically large and in line with model predictions.

5.2 Evidence on Bond Risk Premia and Debt Portfolio Choice

Next, we turn to the model prediction that LC debt shares are negatively related to LC
bond risk premia, and in particular to the component of LC bond risk premia that derives
from bond return comovements with the international investor’s SDF. Consistent with this
prediction, Table 6 shows a negative and statistically significant relation between LC debt
shares on the left-hand-side and LC bond risk premia on the right-hand-side. LC bond
risk premia explain a substantial 45% of variation in LC debt shares. A 2.4 percentage
point increase in LC bond risk premia, roughly the average difference between emerging and
developed countries, is associated with a (2.4 x 8.6 =) 21 percentage point decrease in the
LC debt share. Next, we decompose the risk premium into a world CAPM component — the

component explained by the bond-S&P beta — and the alpha with respect to the US S&P:

RPCAPM,z’ = f%b(bond, S&P)Z, acApM’i = ﬁz — RPCAPM,z‘- (35)

where & is the slope coefficient estimated in Table 5, column (2). The estimated alpha
acapy may reflect measurement error of the CAPM risk premium, for instance if the S&P

is an imperfect proxy for the world portfolio, or pricing errors on the part of investors, so we
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would expect LC debt shares to decreases with both RPcapy and acapyr. Table 6 column
(2) supports the notion that sovereign issuers reduce LC issuance in response to higher LC
bond risk premia, and that the riskiness of LC bonds for US investors, as proxied by the
bond-S&P beta, accounts for a substantial portion the downward-sloping relation between
LC debt issuance and LC risk premia. Columns (2) and (3) show that while both components
of the risk premium contribute significantly to the explanatory power of risk premia for local
currency debt shares, our proxy for the CAPM component enters with a larger coefficient
and explains more than half the R-squared in column (1). Columns (4) through (6) show
that the relation between risk premia and LC debt shares is robust to controlling for size,

foreign exchange rate regime, and inflation.

5.3 Changes in LC Debt Issuance

One of the most striking developments in international bond markets over the past two
decades is how many countries have gone from having very little LC debt during the 1990s to
substantial LC debt shares in the 2000s. We now show evidence that the bond risks channel of
monetary policy credibility can help us understand changes in LC debt issuance. Our analysis
is constrained by the fact that our main proxy for the hedging properties of LC bonds — the
bond-stock beta — can only be constructed if LC debt is actually available, which for many
countries in our sample was not the case during the 1990s. We therefore rely on decade-by-
decade estimates of inflation forecast betas to measure the risks of hypothetical LC bond
risks over time. Figure 6 shows that the strongest increases in inflation-output forecast betas
were accompanied by the most marked increases in LC debt shares, supporting the notion
that the bond risks channel of monetary policy credibility not only explains level differences

in LC debt shares across countries, but also changes since the 1990s. This evidence also
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shows that our main stylized empirical fact holds in changes, thereby controlling for omitted

variables that are constant at the country level, such as natural resource endowments.'®

6 Conclusion

This paper argues that differences in monetary policy credibility, combined with investors
that require a risk premium for holding positive-beta bonds, explain the relation between
sovereign debt portfolios and government bond risks across countries. We document that
sovereigns whose local currency bonds tend to depreciate during recessions and hence pro-
vide the borrower with consumption-smoothing benefits, issue little local currency debt. We
explain this stylized fact with a model where risk-averse investors charge a premium for hold-
ing local currency bonds that lose value during recessions, thereby making local currency
debt expensive for low credibility governments and driving them towards foreign currency
debt issuance. Importantly, both limited commitment on the issuer’s part and investor risk
aversion are necessary to match the empirical evidence. The key contribution of the paper
is to demonstrate how the interaction of lender risk aversion and monetary credibility can
explain why countries with positive bond-stock betas, that would seemingly achieve most
consumption-smoothing from issuing local currency debt, have the lowest local currency
debt share. Our simple framework gives rise to a number of testable predictions on infla-
tion, inflation-cyclicality, sovereign debt portfolios, and proxies of effective monetary policy

credibility, which we verify in the data.

15We compute inflation-output forecast betas and LC debt shares separately for the decades 1995-2004
and 2004-2015 for 20 countries. The rest of 10 sample countries are excluded due to missing forecasting data
for the 1995-2004 period.
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Figure 1: Local Currency Debt Shares and Bond Betas
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Note: This figure shows the share of local currency debt as a fraction of central government debt (in
%) over the period 2005-2014. Bond-stock betas are estimated as the slope coefficient of quarterly
local currency bond log excess returns onto local stock market log excess returns over the same
time period

ariCa, = bo + b(bond, stock) x xri A, + €.

Three-letter codes indicate currencies. Emerging markets are shown in red and developed markets
in green. The highest and lowest observation are winsorized.
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Figure 2: Local Currency Debt Shares, Inflation Betas, and Bond-S&P Betas
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Note: Panels (A), (B), and (D) plot the share of local currency debt in the sovereign debt portfolio
on the y-axis against expected inflation-output betas, realized inflation-output betas, and the beta
of local currency bond returns with S&P returns, respectively. Panel (C) shows bond betas against
local stock returns on the y-axis against bond-US S&P betas on the x-axis. Developed markets are
denoted by green dots and emerging markets are denoted by red dots. The three-letter currency
code is used to label countries. The highest and lowest observation are winsorized. More details
on variable definitions can be found in section 2.
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Figure 3: Policy Functions
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Note: Blue solid indicates the low credibility calibration, while red dashed indicates the high
credibility calibration. Left panels show log inflation. Right panels show real debt portfolio excess
returns in percent, following equation (17). The y-axis shows log output in percent deviations from
the steady-state. “Average” refers to the weighted average across commitment and no-commitment
states, where the weights are given by credibility p.
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Figure 4: Varying Credibility
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Note: This figure shows average inflation, the inflation-output beta, local currency bond risk premia,
and the local currency debt share while varying credibility p. All other parameters are held constant
at values shown in Table 3.

52



Figure 5: Varying Effective Investor Risk Aversion
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Note: This figure shows average log inflation, the inflation-output beta, local currency bond risk
premia, and the local currency debt share against effective investor risk aversion ¢ for low credibility
(blue solid) and high credibility (red dashed) calibrations. All other parameters are held constant
at values shown in Table 3.
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Figure 6: Changes 1995-2004 vs. 2005-2014
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Note: This figure shows decade-over-decade changes in the inflation forecast beta on the x-axis
and changes in LC debt shares on the y-axis, where changes are from 1995-2004 to 2005-2014. The
highest and lowest observation are winsorized.

o4



T0>d 4 ‘60°0>d 4y ‘TO0>d 4y £q POIOUSD OIR S[OAS] QOURIYIUSIG ‘sosojuared Ut porrodor ore
SIOLI® PIePUR)S ISNGOY ‘SIOYIRW JUISIOWS pue podo[eAdp UsoM)Oq 9OULISHPIP Uueow o) $1s9) ((]) [Pued ‘ojdures pajood
a1} 10] synser sprodar (D)) [PURJ "sjeyIeW JuUISIoWS 10] s)Nsal syiodal (g) [oued ‘sjaxIewt pado[eadp 10 sjpnsal syrodel
(V) oueg ‘sorjojiiod 9qop USIOIDAO0S [€)0} Ul 1P ADUSIIMD [RI0] JO oIeys a8ejuadiad ‘s (g) puer ‘SUINIOI $S9IXO ()0G J2S
G 80[ 03 10adsal YIIm suImjal sseoxa A3mbe S0 (820 JO ®IAq (J29S ‘42075)q (L) “®12q Yo03s-puoq ‘(y207s ‘puoq)q (9) ()
‘ejoq ndjno-uoryegur pazieal ‘(g7 L)q (G) ‘ejoq jsessroj jndino-uonyeyul ‘(dpbr)q () ‘pPIA puoq )T Aouermd [ed0]

1eok-oay ¢ . fi (g) ‘(%) uoryegur Leains ‘x Loamg (g) ‘(%) uoryegur pozirear ‘v (T) epnpour so[qerrea oy, sdnois josrewt
SuiSrowe pue podo[oAdp IOJ SO[(RIIBA UOAJS JO UBOUI [RUOIIIVS-SSOID Y} I0J SOTISTIR)s Arewrmuns sprodol o[qe} SIYJ, 90N

(16£°9) (60°0) (€0£0°0) (88€0°0)  (29L°0) (8680°0) (82¥°0) (1€5°0)

***@H.@N 70°0- %**O@H.Ou *@MN0.0 ***wwm.mr **mﬂm.o ***ﬁoo.wu **%ﬁmm.mu ‘Bd UeaN
syoIeI\ podo[PAs(] puR SUISIOW UsM)O( 9OUSISPI(] Uwea ((])

L6°TT 8G°0 81°0- 06°0- 19°0 Gc0- ¢ce0 9¢°0 LA

00°00T Qa1 ¢ce0 ge0 €eCl 20T 06°L 206 XBIN

8LV¢C ¥¢0 €10 €10 c6°¢C 8¢0 891 G0'c P'S

0L¢L 86°0 10°0 10°0 LLY 8¢0 0T'¢ 12°¢ UeaINl
(0g = A7) ordureg [ (D)

L6°T1 860 20°0- 06°0- 29T gz 0- 90°¢ G0'¢C UIN

00°00T Qa1 ¢ce0 geo €e¢Cl L0'T 06°L 206 XBIN

8G°GC L¢0 ¢ro SN0 16°C ¢ce0 991 G0'c P'S

11°€9 00T 900 ¢0°0- 109 020 €8°¢ 607 UeaINl
(6T = N) syo{Ie]y Surdtowy ()

¢899 090 8T°0- ¥0°0- 19°0 ¥¢0 ¢ce0 9¢°0 UIN

00°00T el €0°0- ST°0 L8V 1.°0 89°C 89°C XBIN

€C'11 12°0 700 90°0 Vel GT°0 790 18°0 P'S

LC'68 G6°0 0T°0- G¢00 ¢9°¢C o €8'1 0L'T UeaIN
(1T = N) syo{re]y podofese (V)

s (d29S PoIs)q  (y203s ‘puoq)q (471 °L)q ot (dph*L)q 1 foamg L
(8) (L) (9) (9) () (€) (2) (1)

