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1 Introduction

How should governments finance their deficits? A long-standing literature argues that gov-
ernments should borrow using state-contingent debt to smooth fluctuations in domestic
consumption or tax rates (for instance, Barro (1979); Bohn (1990a,b); Calvo and Guidotti
(1993); Barro (2003); Lustig et al. (2008)). Debt that is denominated in a country’s own
currency is thought to help achieve this desired state-contingency, because the government
can vary inflation to reduce the real debt burden in bad times.

In this paper, we demonstrate empirically that governments whose local currency (LC)
debt provides them with greater hedging benefits actually borrow relatively more in foreign
currency (FC). This relationship is puzzling from the perspective of the theory of optimal
government debt issuance. We explain it by adding two features to an otherwise standard
debt portfolio choice model: risk-averse lenders and lack of inflation commitment. If inter-
national lenders are risk-averse and global and domestic output are correlated, lenders will
require a risk premium for holding debt that pays off poorly in domestic downturns. In
our model, a government that cannot commit to an inflation policy rule ex ante will use
counter-cyclical inflation ex post to smooth domestic consumption more than is optimal. As
a result, lenders charge governments without commitment a risk premium on their LC debt,
and these governments face a strong incentive to borrow in FC debt instead in order to lower
their expected borrowing costs.

We start by investigating empirically whether governments that borrow in LC debt ac-
tually use that debt to smooth domestic consumption. Our sample is determined by the
availability of long-term LC bond return data and comprises 11 developed markets and 17
emerging markets over the period 2005-2014. We measure the hedging properties of LC debt
for the domestic borrower with the regression beta of LC bond excess returns on local stock
market excess returns.? We refer to this measure as the bond-stock beta. We estimate a
significant degree of cross-country heterogeneity in bond-stock betas. If LC bonds tend to
fall in value at the same time as the local stock market, then the bond-stock beta will be
positive. In that case, LC debt loses value exactly when a reduction in debt is most valuable
to the borrowing government, thereby insuring the borrower against economic downturns.

Therefore, if governments borrow with LC debt to take advantage of the domestic smooth-

2Here, the domestic stock market serves as a proxy for domestic consumers’ stochastic discount factor.
If there is a benevolent government and a representative consumer, as in our model, the government’s and
consumer’s stochastic discount factor will coincide.



ing benefits traditionally emphasized in the literature, we should find a positive relationship
between a country’s bond-stock beta and its LC debt share. By contrast, we find a strong
negative relationship between the L.C share in government debt and a country’s bond-stock
beta. This pattern holds for the currency composition of total sovereign debt, as well as
three measures of the currency composition of external sovereign debt held by international
investors.

We next provide evidence that the cyclicality of LC bond returns is driven by macroe-
conomic dynamics and, in particular, the cyclicality of inflation expectations. If the real
burden of LC debt is indeed state-contingent due to inflation variability, LC bond returns
should move inversely with inflation expectations. This logic suggests that countries with
the lowest bond-stock betas should have the highest betas of inflation expectations with
respect to the business cycle. We confirm this prediction in the data, measuring the cycli-
cality of inflation expectations using the beta of long-term inflation forecasts with respect
to long-term output growth forecasts from Consensus Economics. This finding is robust to
using the beta of realized inflation with respect to realized industrial production instead of
survey expectations for inflation and output.

Two pieces of evidence demonstrate that the LC bonds with the best hedging value for
the borrowing government are also the riskiest for international lenders. First, the bonds
with the highest beta with respect to the local stock market also have the highest beta with
respect to the US stock market. Second, international lenders expect to be compensated for
bearing this risk, as captured by higher LC bond risk premia. In addition, we show that
cross-country differences in LC bond risks are correlated with the governments’ inflation
credibility, based on a text-based measure from newspaper word counts. These links provide
the empirical motivation for our model, where the ability to commit to an inflation policy
function drives both the cyclicality of inflation and the LC bond risk premium, and therefore
the equilibrium choice of the currency composition of debt.

We present a two-period model to explain the relationship between the choice of borrow-
ing currency and the hedging properties of LC debt documented in the data. We consider
two types of governments — one that can commit to a future inflation policy and one that
cannot. The ability to commit is an exogenous characteristic of the government. Both the
currency composition of government debt and the hedging value of L.C debt are endogenous
and chosen optimally by the government. Crucially, debt is priced by risk-averse lenders,
whose stochastic discount factor (SDF) is assumed to be correlated with domestic output.
A government with commitment sets its inflation policy as a function of domestic output,
before domestic output is realized, and before its debt is priced and sold to international

lenders. Such a government balances its desire to smooth domestic consumption against the



risk premium lenders will charge it for inflating more in bad times. By contrast, a govern-
ment that lacks commitment and operates under discretion chooses inflation after the debt
has been priced and sold and after observing the state of the domestic economy.