(F102-6007) s1oqIe]\ Surdiows pue podopas(] 10 so1ysipe)§ Arewrmung :J o[qr],

55



Table 2: Cross-Sectional Regression of Local Currency Debt Shares on Nominal Risk Betas

(1) (2) (3) (4) (5)
Local Currency Debt Share S s s s S
b(bond, stock) ~116.3%%* -106.1%%  -106.3**
(21.40) (34.19)  (31.05)
b(#, gdp) 57634+
(8.986)
b(m, IP) 126.6%**
(31.84)
log(GDP) 1.579 1.092
(4.280) (3.815)
FX Regime -1.412
(2.998)
Commodity Share -0.172
(0.179)
Constant TA14FH0E BT.24%F% 72 00*H* 59.08 71.80*

(3.460)  (4.857)  (3.993)  (42.05)  (39.48)

Observations 30 30 30 30 30

R-squared 0.367 0.392 0.156 0.370 0.401
Note: This table shows the cross-country regression results of the local currency debt share, s
(between 0 and 1), on measures of inflation cyclicality. The independent variables in the first three
columns are the bond-stock beta (b(bond, stock)), the inflation forecast beta (b(ﬁ,édvp)) and the
realized inflation- output beta (b(m, IP)), respectively. In Column (4), we control for the mean
log per capita GDP level between 2005 and 2014, log(GDP). In Column (5), we control for the
average exchange rate classification used in Reinhart and Rogoff (2004), FX regime. More details
on variable definitions can be found in section 2. The top and bottom observation are winsorized.
Robust standard errors are used in all regressions with the significance level indicated by ***
p<0.01, ** p<0.05, * p<0.1.
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Table 3: Calibration Parameters

Parameter Low Credibility = High Credibility
Credibility P 0.67 1.00
Inflation Cost @ 0.50

Output Vol. Oz 0.08

Government Risk Aversion vy 10

Effective Investor Risk Aversion ¢ 10

Debt/GDP D 0.13

Exchange Rate Vol. o 0.14

Note: All parameters are in annualized natural units.

Table 4: Empirical and Model Moments

Data Model
FEmerging-Developed Low Credibility  High Credibility
Average Inflation 2.00 2.99 0.00
No-Commitment Inflation  6.07 8.48 12.00
Inflation Beta -0.21 -0.27 -0.01
LC Debt Share 0.63 0.54 1.00
Equity Risk Premium 6.35 6.25 6.25

Note: All moments are in annualized natural units. The empirical moment for average inflation
is the difference between average survey inflation for emerging and developed markets in Table
1. The empirical inflation-output beta is computed as the difference between average expected
inflation-output betas in emerging and developed markets. The empirical no-commitment inflation
is computed as the difference between maximum emerging market survey inflation and average
developed market survey inflation in Table 1. The equity risk premium is the average local equity
excess return in our sample. All model moments are computed using global solution methods.
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Table 5: Empirical Drivers of Bond Risk Premia

(1) (2) (3) (4) (5) (6)

LC Bond Risk Premium RP RP RP RP RP RP
b(bond, stock) 15.30%+*
(3.117)
b(bond, S&P) 11.36%**
(4.194)
b(bond, stock)xb(stock, S& P) 14.60***
(2.805)
b(stock, S&P) 1.041
(1.553)
News Correlation 36.08%**
(9.524)
Credibility Gap 3.637HF*
(0.989)
Constant 1.773%F%  2.151%F*  1.661***  (0.856  -5.559%** 0.508
(0.264)  (0.449)  (0.248) (1.383)  (1.735)  (0.392)
Observations 30 30 30 30 30 22
R-squared 0.610 0.302 0.616 0.010 0.472 0.323

Note: This table regresses the empirical risk premium proxy (33) on bond-stock betas and measures
of monetary policy credibility. b(bond, stock) is the beta of LC bond excess returns with respect
to the local stock market. b(bond, S&P) is the beta of LC bond returns with respect to US S&P
returns. b(bond, stock)xb(stock, S&P) is the interaction of bond-local stock return betas and the
beta of local on US equity returns. b(stock,S&P) is the beta of local on US equity returns.
“News Count” is the correlation of the keywords “debt” and “inflation” in Financial Times articles
1996-2015 from ProQuest Historical Newspapers. We compute the correlation as the number of
articles mentioning both “debt” and “inflation” divided by the geometric average of articles that
mention either “debt” or “inflation”. We require articles to also mention the country name. The
inflation credibility gap is measured as the mean difference between the survey inflation expectations
from Consensus Economics and the announced inflation target since 2005. The top and bottom
observation are winsorized. Robust standard errors are used in all regressions with the significance
level indicated by *** p<0.01, ** p<0.05, * p<0.1.
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Table 6: Local Currency Debt Share and Bond Risk Premia

(1) (2) (3) (4) (5) (6)
Local Currency Debt Share S S s S S S
Risk Premium -6.581%** -D.R4THFHE 5 481K 5 725K
(0.871) (0.915) (0.939) (1.008)
RPcapm -8.937HH*  _8.93TH**
(2.600) (1.886)
ACAPM -5.562%**
(0.985)
Log (GDP) 2.985 2.777
(2.939) (3.392)
FX Regime 1.975 1.984
(3.103) (3.151)
Commodity Share -0.144 -0.137
(0.171) (0.197)
Average Inflation -1.943* -0.303
(1.092) (1.791)
Constant 85.70%F*F  70.88*** 82 .85HH* 53.80* 89.88%H* 56.25
(3.796) (3.739) (3.574) (31.31) (5.271) (37.55)
Observations 30 30 30 30 30 30
R-squared 0.451 0.251 0.476 0.498 0.468 0.498

Note: This table regresses the average local currency debt share onto our empirical risk premium
proxy, defined in Equation (33). RPcapas is the risk premium component explained by the bond-
S&P beta and acapar is the corresponding alpha, as defined in (35). The FX Regime is from
Reinhart and Rogoff (2004). The top and bottom observation are winsorized. Robust standard
errors are used in all regressions with the significance level indicated by *** p<0.01, ** p<0.05, *

p<0.1.
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Appendix - For Online Publication Only

This online appendix consists of Section A “Empirical Robustness” and Section B “Model Ap-
pendix”.

A Empirical Robustness

A.1 Long-Term Debt

The cross-sectional relationship between local currency risk betas and local currency debt shares
is robust to measuring the local currency debt share only in long-term debt, as shown in Figure
A.1. We obtain face values and issuance dates for all historical individual sovereign bond issuances
from Bloomberg for 14 emerging markets and estimate the long-term local currency debt share
as the outstanding amount of LC debt with 5 or more years remaining to maturity relative to all
outstanding debt with 5 or more years remaining to maturity.

Figure A.1: Local Currency Debt Share in Long-Term Debt vs. Bond-Stock Beta
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Note: This figure plots the bond-stock beta on the x-axis and the share of LC debt in all outstanding
long-term debt on the y-axis. Long-term debt is defined as having a remaining time to maturity
of five or more years. The share of LC debt in long-term debt is estimated from individual bond
issuance data from Bloomberg.

A.2 TIC Data

In this section, we demonstrate that our results are robust to examining external debt separately,
rather than all central government debt as in the main paper. The primary reason for not doing so
is that it would be reduce country coverage. We approximate foreign-owned debt by looking only at
the debt owned by US domiciled investors. US investors report their security level holdings as part
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LC Debt Share in U.S. Portfolio
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of the Treasury International Capital (TIC) data. Here, we calculate the LC debt share in the US
portfolio by dividing the total value of government debt owned by US investors in the borrowing
country’s currency by the total amount of that country’s sovereign debt owned by US investors.
Figure A.2 shows that the negative relation between bond-stock betas and LC debt shares is robust
to using this alternative measure of LC debt shares.

A.3 LC vs. FC Bond Betas

So far, we have assume that real exchange rates are uncorrelated with all other shocks. This is
clearly a simplification. However, what matters for the domestic borrower’s choice between LC
and FC debt is the relative hedging properties and the relative risk premia of these two types of
debt. If real exchange rate cyclicality is similar across countries, inflation cyclicality and LC bond
return cyclicality are the relevant margins for understanding cross-sectional differences in LC debt
shares. Figure A.3 shows the relation between L.C debt shares on the x-axis against L.C bond betas
in excess of FC bond betas. We see that countries with lower LC debt shares have higher L.LC bond
betas in excess of FC betas, confirming the empirical evidence in Figure 1.

Figure A.3: LC minus FC Bond-Stock Betas
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Note: This figure shows the difference between unhedged LC bond betas and FC betas for dollar
investors on the x-axis against local currency debt shares on the y-axis.
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Figure A.4: Local Currency Bond Betas Excluding 2008-2009
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Note: This figure shows LC bond-stock betas excluding the period 2008-2009 on the x-axis and LC
bond-stock betas for the full sample (including 2008-2009) on the y-axis. The highest and lowest
observation are winsorized.

A.4 Robustness to Excluding the Financial Crisis

One important period in the middle of our sample is the financial crisis of 2008-2009. While this
period marked an important recession for the US and many other countries, we show in this section
that our main empirical results are not driven by the financial crisis.

Figure A.4 shows our baseline LC bond-stock beta on the y-axis against a LC bond-stock beta
excluding the financial crisis period on the x-axis. We see that bond-stock betas are extremely
similar when excluding the financial crisis, indicating that our key bond cyclicality measure is not
driven by a small number of observations. Figure A.5 shows that our main stylized fact in Figure
1 remains unchanged if we exclude the crisis period in our construction of LC bond betas.