The model has two key results. First, governments without commitment choose more
counter-cylical inflation than governments with commitment for a given LC debt share. This
is because governments without commitment do not internalize the effect of their counter-
cyclical inflation policy on the LC bond risk premium. To show this, we characterize the
inflation policy functions of the two types of governments analytically by log-linearizing their
first-order conditions in a simplified special case. Second, governments without commitment
tilt their borrowing towards FC debt. They do so in order to reduce their expected borrowing
costs arising from the LC bond risk premium. FC debt also acts as a commitment device
to limit the government’s own incentive to generate counter-cyclical inflation in the future,
thereby lowering the LC bond risk premium ex ante.?

We then demonstrate that this mechanism can quantitatively explain the empirical pat-
terns. We calibrate the model twice, once for a government with commitment (“Developed
Markets”) and once for governments without commitment (“Emerging Markets”). These
differences in credibility can generate the empirically observed cross-country relationship be-
tween bond cyclicality and the currency composition of sovereign debt. With risk-neutral
lenders, however, the model cannot generate the negative relationship between LC bond-
stock betas and LC debt shares that we see in the data. This is because when international
lenders do not charge a risk premium for insuring domestic consumption risk, the ability to
commit affects only the average level but not the cyclicality of inflation. The qualitative
relationship between LC bond-stock betas and LC debt shares is not sensitive to the value
of the international risk aversion parameter, provided that it is greater than zero. Quanti-
tatively, a relatively high degree of international risk aversion is required to match the level
of the LLC bond risk premium and the LC debt share in DMs and EMs.

This paper contributes to the extensive literature on optimal government debt manage-
ment by showing that bond risk premia are a powerful driver of LC debt issuance across
countries. The standard result in this long-standing literature prescribes that governments
borrow with state-contingent debt that lowers debt repayments in recessions (Barro, 1979;
Lucas and Stokey, 1983; Bohn, 1988, 1990b), in contrast to the patterns we document in the

3Separately from the implications for inflation cyclicality, a lack of commitment also leads to higher
inflation on average in our model.



data.?t

This paper also contributes to the literature on “original sin” (Eichengreen and Hausmann
1999, 2005), the tendency of emerging market governments to borrow from international
lenders in foreign currency. Du and Schreger (2016b), Ottonello and Perez (2019), and Engel
and Park (2018) examine the shift of emerging market governments towards borrowing in
their own currency. The prior theoretical literature linking debt levels and inflation argues
that a lack of commitment leads to inflation that is too high on average (Bohn, 1988; Calvo
and Guidotti, 1990; Missale and Blanchard, 1994; Barro, 2003; Alfaro and Kanczuk, 2010;
Diaz-Giménez et al., 2008). However, a model where a lack of commitment affects only the
average inflation level and not its cyclicality cannot explain why the hedging properties of LC
debt vary across countries as we see in the data. We emphasize the cyclicality of inflation,
which is what drives LC bond risk premia and hence raises the real cost of borrowing in LC.

We also contribute to the international asset pricing literature. A growing literature
has argued that international bond and currency risk premia depend on the comovement of
returns with a priced factor, and, in particular, international lenders’ consumption stream
(Harvey, 1991; Colacito and Croce, 2011, 2013; Karolyi and Stulz, 2003; Lustig and Verdel-
han, 2007; Lewis, 2011; Borri and Verdelhan, 2011; Lustig et al., 2011; David et al., 2016;
Della Corte et al., 2016; Xu, 2019). We show that these risk premia have real effects on
government fiscal policy. Similarly to Hassan (2013) and Hassan et al. (2016), we argue that
government bond yields reflect the insurance value for lenders, even though the source of
comovement that we focus on — monetary policy credibility — is different.

Finally, we contribute to a recent literature on time-varying bond risks (Baele et al.
(2010); David and Veronesi (2013); Campbell et al. (2017); Ermolov (2018); Duffee (2018);
Campbell et al. (2019)), which is primarily focused on the US and the UK. Different from
those papers, we focus on cross-country patterns in bond-stock correlations.