A.5 Default-Adjusted Bond Risk Premia

In order to adjust for default risk, we construct a synthetic default free nominal bond yield. We
follow Du and Schreger (2016) by combining a US Treasury with a fixed-for-free cross currency
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Figure A.5: Local Currency Debt Shares and Bond Betas Excluding 2008-2009
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Note: This figure differs from Figure 1 only in that it excludes 2008-2009 from the computation of
LC bond betas on the x-axis. The highest and lowest observation are winsorized.
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Figure A.6: Local Currency Debt Shares and Default-Adjusted Bond Betas
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Note: This figure differs from Figure 1 only in that it excludes 2008-2009 from the computation of
LC bond betas on the x-axis. The highest and lowest observation are winsorized.
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swap to create a synthetic default free local bond. In the absence of financial market frictions and
sovereign default risk, we would expect y*C = y=C*. Figure A.6 plots the LC debt share against
default-adjusted bond-stock betas, which are computed by replacing L.C bond yields by synthetic
default-free LC bond yields in the computation of LC bond returns. The strong similarly with
Figure 1 shows that our main empirical finding is robust to adjusting for the default component of
LC bond returns.

We now show that results in section 5 are robust to using default-adjusted bond risk premia.
We define an alternative measure of the risk premium that removes sovereign default risk from the
nominal bond yield.

— - 1 1
RPuy =yt =7 + SVarm — <yUS — U5+ 2VaT7TUS>
_ . US _ 1 vs _ -us_ 1 Us
=(y"” +ces) =7+ §Var7r —y7° =777 + §Var7r , (36)

where ccs denotes the fixed-for-free cross currency swap rate. Tables A.1 and A.2 replicate the
empirical results in Section 5 using default-adjusted risk premia and find the results qualitatively
unchanged.
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Table A.1: Empirical Drivers of Default-Adjusted Bond Risk Premia

(1) (2) (3) (4) () (6)

LC Bond Risk Premium RP RP RP RP RP RP
b(bond, stock) 9.659%***
(2.036)
b(bond, S& P) 8.600**
(3.235)
b(bond, stock)xb(stock, S&P) 9.437***
(1.819)
b(stock, S&P) -0.0482
(1.395)
News Correlation 21.79%**
(6.540)
Credibility Gap 2.657H**
(0.895)
Constant 1.020%**  1.345%**  (.957*** 1.111 -3.410%* 0.120
(0.250)  (0.356)  (0.243) (1.284) (1.257)  (0.357)
Observations 28 28 28 28 28 21
R-squared 0.457 0.250 0.478 0.000 0.331 0.314

Note: This table shows that Table 5 is robust to using the default-adjusted LC bond risk pre-
mium (36). b(bond, stock) is the beta of LC bond excess returns with respect to the local
stock market. b(bond, S&P) is the beta of LC bond returns with respect to US S&P returns.
b(bond, stock)xb(stock,S&P) is the interaction of bond-local stock return betas and the beta of
local on US equity returns. b(stock,S& P) is the beta of local on US equity returns. “News Count”
is the correlation of the keywords “debt” and “inflation” in Financial Times articles 1996-2015 from
ProQuest Historical Newspapers. We compute the correlation as the number of articles mentioning
both “debt” and “inflation” divided by the geometric average of articles that mention either “debt”
or “inflation”. We require articles to also mention the country name. The inflation credibility gap
is measured as the mean difference between the survey inflation expectations from Consensus Eco-
nomics and the announced inflation target since 2005. Robust standard errors are used in all
regressions with the significance level indicated by *** p<0.01, ** p<0.05, * p<0.1.
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Table A.2: Local Currency Debt Share and Default-Adjusted Bond Risk Premia

(1) (2) (3) (4) (5) (6)
Local Currency Debt Share s s s s s S
Risk Premium -8.417F** -6.825%*  -6.076** -6.732*
(1.215) (1.897) (2.574)  (2.732)
RPcapm -13.42%%%  _10.94%F*
(4.339) (3.309)
ACAPM -5.654%H*
(1.248)
Log (GDP) 5.952 5.834
(3.510) (4.027)
FX Regime 2.601 2.645
(3.646) (3.786)
Commodity Share 0.001 0.000
(0.212) (0.222)
Average Inflation -3.020 -0.166
(2.568)  (2.854)
Constant 81.90%*F*  69.18***  §2.98*** 15.64  88.52*%FF  17.07
(3.841) (4.005) (4.534) (36.24) (7.297)  (44.58)
Observations 28 28 28 28 28 28
R-squared 0.404 0.257 0.461 0.479 0.426 0.479

Note: This table shows that Table 6 is robust to using a default-adjusted risk premium on the
right-hand-side. This table regresses the average local currency debt share onto the alternative
empirical risk premium proxy, defined in Equation (36). RPcapys is the risk premium component
explained by the bond-S&P beta and acapas is the corresponding alpha, corresponding to the
fitted value and residual of Table A.1 column (2). The FX Regime is from Reinhart and Rogoff
(2004). Robust standard errors are used in all regressions with the significance level indicated by
i p<0.01, ** p<0.05, * p<0.1.
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A.6 GMM Estimation

In this subsection, we re-estimate the key risk premium regression in Table 5 column (2) using
GMM. This estimation accounts for the fact that betas are not known but are generated. To
distinguish them from the first-stage parameters, we denote the second stage intercept and slope
coefficient by a and b. The first-stage intercept and slope coefficient for country 7 are denoted by
o; and ;.

We define the GMM moments as follows

RP, —a — bb; for 1<i<N
(RPZ—a—blBl)ﬂl for N+1§ZS2N
git = xrtLC’Z —a; — ﬁixr;n’USD for 2N +1<i<3N (37)

(thai e _ﬁixrzn,USD> xr;n,USD for 3N +1<i<4N

The first 2N moment conditions are for the cross-sectional regression in the second stage. Moment
conditions 2N + 1 through 4N are for the first-stage regressions. We estimate 2/N + 2 moments
using 4N moment conditions by setting a linear combination of the average moments to zero. We
choose the weighting matrix A = [2N + 2 x 4N]| such that GMM point estimates are identical to
our two-stage procedure. For this, we set

lixv  O1xnv Oixon
A = Oi1xnv  lixy  Oixon |- (38)
OonxnN  Oanvxn  Zon

Here Oprxp and 1ps«p define block matrices of all zeros and ones with size [M x P], respectively.
We use Zony to denote the identity matrix of size 2IN. The GMM estimator then is defined by
setting

1 T
AXT;gt = 0. (39)

The GMM variance-covariance matrix of estimates is obtained as
V = T '(AD)' ASA'(AD)7V, (40)

where D = [4N,2N + 2] is the sample average of the derivative of g with respect to the parameter
vector 0 = [a,b,a/, 3]

—1Inx1 -8 OnxN —bIn
-8 =B ONxN —2b x diag(J)
D = Onx1 Onxi —In —In S F  arUSP - (41)

2
T USD T USD\ 2
Onx1  Onx1 —In Zt:1 xr;n T —In thl (xr;n ) T!
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Since moments 1 through 2N are already effectively time averages and hence constant across ¢, we
estimate the first 2V elements of the spectral density matrix from the cross-section. The spectral
density for moments 2N + 1 through 4N is estimates from the time series under the assumption of
no serial correlation in return residuals:

IN§1 IN.§12 0N><2N
S = IN§12 IN§2 Onxaon . (42)

Onxn Onxny TP3T (g}fli +> 0 (1 — #H) [9e91_; + gt—l—igNt/])

Here

r I.N
S12 = mzzgi,tgiJrN,ta (45)

and g; refers to the vector containing elements gany1+ through g4n . The bottom 2N x 2N block of
S is estimated with a Newey-West kernel with m = 120 lags to adjust for the fact that we use daily
data on quarterly overlapping returns. The GMM standard errors of the second-stage coefficients
are then given by the first two elements of

SE@) = /V(1,1), (46)
SE(b) = /V(2,2). (47)

The point estimates and standard errors for the second-stage parameters are reported in table
A.3. Column (1) starts by replicating Table 5, but in contrast to Table 5 we use data that has not
been winsorized. Comparing shows that winsorizing has no qualitative or quantitative effect on the
results. Column (2) in Table A.3 reports results from the GMM procedure outlined above, taking
into account that bond betas must be generated. The point estimates are identical to column (1)
and the standard errors are only slightly larger without affecting statistical significance, as one
would expect if bond betas are precisely estimated. Taken together, Table 5 suggests that bond
betas are sufficiently precisely estimated over our sample period that generated regressors do not
affect our benchmark results.

70



Table A.3: GMM: Bond Risk Premia onto Bond-S&P Betas

0 o)
LC Bond Risk Premium  OLS GMM
b(bond, S&P) 10.835%*  10.835***

(3.948) (4.067)
Constant 2.114%** 9 114%***

(0.458)  (0.472)
Observations 30 30

Note: This table estimates the slope of bond risk premia (33) on bond-S&P betas. The specification
in column (1) is analogous to Table 5 column (2) but uses non-winsorized data. Column (2) is esti-
mated using the GMM procedure outlined above to account for generated regressors. Significance
level indicated by *** p<0.01, ** p<0.05, * p<0.1.
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B Model Appendix

The Model Appendix is structured as follows:

e Subsection B.1 derives the expression for LC bond prices (12) and discusses the expression
for approximate LC bond risk premia (19).

e Subsection B.2 provides details for the analytic model solution.
e Subsection B.3 provides details for the numerical model solution.
e Subsection B.4 analyzes the accuracy of the analytic solution.

e Subsection B.5 analyzes the sensitivity of calibration moments to moving one parameter at
a time.

e Subsection B.6 describes and solves analytically an extended model, where the real exchange
rate is allowed to depreciate during recessions.

e Subsection B.7 describes, solves analytically, and provides a simple calibration for an extended
model, where debt is held domestically instead of by foreign investors.

e Subsection B.8 embeds our two-period model in a simple dynamic model.

B.1 Solving for Bond Prices

We assume that local output x5 and world output * are jointly log-normally distributed. We write
local output as a component that is perfectly correlated with world output plus an idiosyncratic
shock ny L x3:

xa = Ax5+ o, (48)
n ~ N(0,07). (49)

Here, X is the regression coeflicient of local output onto world output

_ Cov(za,x3)
A= Var(xz}) (50)

Conversely, we can also write world output as a component that is perfectly correlated with
local output plus a shock that is uncorrelated with local output n; L xs:

x5y = Nxzo+n;. (51)
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Here, A* is the regression coefficient of world output onto local output:

Cov(zg, x5)

YT Vel o
*\2
AE%;Q. (53)

One way of seeing that this is the correct expression for A* is by noting that (48) and (53) imply

Cov (x5 — Nx9,22) = Cov (x5, Az +1n2) + Cov (—\*x2,22) , (54)
= Mo*)? = \o?, (55)
= 0, (56)
so by definition
Ny = x5 — Ao (57)

is uncorrelated with zs.

B.2 Analytic Model Solution

In this section, we solve the model analytically. Throughout the appendix we use the notation
L = FEjL,. (58)

We will also drop time 1 subscripts for the LC debt share and simply write it as s for conciseness.

B.2.1 Log-Quadratic Loss Function

Using a log-quadratic expansion of the form

exp(z) -1 =z+3 22
the loss function (4) becomes (ignoring constants)
2 L, )
LQ X Qmy — | C2 + 502 + 562. (59)

Defining D = 571V, we expand consumption in terms of output and the excess return on the debt
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portfolio

1 _ _ _
c2 + 503 ~ X (exp(z2/X)—1)-D (exp <a:7"2i> - 1) ) (60)
lag - 1
= I9+ 5% —D <:m"§l + 3 (xr§)2> . (61)

We expand bond portfolio excess returns similarly to Campbell and Viceira (2002):
1 2

xrd + 5 (@ra)” =~ exp(ard) — 1, (62)
~ (1—s1) <e:vp <52 + ;ag) - 1> + 51 (qlL'BCemp(—ﬂ'Q) - 1) : (63)
= (1—s) <52+;(5g+03)> (64)

+51 <—(7r2 — Eymo) + % ((m2 — Byma)® — Varymz) — ¢Couvy (3:2,772)> (65)

Substituting back into the loss function (59), ignoring policy independent terms, and taking expec-
tations over xzo, ma, and e9 gives the expected loss (21).

B.2.2 FC Bonds

The log pricing kernel for pricing assets in international consumption units is
mi = logf — 0 — %eﬂ (0%)2. (66)
The price of a FC bond hence is
qfc = BE; [ewp <—0x§ — %92 (O'*)2>:| ) (67)
= B (68)

B.2.3 LC Bonds

Now, let’s consider a bond, whose payoff is f(x2) in domestic consumption units. If f(z2) = 1, we
are considering a real LC bond. If f(x9) = exp(—m2(x2)), we are considering a nominal LC bond.
The log pricing kernel for pricing assets in local consumption units is

1 1
me = logf — 0x5 — 592 (0*)? + ey — —02 (69)

e
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The price of the bond is

qlLC’f = BE; [exp (—93:3 — %02 (0*)2 49 — ;ﬁ) f(acg)} , (70)
_ 5E [el‘p (—w*xg — oy — 392 (0")2 + &5 — 202) f(:@)] . (71)

Since 73 is independent of 2, and €2 is uncorrelated with all other shocks, the expression for q{

simplifies to

O = BE, [exp <—0)\*x2 o0 (07)" — o (a*)2> f(xg)] (72)
But with 3 L z9 we have that:
(0")? = (Vou)?+ (o). (73)
The bond price (72) hence simplifies further to
400 = 8 [ean (~03m = 307 00202 ) fa2)|. (74)
Defining effective risk aversion as
¢ = 0N, (75)
- eA(U*)Q (76)
o2’
the price of a nominal LC bond then can be written as
¢ = BE [e:cp <—¢x2 — ;q§20§> ea:p(—ﬂg)] : (77)
The price of a real LC bond then equals
qfc’re“l = BE; [e:z:p <—¢xg - ;(;520'326>:| , (78)
= B (79)
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B.2.4 Approximate Risk Premia

Approximate risk premia are

1

yrC — Eymo + §VCLT’17T2 —y1 ¢ & —0Cov(x}, T2 — e2), (80)
= —0Cov(z3,m2), (81)
= O\ Cov(xg,ms), (82)

¢
= O\ O'iBeta(ﬂ'Q, x2), (83)

¢
= 0 (o'*)2 )\Beta(ﬂg, 1‘2) (84)

The parameters 6 and ¢* describe the international investor’s fundamental preferences and are
the same for every country. However, A (the local-global beta) and Beta(za,m2) can differ across
countries. In a cross-section of countries, LC bond risk premia should therefore be proportional to
the product A x Beta(xa,m3).

Of course, the expressions for risk premia (82), (83), and (84) are equivalent and all are correct.
(84) is more useful for comparing risk premia across countries, because 6 and o* are the same for
every country. However, (77) expresses the bond price as the expectation over a function of local
output and directly implies (82). For solving the issuing country’s portfolio choice problem, it is
useful to express bond prices and risk premia in terms of the local output-inflation covariance and
the local output variance, because all other costs and benefits of the issuer scale with o2. Using
expression (83) effectively allows us to factor o2 out of the optimal portfolio choice problem and
makes the solution independent of o, (apart from how it enters into ¢ = 6 x \*).

B.2.5 Full Commitment

We first consider the special case with p = 1. We assume without loss of generality that the
government follows an inflation rule that is a linear function of second period output xs :

g = T+ 0xs. (85)
We can then substitute this policy function into the quadratic loss function (21) and simplify:

=t = a(ﬁ2+52a§)
P~ 2, Yn2.2:2 2 7D20'2 2, P2
+sD (v — @) o + §D s°6%0; + Ts(l —8)° 4+ DoZ(1 —s). (86)

Expression (86) shows that it is optimal to set expected inflation to zero @ = 0. The first-order-
condition for § becomes

(¢ —v)sD

— 87
2a + ys2D? (87)
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The mean, variance, and output beta for period 2 inflation hence become

E17T2 = 0, (88)
— 2420242
Varimg = <¢ 7)"s — J;:, (89)
(2a 4+ ys2D?)
(¢ —7)sD
Bet = - 90
e a(7r27y2> 2a+732D2 ( )

M% as a Taylor expansion in D and keep only terms that are second-

order or lower in D. Intuitively, this corresponds to looking at the limit where D goes to zero
sufficiently slowly that D and D? have a substantial effects on equilibrium quantities, but D3
does not. In our calibration D=0.13, so D? =0.02 and D3 = 0.0022, and we are plausibly in a
situation where D? is small relative to average inflation and bond risk premia. The Taylor expansion

#:1—:134—962—1—(’)(1'3) gives

Now, we express

1+x
D D 52 D? _q
- = = (1- O (D 91
2a + ys2D? 2 ( 2 > +O(D7), (91)
D _
= = D?). 2
2 TOD) (92)

Dropping terms that are third-order in D gives expressions (24) through (26) for the special case
p=1.

B.2.6 No Commitment

Next, we consider the special case with p = 0. We derive the analytic solution for inflation policy
in the no-commitment state using the following first-order expansion for log debt portfolio excess
returns:

zrd ~ (1 —s)ey — s(my — E1my). (93)

While we can solve for the no-commitment policy while retaining the second-order relation between
debt portfolio returns and log inflation, a first-order solution gives more intuitive analytic solutions.
No-commitment inflation is independent of real interest rate shocks, which are not known at the time
of choosing inflation, and of any terms that are constant ex-post, such as risk premia. Substituting
(93) into (21), the period 2 government hence chooses 75¢ to minimize

Ly = ani —sD(my — Eim) + % (z2 + sD(ma — E17r2))2 . (94)

The first-order condition for inflation becomes

sD (1 — ya) vs2D?
= = Elﬂ'z
200+ vs2D? 2+ ys2D?

T =

(95)

7



We can now use (95) to solve for the expectation, variance, and output beta of period 2 inflation

sD

E17T2 == %, (96)
2 2
Varimg = %DQSa (97)
(2a + vs2D?)
_ Y F
Beta (772, ZL'Q) = mSD (98)

Substituting (96) into (95) and dropping third-order terms in D gives the inflation policy function
(22). Dropping third-order D terms in (96) through (98) gives expressions (24) through (26) for
the special case p = 0.

While in the main paper we drop higher-order terms in D, effectively focusing on the empirically
relevant case where D is small, expression (98) has interesting information about higher-order terms
in D. In particular it clarifies why the potential countervailing force alluded to in section 3.5.3 is
dominated. (98) shows that Beta(ma, x2) initially decreases in the amount of LC debt sD, but for
large values of sD it increases in sD. The case of small sD is similar to the limiting case considered
in section 3, where an increase in the LC debt share leads to more countercyclical inflation.

The intuition for the large sD case is that when the amount of LC debt is large, domestic
consumption is close to perfectly hedged. An increase in LC debt therefore reduces the amount
of inflation variation that is required to obtain perfect consumption hedging and makes inflation-
output betas less negative. Since consumption in emerging markets appears far from perfectly
hedged and external Debt/GDP is small, we focus on the case with small sD throughout the

paper.
B.2.7 Partial Commitment

Now, we consider the case for general 0 < p < 1. As before, inflation in the commitment state
optimally follows a rule

TS = T+ 0ya. (99)

We next derive the optimal expressions for 7 and 4. In the no-commitment state, the government
chooses inflation myopically with first-order condition
sD (1 — yx2) vs2D?

nc — _ _ o 1 _ E nc . 100
" 200 4 52 D? + 20 + ys2D? (p7 + (1 — p) E173°) (100)

Expected no-commitment inflation then equals

D 2D?
i 7s - (101)

Eyglc — __ 4 _
172 200 + pysiD?  2a + pys2D? pr
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Unconditional expected inflation equals

Eimy = p7+ (1 —p)Eimy©, (102)

sD 200 + 752]__)2 3
= (1- = — . 103
(1=p) 200 + pysiD?  2a + pys2D? pr (103)

The variance and covariance of period 2 inflation then become

v (1 ) sD 2a N 2
arimy = — = — =T
M2 = PO P o0 T ps2D? 20+ pys2D?
A202 ~
+péPol + (1 —p)———E——5°D?, (104)
(2a + vs2D?)
Covi (22, 72) o2 — (1—p) % .p (105)
ov1(To, T = g, — — ——=5SU.
1{Z2, T2 pooy p 2% + 52 D?