The structure of the paper is as follows: In Section 2, we present new stylized facts
on the relationship between the hedging properties of LC bonds and shares of LC 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 LC bond risks. Section

5 concludes.

4The existing literature that features risk-averse lenders does not tackle the problem of the currency
composition of debt portfolios. For example, Lustig et al. (2008) study nominal debt issuance with perfect
commitment in the domestic context, Debortoli et al. (2017) examine the optimal maturity structure of real
government debt, and Broner et al. (2013) study the maturity choice of FC debt issuance.



2 Empirical Relation Between Local Currency Bond

Risks and Local Currency Debt Shares

We first document that the hedging properties of LC bonds show economically and statisti-
cally significant variation across countries. We then investigate empirically whether countries
where LC debt offers greater hedging benefits for the domestic borrower choose to have more
of it, as prescribed by standard theory of optimal government debt. In contrast to this in-
tuition, we present robust empirical evidence that countries with the lowest LC debt shares
also have the most pro-cyclical LC bond returns. In other words, the countries who rely on
LC debt the least actually have the LC bonds that offer the best consumption-smoothing

benefits to the borrower.

2.1 Measuring Cyclicality of Nominal Risk and LC Debt Shares

We examine a cross-section of countries as permitted by the availability of long-term LC debt
data. We include 11 developed markets (Australia, Canada, Denmark, Germany, Japan, New
Zealand, Norway, Sweden, Switzerland, the United States, and the United Kingdom) and
17 emerging markets (Brazil, Chile, Colombia, the Czech Republic, Hungary, Indonesia,
Israel, Malaysia, Mexico, Peru, Philippines, Poland, Singapore, South Africa, South Korea,
Thailand, and Turkey).” We exclude developed markets in the euro area, except for Germany,
due to the lack of independent monetary policy. We exclude China, India and Russia due
to restrictions on foreign holdings of LC government debt for a large part of our sample.
Because for most emerging markets in our sample LC government bond curves are available
starting in the mid-2000s, our sample covers the period 2005—2014 to maintain a balanced
panel.’

Since our cross-country sample is constrained by the availability of long-term LC bond
markets, we naturally have a limited number of sample countries that constrains our cross-
country analysis. However, our cross-country sample represents an improvement over much
of the existing literature on sovereign debt, which has focused on a subset of our sample coun-

tries and examined emerging and developed markets separately. The larger cross-country

5We provide a list of local currency names and three-letter currency codes for our sample countries in
Appendix A.1.

SFor LC bond yields, we primarily use Bloomberg fair value (BFV) curves. We use the five-year tenor,
which has the most consistent data availability across a wide range of countries. BF'V 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 have only a handful of fixed-rate bonds and hence do not have a BF'V curve.



sample allows us to provide the first systematic treatment of cross-country differences in LC
bonds” hedging properties.

We use three empirical approaches to measure the hedging value of LC bonds from
the perspective of the domestic borrower. First, we use betas of LC bond returns with
respect to the domestic stock market. Here, the domestic stock market serves as a proxy for
domestic consumers’ stochastic discount factor (SDF). Under the assumptions of a benevolent
government and a representative domestic consumer, as we assume in the model, the SDF
of the government and that of the domestic consumer coincide. Second, we estimate betas
of two-year inflation forecasts with respect to two-year domestic output forecasts. Third, we
estimate betas of realized inflation with respect to domestic industrial production.” Finally,
we compare these betas to the LC bond beta with respect to the US stock market. Here, we

use the US stock market to proxy for the SDF of international investors.

2.1.1 Cyeclicality of LC Bond Returns: Bond-Stock Beta

Our primary proxy for the hedging value of LC bonds is the beta of LC bond returns with
respect to local stock returns. We use the beta of LC bond returns with respect to the
local stock market to capture the hedging benefit of LC debt for domestic consumption,
as emphasized by the literature on optimal government debt. Intuitively, a positive LC
bond beta indicates that the real expected value of debt repayments declines when the
domestic marginal utility of consumption is high, and therefore borrowing with LC debt
reduces the domestic consumption volatility. Our benchmark cyclicality measure is based
on asset returns, because bond and stock returns are available at higher frequency than
macroeconomic data, thereby leading to more precise estimates in a short time series.