The inflation sensitivity in the commitment state § enters into the variance and covariance exactly as
before, but scaled by the commitment probability p. It hence follows that the optimal commitment
sensitivity ¢ takes the form

s — _(—¢)Ds

20D (106)

Average commitment inflation 7 is chosen to minimize

= = 2
sD 200 + 752D2 _
1— __ + .
“ <( p) 2a+ pys?D? 2« ~ery52D21mr

¥ sD 2a 2
T2 2) 1— _ _ =
+ (a + 9 ? p(l=p) 20+ pys?D? 2+ pys2D27r

(107)
Dividing by common factors, optimal 7 minimizes
a((1-p)sD+ (2a + 7521_)2) pfr)2 + (a + %D282> p(1—p) (sD — 2a77')2 . (108)

Taking the first-order condition of (108) with respect to 7 then shows that inflation in the commit-
ment state equals

7 o= 0. (109)

With the two inflation policy functions, we can then solve for closed-form expressions for the
expectation, variance, and output beta for period 2 inflation, taking the local currency debt share
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s as given:

sD

E = (1—-p)——, 110
1(m2) (1—-p)5- T eiD? (110)
_ 9 )
D — 2~ — _
Vary (me) = p(1—p) ( i 5 -2> +7 po i ¢2))D2320920, (111)
2004 pys“D (Qa—l—’ysQDQ)
(p¢ — ) Ds
Bet = — = 112
€ a(ﬁ27y2) 2C¥+782D27 ( )
Substituting in the inflation policy functions, the expected loss function simplifies to
1— 2D2 1— _ 2 1— 2 DQ 2
;C — p S _ - (’7 ¢) + ( _ p)¢ DQSQO,:% + ’7 JE (1 _ 8)2
2 2a+pys?D?2 2 200 + ys2D? 2
+Da?(1 - s). (113)
Dropping third-order terms in D gives
2 792 2 2
s°D* (¢ —7)" 25 (1-p)¢° 5~
L = (1-p) p T s2D?*0? + T82D203C
D252 -
+VTU€(1—3)2+D¢§ (1—3). (114)

and expressions (24) through (26). Taking the first-order condition of (114) with respect to s gives

D] 2
o — 2a [’7 + l/D} 052 . (115)
(1=p) (1 +¢%03) — (¢ —7)" 03 + 20702

From (115), we derive the comparative static for the local currency debt share with respect to
credibility:

2oL s z__
dp L2a [y +1/D] o2
> 0.

(116)

B.3 Numerical Solution

We solve the model numerically using global projection methods. To reduce the dimensionality of
the optimization problem, we use the following numerical steps.

1. Starting from the analytic solution, we choose the no-commitment policy function to minimize
the expected Euler equation error while holding constant the local currency debt share and
the commitment policy function.
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2. We choose the commitment policy function to minimize the expected loss function, while
holding constant the local currency debt share and the no-commitment policy function.

3. We alternate steps 1 and 2 until the maximum absolute change in both policy functions is
less than 107'2. This gives the loss function at a given local currency debt share.

4. We optimize over the local currency debt share to minimize the expected loss function, where
for every single value of s we repeat steps 1. through 3. to evaluate the loss function.

B.3.1 Functional Form
We solve for commitment- and no-commitment inflation policies of the form
¢ = bi(s) + ba(s)ze + 53(8)1’%, (117)
75 = c1(s) + ca(s)xa + c3(s)x3, (118)

where all coefficients may depend on the local currency debt share s. We start our optimization
routine at the analytic solution, that is

sD

by = — 11
! 2a” (119)
—sD~y
by = 12
2 50 (120)
bs = 0, (121)
Cl] — € —=C3—= 0. (122)

The starting value for the local currency debt share is as given in Table 3 in the main paper.
For given no-commitment and commitment policy functions and a given local currency debt
share, we compute local currency bond prices numerically as

LC
4@

5 = (1-pEy [e:np <—<;5:E2 — ;(;520%) exp(—ﬂ'gc)]

B, [exp (—m - ;zﬂoz) exp(—w@] | (123)

We evaluate the expectation in (123) using Gauss-Legendre quadrature with 30 node points, trun-
cating the interval at -6 and 46 standard deviations.

B.3.2 No Commitment Policy Function

We choose the vector (b1, ba, b3) to minimize the expected squared Euler equation error

Error = 2amy¢— E., (C;w,—w) Dsqfcexp(—wgc), (124)
1
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where we evaluate no-commitment consumption numerically according to

Cgc _ Xexp($2/)z) - D ((1 — s)exp (52 + ;Jg) + Sqfcewp(—wgc)) . (125)
1

We evaluate the expectation F [ETTOTQ] again using Gauss-Legendre quadrature with 30 nodes
and truncating the interval at -6 and 46 standard deviations.

B.3.3 Commitment Policy Function

For a given LC debt share and a given no-commitment policy function, the commitment inflation
policy function minimizes

c,1—v Cnc,l—'y
E; [an3] — pEy | =2 —(1-pE |2 126
1 [and] - pF 1_7] (1-p)E, 1_7], (126)
where we evaluate commitment consumption numerically
c  _ v % N 1 2 ,8 c
Cs = Xexp(xa/X)—D((1—s)exp 52—1—508 + s—gexp(—3) |, (127)
4

and no-commitment consumption and the ratio of bond prices are given by (125) and (123). All
expectations are again evaluated numerically using Gauss-Legendre quadrature using the same grid
points as before.

B.3.4 Numerical Model Moments

We use Gauss-Legendre quadrature to evaluate inflation moments for the numerical solution ac-
cording to

Eymy = pEimg+ (1 —p)Ermy”, (128)
Varim = pE ((wgf) +(1-p) E ((WQC)Q) — (Bym)?, (129)
Beta(ﬂ'g,xg) = (pEl ((ﬂ'g — E17T2).T2) + (1 - p)El ((71'7216 - E17r2):c2)) /O’fC (130)

We obtain the local currency bond risk premium as
1
RPLC = log (tiC) —log ¢F¢ — Eymg + §Var17r2. (131)
B.4 Accuracy of Analytic Solution

Table A.2 shows model moments for the analytic model solution. The analytic solution is remark-
ably accurate, with all model moments broadly similar to Table 4.
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Figure A.1 compares analytic (blue solid) and numerical (red dashed) policy functions while
holding the local currency debt share constant at its numerical solution value of 0.54. Given the
simplicity of the analytic solution, it is very accurate. The main difference is that the numerical
policy function is more convex, bounding no-commitment inflation away from zero in high-output
states.

Finally, Figures B.8 and B.9 reproduce the comparative statics with respect to credibility p and
risk aversion ¢ using the analytic solution. The strong similarity with Figures 4 and 5 indicates
that the analytic model solution is indeed valuable for understanding the drivers of local currency
bond issuance, both qualitatively and even quantitatively.

Table B.4: Analytic Solution for Model Moments

Data Model
Emerging-Developed Low Credibility = High Credibility
Average Inflation 2.00 2.03 0.00
Average No-Commitment Inflation 6.07 6.15 13.00
Inflation Beta -0.21 -0.23 0.00
LC Debt Share 0.63 0.47 1.00
Equity Risk Premium 6.35 6.25 6.25

Note: All moments are in natural annual units. The difference between this table and Table 4
in the main paper is that this table uses the analytic models solution instead of global solution
methods.
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Figure B.7: Numerical Policy Functions
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Note: The top panel shows log inflation (in percent) against log output in percent deviations
from the steady-state in the commitment state. The bottom panel shows log inflation in the no-
commitment state. The solid blue lines show the analytic solutions, while the red dashed lines show

numerical solutions using projection methods.
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Figure B.8: Analytic Solution: Varying Credibility
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Note: This figure differs from Figure 4 only in that it shows the analytic solution instead of the

numerical model solution
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Figure B.9: Varying Effective Investor Risk Aversion
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Note: This figure varies from Figure 5 only in that it uses the analytic solution instead of the
numerical model solution. This figure shows average log inflation, the inflation-output beta, local
currency bond risk premia, and the local currency debt share against effective investor risk aversion
¢ for low credibility (blue solid) and high credibility (red dashed) calibrations. All other parameters
are held constant at values shown in Table 3.
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B.5 Calibration Sensitivity

Table B.5 shows how the model properties change as we change one calibration parameter at a
time. Column (1) reproduces the benchmark calibration for reference. Columns (2) and (3) show
the effect of setting effective investor risk aversion to 0 and 12 respectively. For ¢ = 0, both high and
low credibility governments hit the constraint of a 100% local currency debt share and therefore
the inflation-output betas are almost equal. For ¢ = 12, the model generates reasonable local
currency debt shares, a positive inflation-output beta for the high credibility government, and a
negative inflation-output beta for the low credibility government, similarly to the data. Increasing
the inflation cost a compresses inflation-output betas towards zero, but does not change the model
properties otherwise. Choosing a lower output volatility leaves inflation-output betas and local
currency debt shares largely unchanged, but reduces the equity risk premium. Column (6) shows
that reducing both investor and government risk aversion to 5 compresses the variation in inflation-
output betas and risk premia across low and high credibility governments, but preserves the signs.
Column (7) shows that, on the other hand, increasing the debt-to-GDP ratio increases the gap
between high credibility and low credibility inflation-output betas. Finally, column (8) shows that
reducing the exchange rate volatility to o = 0.11 reduces the local currency debt share for the low
credibility government, but still generates an economically meaningful negative inflation-output
beta.
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B.6 Model Extension: Real Exchange Rate Correlations

There is some empirical evidence that a country’s currency loses value in real terms during reces-
sions. We can extend the model to account for this by modeling the real exchange rate as correlated
with local output

€o = px2 -+ 2, (132)

where p would in general be expected to be positive and v, is assumed to be uncorrelated with xo
and x5. A positive value for p means that the local currency depreciates during recessions. We
take p as given and outside the government’s control.

B.6.1 Quantitative Implications

To preview the results of this model extension, we find that for a plausible value of p the quantitative
model implications are almost unchanged relative to the benchmark model. Since we have found
the analytic model solution to be quite accurate in the benchmark case (see Table B.4), we use the
analytic model solution for the comparison in this subsection. We set p = 0.4 , corresponding to
the empirical value reported in Favilukis et al. (2015). All other parameter values are as in Table
3. Table B.6 compares the analytic solution for the benchmark model (p = 0, columns (1) and (2))
and the model with correlated exchange rates (p = 0.4, columns (3) and (4)). We can see that an
empirically plausible real exchange rate correlation leaves the model implications qualitatively and
even quantitatively unchanged.

Table B.6: Model Extension — Correlated Real Exchange Rate: Empirical and Model Mo-
ments

Benchmark Model Correlated Exchange Rates

Low p High p Low p High p
Average Inflation 2.03 0.00 2.08 0.00
Average No-Commitment Inflation 6.15 13.00 6.30 13.00
Inflation Beta -0.23 0.00 -0.25 -0.06
LC Debt Share 0.47 1.00 0.49 1.00
Equity Risk Premium 6.25 6.25 6.01 6.01

Note: All parameters are as in Table 3, except that we allow real exchange rates to be correlated
with output (p = 0.4) for columns (3) and (4). All moments are in annualized natural units. All
model moments are computed using the analytic solution.
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B.6.2 Bond Prices

The international investor prices contingent claims on real domestic consumption using the stochas-
tic discount factor

1
my = mh+4eg— 02 (133)

The price of a FC bond is exactly as before and equals

¢ = Eilexp(mj)], (134)
= f. (135)
The price of a LC bond now equals
¢ = Eilexp (my —m)], (136)
1 1
= BE; [exp <—d>a:2 + pxa — 5(;52 2 - 5/)2033 — 7['2>:| , (137)
1
= Pexp (—ppos) Er |exp (— (¢ —p)w2—5(¢ - p)20§> exp(—ms) | . (138)
—_———
Effect 1
Effect 2

The new parameter p enters in two ways into LC bond prices. First, if the real exchange rate
depreciates in bad times (p > 0), this makes investing into LC bonds risky, driving down the LC
bond price. This first effect disappears if international investors are risk-neutral (¢ = 0), but is
independent of the state contingency of inflation. Second, p affects how inflation state-contingency
enters into nominal local currency bond prices. This second effect is present even in the case when
investors are risk-neutral (¢ = 0). Even if investors are risk-neutral over international consumption
goods, the marginal utility they derive from one unit of local goods varies and this variation is
given by the real exchange rate. With p > 0, one unit of local consumption is less valuable for an
investor who has preferences over international goods during recessions, so investors price bonds as
if their marginal utility over local goods is lower during recessions. This drives a wedge between
risk premia for real and nominal LC bonds.

Now, we can solve the extended model analogously to before. The price of a real local currency
bond is

g = By lexp(ms)], (139)

= fBexp (—quag) . (140)

The debt portfolio log return in excess of the log return on a local currency real risk free bond is

4 _ og (DlF Cexp (—e2 + 302) + DI Ce"fp(—m)) (141)

= B~ texp (ppo2) V
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Defining
D = B lexp(ppol)V, (142)
we can write period-2 consumption as

Cy = Xy — Dexp(xrd). (143)

B.6.3 Log-Quadratic Expansion for Loss Function

We obtain the following second-order expansion for local currency bond prices
qlLC ~ Pexp (—pqﬁag — Eymy + %VaTﬂTQ + (¢ — p)Covy(xa, 71'2)) . (144)
The approximate risk premium on LC bonds becomes
ylC — Bimy + %Varﬁrg —yFC = —(¢ — p)Covy (29, ™) — pdo2. (145)

We expand portfolio excess returns similarly to Campbell and Viceira (2002)

Q

1 2
mrg + - <wr§l>

5 exp (mr%) -1, (146)

%

(1= sn) (22t 5 (5 + 02) — o) (147)

+$1 (—(7r2 — Eymo) + % ((71'2 — Eymo)? — Var17r2) — (¢ — p)Covy(z2, 772)>

Substituting into the log-quadratic expansion for the loss function, taking expectations, and drop-
ping policy-independent terms gives

_ 1 2
FEi1Ly, = aElw% + DE; [mrg + 3 (mr%) }

_ _ 2
+%E1 [—QD:L‘Q:m“g + D? (:m“%) ] , (148)
= aFm3+D [(1—s1) (0? - ,0(;503%) — 51(¢ — p)Covy (w2, 72)] (149)
+% (2D ((1 - 51)po2 + s1Cov(my, x2)) + D? (1- 51)%02 + S%Varﬂrg)] , (150)
= aBEim3 +s1D(y = (¢ — p))Couvi(2,m2) + D(1 — s1)(y — $)po
+ [D(l —s1)+ %DQ(l - 31)2] o+ %D%%V&rﬂrg (151)

The expected loss function (151) is analogous to (21) in the benchmark model. The new parameter p
enters in two instances. First, it increases the cost of FC debt issuance, thereby further contributing
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to unconstrained governments’ incentives to borrow in LC, acting effectively like an increase in
exchange rate volatility in the benchmark model. The intuition is that if the real exchange rate
depreciates during bad times, it is more likely that the real cost of servicing FC debt spikes during
recessions, when marginal utility of consumption is already high. Second, a positive value for p
alters how the inflation-output covariance enters into the expected loss function. However, the
inflation-output covariance continues to enter into (151) in a way that is qualitatively similar to
the benchmark model and is also quantitatively similar if the real exchange rate-output loading is
smaller than investor risk aversion (e.g. if p <1 and ¢ = 10).

B.6.4 Inflation Policy Functions

The policy function in the no-commitment state is identical to before and equals
The inflation policy function in the commitment state is analogous with effective investor risk-
aversion ¢ replaced by ¢ — p.
SlD
TS = —p—7) —x2. 153
5 (@ =p=7) 522 (153)

The inflation-output beta is the weighted average of inflation-output betas in the commitment and
no-commitment states

81D

Beta(mz, x2) = (p(é—p) =) 5~ (154)
The expected loss function after dropping third-order terms in D becomes
$*D*  (¢—p—17)* 5~ (1=p)(0—p)° 2~
E\Ly = (1-p) 10 . s*D%02 + s s2D?%g?
D? (0% + (v - o? _
+7 ( = ;’Y il x) (1-— 5)2 +D (0? + (v - ¢)pag) (1—3). (155)

Taking the first-order condition of (155) with respect to s; gives

o 20 [y+1/D] (02 + (v = ¢)po?) (156)

(1—p) 1+ (¢ —p)202) — (6 — p—7)* 02+ 2ay (02 + (y — ¢)po2)

Equation (156) shows that the LC debt share increases with credibility, just as before. We only
have to replace effective investor risk aversion by ¢ — p and the variance of exchange rate shocks by
02 + (v — ¢)pa?. If p > 0, the government behaves as if exchange rates were more volatile and FC
debt issuance hence costlier. Moreover, it behaves as if the international investor’s marginal utility
varies less with local output, compared to a world where exchange rate shocks are uncorrelated
with local fundamentals.
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B.6.5 Comparative Statics

The comparative static of the LC debt share with respect to credibility becomes

dsy o 1+(¢—P)2‘7:%
B = 21D 02+ = Fpod)’ (157)

> 0.

To understand how the inflation-output beta changes with the LC debt share, we then derive the
comparative static

dBeta (7, x2) _ OBeta (ma, x2) + 3Beta(772,$2)di’ (158)
ds 0s 8p T;
D (¢6—p)D(y+1/D) (02 + (v — d)po2)
_ a2 . (159
(p(¢=p) =) 5 S 1+ (6—p)o (159)
Direct Ef fect Equilibrium Ef fect

Equation (159) is analogous to (29) in the benchmark model and continues to have the same main
terms, except the expressions are now somewhat more complicated. We can again consider the case
with risk neutral investors (¢ = 0), in which case the comparative static (159) becomes

dBeta (g, x2)

(o)) (g gy 2 - 2RO YD) (o2 4 O 9loon)

2 s 1+ p?02
< 0. (161)

; (160)

Expression (161) shows that when investors are risk-neutral, the model continues to have the
counterfactual implication that in equilibrium the inflation-output beta should rise with LC debt
shares. The conclusion that we need need risk aversion to explain our main empirical stylized fact
therefore continues to hold in the extended model. The first term in (160) is negative, because
with a real exchange rate that depreciates in bad times risk neutral investors want LC bonds that
pay out during good times — after all this is when the local currency has real value in terms of
international consumption goods. The government hence has an even stronger incentive to inflate
in bad states of the world and this incentive increases with the LC debt share. The equilibrium
effect with risk-neutral international investors (¢ = 0) is also unambiguously negative and hence
further contributes to the downward-sloping model-implied relation between inflation-output betas
and LC debt shares if investors are risk neutral.

B.7 Model Extension: Domestic Debt

This section solves a model extension, where debt is held domestically and the government does
not have access to lump-sum taxation. We show that the functional form of the analytic solution
and quantitative model implications are very similar to the benchmark model. The model in this
section has three key features that distinguish it from the benchmark model and make it a model
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of domestic debt: First, debt repayments no longer decrease domestic consumption one-for-one,
but instead real taxes lead to quadratic deadweight losses as in the classic framework of Barro
(1979); Second, investors and the government both care about the same consumption good; Third,
investors and the government have the same coefficient of risk aversion.

B.7.1 Quantitative Implications

To preview the results of the domestic model, we start by showing its quantitative implications.
We compare a calibrated version of the domestic debt model with the benchmark model. For the
domestic debt model, we choose a debt-to-GDP ratio of D = 1, corresponding to the high level of
overall debt-to-GDP ratios for many countries in our sample, especially once pensions and social
security are included, and a small tax distortion parameter 7 = 0.065. A tax distortion parameter
of 7 = 0.065 implies that the log-linear approximate marginal benefit of reducing the real face value
of debt by one percentage point is the same as in the benchmark model and equal to 2x7x D = 0.13
percentage points. All other parameters are set as in the benchmark model. Since we have found
that the analytic solution is accurate for the benchmark model (see Table B.4), we use the analytic
model solution to compare the two models. Overall we find that analytic model moments in Table
B.7 are similar to Table 4, indicating that the bond risks channel of monetary policy credibility
remains quantitatively important in the domestic debt setting.

Table B.7: Domestic Model Extension: Empirical and Model Moments

Benchmark Model Domestic Debt Model

Lowp Highp Lowp High p
Average Inflation 2.03 0.00 1.25 0.00
Average No-Commitment Inflation 6.15 13.00 3.79 13.00
Inflation Beta -0.23 0.00 -0.13 0.00
LC Debt Share 0.47 1.00 0.29 1.00
Equity Risk Premium 6.25 6.25 6.26 6.25

Note: This table compares the benchmark model (columns (1) and (2)) to the domestic debt model
(columns (3) and (4)). The domestic debt model assumes a debt-to-GDP ratio of D = 1 and
tax distortion parameter 7=0.065. All other parameters are as in Table 3. All moments are in
annualized natural units and are computed using analytic model solutions.

B.7.2 Domestic Debt Framework

We now assume that the government does not have access to lump sum taxes. Instead, we assume
that taxes are distortionary, so a debt repayment of Dy has a deadweight cost of 7D2, as in Barro
(1979). For instance, this functional form for deadweight costs could arise if the government only
has access to labor taxes, which distorts labor supply. If raising taxes leads to costly distortion, the
government has an incentive to use the “inflation tax” to reduce the real debt burden and hence
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real taxes. The government resource constraint becomes
Cy = Xo—71D3 (162)

implying that zero taxes have no deadweight costs, but increasing tax burdens have increasing
marginal cost. The government’s loss function is given similarly to before

ci
L2 = 0471'%—12_’7.

(163)

For simplicity, we continue to assume that bonds are priced by an investor whose log stochastic
discount factor is perfectly correlated with the exogenous component of local output with risk
aversion -y :

2
my = log(B) — yxo — %O‘i. (164)
Abstracting from terms in the stochastic discount factor that directly depend on debt repayments
keeps the solution tractable, while capturing risk premia arising from comovement with local eco-
nomic conditions.
LC bonds have real payoffs per face value of exp(—m) and FC bond have real payoffs of
exp(—ea + 302), so LC and FC bond prices become

1
@¢ = E [%P <m2 —&+ 2"2)} ; (165)
= Berp(o?) (166)
and
1
¢ = E [e:cp (logﬁ — yxo — 27205> exp (—7['2):| . (167)

Note that now since investors are domestic, we obtain a new exp(c?) term in the FC bond price
(165). This obtains because investors and the government now care about the same consumption
bundle, whereas in the benchmark model the real exchange rate drives a wedge between the price
of the investor’s consumption bundle and the domestic consumption bundle. We again derive a log-
quadratic approximation to the expected loss function. Expanding consumption log-quadratically

95



in terms of output and the excess return on the debt portfolio

Cy—1, (168)

Q

2
C —C
2+22

Q

Xexp (z2/X) — 7D? (exp(mrf))Z -1, (169)

_ _ _ 2 _ _
= X (exp(w2/X)—1) - rD? [(exp(:m"g) - 1) + 2exp(ard) — 2| + X —7D? — 1,

%

1 22 _ 2 _ _
x9 + 2 _orp? [xrg + (wr%) ] +X —7D?—1. (170)

2X
We again make the normalization that steady-state consumption in period 2 equals one on average,
giving that X = 14 7D?. The log-quadratic expansion for consumption then becomes

L,
C2+ -c5 = X9+

2

122 _ 2
5% —2rD {mg + (mg) ] . (171)

The second-order approximation to the log bond portfolio excess return is
1 2 1
xrd + 3 (xr‘zi) = (1-ys) (52 + 3 (8% - 03)) (172)

1
+s (— (71'2 — E17l'2) + 5 ((7['2 — E171'2)2 — Var17r2> — 700?)(1‘2,71’2))

Substituting back into the loss function for for zr§ + 1 (xrg)z, and ignoring policy independent

2
terms gives

1
Ly ~ ami— <02 + 20%) + %C%, (173)
122 _ 2 _ 2
~ ams— <x2 + 5% —27D? [azrg + (xr%) ]) + % (332 - 2TD21‘T‘S> , (174)
~ an?+2rD? d } n% 2 % Y _4-P2...d 274 n%
R~ 5+ 27 rry + 5 (272 +7D% (zry) + 5 dr D xroxs + 477D (2715 )
~ ams

+27D? [(1 —5) <€2 + % (e3 - "g)>

1
+s <—(7r2 — Eymo) + 3 ((71'2 — E17r2)2 — Var17T2) — ~vCouy (xg,ﬂ'g))]

+(rD* + 277'21_)4) (1- s)%e3 — 2(1 — s)sea(m2 — Eyma) + 81 (w2 — Bima)?)
—2y7D?%x5 ((1 — 8)eg — 5 (M2 — Fy7ma)) . (175)

Debt repayments now are only costly to the extent that they induce deadweight losses, so they
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appear pre-multiplied by 27D?. Taking expectations gives the expected loss function

Fi\Ly = aFEims +21D? x s(y—7) Covi(ma, z2)
SN—— ~~
Inflation Cost Hedging-Nominal Risk Premium
+(7’D2 + 277'2[)4) s2Varymy + (TD2 + 2772D4) (1-— 8)202

Volatility LC Debt Volatility FC Debt

(176)

The expected loss function (176) takes exactly the same functional form as in the main text. Since
the government has the same risk aversion over consumption as local consumers (who are now
also the bond investors), the consumption hedging and nominal risk premium terms cancel ex-
ante, exactly as in our calibration in the main paper, and in contrast to a model with risk neutral
investors. Risk-aversion matters, because it generates an incentive for counter-cyclical inflation if
the no-commitment state is realized in period 2. In addition, both inflation volatility and exchange
rate volatility are now costly both because of utility curvature and because the government wants
to smooth tax distortions across states of the world.

B.7.3 Full Commitment Solution

Under full commitment, it is clear that the government minimizes Em%, so inflation is constant at
ZETOo.

B.7.4 No Commitment Solution

Not taking into account the effect on expectations or risk premia ex post, the government in the
no commitment state minimizes the no commitment loss function

L™ = omg —27D%s (mg — Eqma) + (TD2 + 2772[)4) s2 (mg — E17r2)2
+2y7D%xys (19 — Eymo) (177)

The first-order condition for no-commitment inflation becomes The first-order condition for no-
commitment inflation becomes

27 D?s 2 (TD2 + 2’772D4) 52

nc — — _ 1 _ + _ -
E 20+ 2 (1D? 4 2972D*) 52 (1 =) 2a+ 2 (1D? + 2972D*))s

2E17T2. (178)

Unconditional expected inflation equals

DQ
Bimy = %s. (179)
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Inflation variance and the inflation beta equal

_ 2
27 D25
1% = A2 - _ 2 180
i 7 <2a + 2 (7D? + 2y72D%) 52> T (180)
27 D25
200+ 2 (1D? 4 2972D*) 5%

Betay (mo,z2) = —v (181)

B.7.5 Partial Commitment Solution

We now solve the case 0 < p < 1 and show that the solution has analogous properties to the
benchmark model in the main paper. We solve for inflation in the commitment state as following
a rule

T = T+ 0xa. (182)

We next derive the expressions for optimal 7 and 4. In the no-commitment state, the government
chooses inflation myopically according to the first-order condition
27D2%51(1 — yx2) 2 (rD? + 2y72D*) 2

ne _ Z “ + _ 4 T+ (1 — p)E17he).
e 2042 (7D? 4+ 2972D*) s 2a + 2 (1D? 4 2y72D4))s? (P + (1 = p) 1)

Expected no-commitment inflation then equals

21 D? 2ps? (1D? + 2y72D*
Eymy® = e __, (D nTD) (183)
2a +2ps* (7D +2972D*) 20+ 2ps* (1D + 2972 D)
21 D?
Bt = o T (184)
2a + 2p (TD2 + 277’2D4))32
Unconditional expected inflation equals
Ermy = pr+(1-p)Brimyc, (185)

The variance and covariance of period 2 inflation then become

_ 2
s x 21D? 2a
Varima = p(1—1p) ( )77)

20 + 2ps? (1D? + 2y72D*) 20+ 2ps? (tD? + 2y72D*
Vo
(2a + 2 (D% + 2y72D*) 52)2

%
2a 4+ 2 (D% 4 2972D*4) 5%

+pd%c? + (1 —p) s (27’D2)2 , (186)

Covy(z9,m) = pdoz—(1—p) x 2rD%s (187)
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Inflation sensitivity in the commitment state d enters into inflation variances and covariances exactly
as with full commitment, scaled by the commitment probability p. It hence follows that the optimal
commitment inflation sensitivity is

5§ = 0. (188)

Average commitment inflation 7 is chosen to minimize

aElﬂg + (7'D2 + 2772[)4) $?Varima, (189)
= o (Bymo)® + (a+ (rD? +2y7°D*) s*) Varymo, (190)
_ _ _ 2
(1 —p) x 2rD?%s 2a 4 2s% (1D? + 2y72D*%)) | _
= (87 — — — — p7T
Drop terms ind. of 7 200 + 2ps? (TD2 + 2772D4) 200 + 2ps? (TD2 + 2772D4)

+ (a + (7’]__72 + 2772]__)4) 32) X

_ 2
(1 ) s x 21 D? 2a _
— _ =— — — — T
PR 9at 2ps? (1D? + 2y72D*) 20+ 2ps? (1D? + 2y72D4)
Dividing by common factors, optimal 7 minimizes

o (1= p)s x 27 D% + (20 + 25 (rD? + 2472 DY) pr)?
+ (a + (TD2 + 27721_?4) 82) p(1—p) (3 x 27D* — 2a7’r)2 (191)

Taking the first-order condition of (191) shows that optimal 7 satisfies

0 = 4da(a+s*(rD*+ 27721_)4)) px (1 —p)s x 2rD* + (2a + 25* (1D? + 2y7°D*)) pr)
—4a (a+ s* (rD* +2y72DY)) p(1 — p) (s x 27D — 2a7), (192)

which is equivalent to
7T =0. (193)

With the two inflation policy functions in the commitment and no-commitment states, we can ex-
press expected inflation, inflation variance, and the inflation-output beta, taking the local currency
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debt share as given:

Eqmo

Varyms

Betay (g, x2)

(1 —p) x 2rD%s

A ___ 194

2a + 2ps? (1D? + 2y72D*) (194)
_ 2
(1 ) s x 21D?
P P\ Sa 2ps? (1D? + 2y72D*4)
2 2
CE 2 22
+(1-p) - - s? (2rD?)”, (195)
(2 + 2 (1D? + 2972D*) 52)2 ( )

—(1—-p) 7 x 27D%s (196)

20+ 2 (D% 4 2y72D*4) 52

B.7.6 First-Order Condition for LC Debt Share

Substituting in the expressions for inflation moments, the expected loss function simplifies to

(1 —p) x 2rD%s

FiLy, = — _
12 “ (2a + 2ps? (1D? + 2772D4)>

+ (a + (TD2 + 277'21_?4) 52) p(1—p) <

+(1—p)

_ 2
s x 21D?
2ac + 2ps? (1D? 4 2y72D*)

2 2
VO

(2a 4+ 2 (7D? + 2972D*) s?)
+ (7']__)2 + 277'2]__)4) (1-— 8)20'62,

= (1-p)

552 (2TD2)2>
(197)
(27 D2s)?

1—
LLop

2a+ 2ps? (1D? + 2y72D*4)

2 2
VO

2 (2a+2(7D? + 2v72D*) s?)
+ (7'D2 + 277'2[)4) (1—s)%c2.

s* (2rD?)”

(198)

Equivalently, the government minimizes the scaled expected loss function

led
F L;ca e

Ey1Ly

T (199)

(1-p) 482TD2 i}
2a + 2ps? (1D? 4 2y72D*)
1-p Vo
2 (2a+2(7D? + 2y72D*) s?)
+(1+ 277’D2) (1—s)%c2.

+ 45%1 D?

(200)
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Now, in contrast to externally-held debt, D is plausibly large for domestically held debt. However,
the deadweight cost from taxation is plausibly on the order of magnitude of 5 to 10 percent, in
which case we can treat second-order terms in 7 as small. Dropping second-order terms in 7 leads
to the simplified and scaled expected loss function

2521 D?
Engcaled — (1 _p) T
2 2
+(1-p) 1% 2.2, 2
o
+ (14 2y7D?) (1 — s)%02 (201)

B.7.7 Solution Summary

Similarly, dropping second-order terms in 7 gives the following expressions for expected inflation
and the inflation-output beta:

1 —p)rD?
B, = PTD7s (202)
(6
D2
Betay (ma,a2) = —(1—p) 22, (203)
(6%

As in the main model, the inflation output beta increases with credibility p and decreases with the
LC debt share 2, similarly to equation (26) in the main paper.
Taking the first-order condition with respect to s of (201) gives

(204)
which is clearly increasing in credibility p, with derivative
2 2
d _ g2 2170, . (205)
dp 2a (1/(27D?) + 7) o2

The total derivative of the inflation-output beta with respect to the LC debt share is hence
given by

dBeta(my, v3) _ OdBeta(mg, x2) n dBeta(ma, x2) 1 ’ (206)
ds 0s ap dS/dp
_ _(1 _ p) ’}/’TDQ + ’YTDQS 2a (1/(27—D2) + 7) 0-2 (207)
o « 522 + 720-%
Direct Effect Equilibrium Effect

Expression (207) is analogous to equation (29) in the main paper. As in the benchmark model, the
direct effect generates a downward-sloping relation between LC debt shares and inflation-output
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betas. This is counteracted by the indirect effect, which generates an upward-sloping relation
between LC debt shares and inflation-output betas. In particular, we again need the equilibrium
effect of LC debt shares increasing with credibility to generate an upward-sloping relation between
inflation-output betas and the LC debt share.

B.8 Extension: Dynamic Model

This section specifies a simple dynamic extension of the two-period model, where solutions take
the same form as in the two-period model. This extension illustrates that the solutions to the
two-period model can be interpreted more broadly as the outcome of a dynamic setup. We assume
that log output growth is i.i.d. and log-normal:

Axt = PN, (208)
m =ON(,02). (209)

The government minimizes the expected discounted sum of single-period losses:

Wy = Ey i 8Ly, (210)
t=0
where the period-t loss equals:
()
L = an?- % (211)

The period ¢ loss function can be interpreted as a combination of quadratic inflation costs, as in
the two-period model, and power utility over consumption. We introduce external multiplicative
habit similarly to Abel (1990). Introducing habit formation implies that the government faces a
meaningful trade-off between the marginal cost of inflation and the marginal benefit of consump-
tion along the growth path. Without habit, either the inflation loss component or the consumption
utility component would dominate the loss function as ¢ — oo and there would no longer be a
trade-off between consumption and inflation. We specify habit in terms of lagged output instead of
lagged consumption, because otherwise the government would have an incentive to lower aggregate
consumption to reduce future habit. Specifying habit in terms of lagged output therefore is the nat-
ural extension of external habits to a government, whose policies can affect aggregate consumption
but not aggregate output.

The international investors uses the following real log SDF to price contingent claims on real
international consumption goods:

m; = logd — Az, — %(ﬁzag. (212)

We denote the real exchange rate (in units of FC in terms of LC) by &. We assume that the real
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exchange rate follows a martingale, with the change in the log exchange rate given by:

1
Ae; = st—§a§, (213)
e XN (0,02). (214)

The specification (214) implies that there is no predictability in real exchange rate returns, thereby
precluding any incentive to time the real exchange rate by issuing FC debt. The international
investor hence uses the following log SDF to price contingent claims on real domestic consumption
goods:

1 1
my = logd — Az — 59%)20325 +er — 503, (215)
Prices for FC and LC bonds are then given by
69 = Eii[eap(m])], (216)
Sexp (—on) (217)
~—_——

B

From now on, we use § = dexp (—pu) to denote the growth-adjusted discount rate. The prices for
nominal and real LC bonds equal:

4 = B lewp(mi)exp(—m)], (218)
= BB |erp(~m — sPoR)erp(—m)] (219)

g = Eialexp(my)], (220)
- B. (221)

The exchange rate shock &; drops out of the expressions for real and nominal LC bond prices,
because it is assumed to be uncorrelated with all other shocks.

At the end of period t — 1, after consumption and inflation are realized, the government must
raise a fixed amount that is proportional to output X;_1V by issuing nominal LC and FC debt.
If the government raises face values DFG and DI of LC and FC debt, the budget constraint
becomes:

a9
ilDf_%qf_%Df_% = X,V (222)

The FC debt price enters into the budget constraint (222) divided by the real period ¢ — 1 exchange
FC
rate, because qfi C{ units of international goods translate into gij units of domestic consumption
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goods. We define the period ¢t — 1 local currency debt share as:

LC nLC
D
Sp— —_. 223
t—1 XV (223)
The real domestic resources required to repay the debt portfolio at time ¢ are:
DS | i
g + D exp(—m2). (224)

The FC face value (224) appears divided by the period-t exchange rate &, because the domestic
government must give up Sit units of domestic goods to repay one unit of foreign goods. Similarly
to the two-period model, we define the debt portfolio log return in real domestic goods in excess
of the log real LC bond as

DFC /& + DLC exp(—m;)
d _ t—1/¢t t—162P t
ary = log ( 51X,V , (225)
&
= log ((1 — S)til + Slécewp(_ﬂ-t)> , (226)
&t 4t
= log| (1 —s)exp | —er+ 50¢ + s—eerp(—) | - (227)
9
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B.8.1 Dynamic Model Solution

Now, we guess and verify a particular solution. We guess that the period ¢ objective function can
be written as
ol
W, = an?— 1'5— + t.i.p, (228)
-

where “t.1.p” denotes terms that are independent of period ¢ policy.

We verify that there is a solution of this form by induction and show that it implies a constant
LC debt share. Assume that the solution (228) holds from time ¢ onwards. In period ¢, consumption
equals

Cy = exp(Xi—1) (eazp(u +n) — Vﬁ_lexp(xrf)> , (229)

so the period ¢t government minimizes

o (exp(u+n) — VB eap(ard))
t

Wy = amj — + t.i.p. 230
¢ 11—~ (230)
We define a scaled value function
- W,
W, = E (231)
(exp(p) — VA=) 7
Xeap(iii/X) — D dy)

= amt?—( cap(in/X) = Deap(ar)) +tip.,, (232)

1—x

where

8]
a = , 233
(cap) — VG (235)

- exp(p)
¥ = 234
(exp() — VBT) (234)

_ V1
D = 235
(cep() ~ VB T)' 259
o= Xmn. (236)

By definition, 1+ D = X and therefore the objective function (232) takes the same form as in the
two-period model. At the end of period ¢t — 1, the government’s problem hence is to choose a LC
debt share s;_; and a commitment inflation policy 7§ (7;) to minimize (232), subject to the pricing
relation (218), the debt portfolio return (227), and that the no-commitment inflation policy m}*¢
minimizes F (Wt |7 ). This is exactly the same problem as in the two-period model, so the solutions
for the inflation policy and LC debt shares are also the same. In particular, the ¢t —1 LC debt share
and period t inflation policy functions do not depend on period ¢ — 1 consumption or inflation. It
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follows that W;_; can be written in the form (228). q.e.d.
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