We use excess returns of LC bonds and equities over the LC T-hill rate in local currency.
We denote the log annualized yield on a nominal L.C n-quarter bond in country i at quarter
t by yfft The quarterly log holding period return on the bond is given by:

riL,S,tH ~ Tim,tyiL,St - (Ti,n,t - 1/4)%L,nc—1,t+1»
where 7;,, is the duration of the LC bond in years.® We let yflct denote the log annualized
3-month local T-bill yield that can be earned by holding the T-bill from time ¢ to time ¢+ 1.

“In Appendix A.4.7, we also estimate the betas of realized inflation with respect to GDP for an extended
cross-section of 107 countries.

8In practice, we approximate yiL,E_Lt 41 by yfg 141 for the quarterly holding period. We also make the
approximation 7; 5+ ~ 5 for the five-year par yield.



Then the log quarterly excess return on LC bonds over the short rate is given by:

T = T — Y/ 4

From the perspective of the local government, the LC bond excess return over the T-bill
rate captures the real excess burden of LC bonds over the government’s short-term funding
rate. Therefore, the cyclicality of these excess returns with respect to local equity excess
returns captures the hedging benefit of LC bonds for the domestic borrower. From the
perspective of an international lender, these LC excess returns are approximately equal to
an excess return measured in US dollars (USD). Movements in the LC/USD exchange rate
have the same first-order effect on the long position in the bond and the short position in
the T-bill. Therefore, the holding period excess return measured in LC is approximately
equal to the excess return measured in USD.? By focusing on the LC bond excess returns
over the LC T-bill rate, we are able to largely abstract from currency risk and focus on the
duration risk of long-term bonds, which is arguably more closely related to the credibility of
domestic monetary policy. This connects our work to the literature on the macroeconomic
determinants of bond duration risks in a domestic setting, typically done for the US or a
small number of developed countries (for example, Baele et al. (2010); Campbell et al. (2009);
David and Veronesi (2013); Duffee (2018); Campbell et al. (2019)).

We define the local equity log excess return as the log quarterly return on local benchmark
equity over the log LC T-bill:

xrﬁﬂ = (pﬁﬂ - P;nt) - yi[:ft/é‘:v

where py denotes the log benchmark equity return index in country 7 at time ¢{. We obtain
data on the benchmark equity return index from Bloomberg.

We then compute the local bond-stock beta, 3(bond;, stock;), by regressing LC bond log
excess returns on local equity log excess returns:

ari$, = a; + B(bond;, stock;) x xrl} + €. (1)

To improve the precision of our beta estimates, we use data that is more finely sampled than
the return period, following a long literature starting with Hansen and Hodrick (1980). In

particular, we estimate Eqn. (1) using daily observations on overlapping one-quarter holding

9Since the price of the LC bond may increase or decrease at the end of the holding period, the international
lender’s dollar returns would be slightly different. We show in Appendix A.4.4 that bond-stock betas are
nearly identical if instead we use the exact USD excess returns earned by an international lender with a long
position in the bond (or stock) and a short position in the LC T-bill.



period excess returns. We use a tenor of n = 20 quarters. We use [(bond;, stock;) as the key
measure for the hedging properties of LC bonds for the domestic borrower. The LC bond is
a good hedge for the borrower if 5(bond;, stock;) > 0 and a risky instrument for the borrower
if B(bond;, stock;) < 0.

2.1.2 Cyeclicality of Inflation Expectations: Inflation-Output Forecast Beta

To the extent that macroeconomic factors are important in driving LC bond return cycli-
cality, we would expect an inverse relationship between LC bond-stock betas and the betas
of inflation onto output expectations. The intuition is that an increase in inflation expec-
tations should lead to lower LC bond returns, and increased expected economic activity
should lead to higher stock returns. We construct a new measure for the pro-cyclicality
of inflation expectations. Our choice of variables is dictated by the availability of inflation
and business cycle forecasts. Each month, professional forecasters, surveyed by Consensus
Economics, forecast inflation and GDP growth for the current and next calendar year. We
measure the cyclicality of inflation expectations by regressing the change in the consumer
price index (CPI) inflation rate predicted by forecasters on the change in their predicted real
GDP growth rate. We pool all revisions for 2006 through 2013 (so that the forecasts were
all made post-2005) and run the regression for country i:

Aﬂf:mey —a+ B(Trfurvey7g dpiSurvey) « Ag dpf;trvey T, 2)
where ¢ indicates the date of the forecast revision. The revisions to inflation forecasts
(Awf Yy and GDP growth forecasts (Agdp, ") are percentage changes of mean forecasts
made three months before. The coefficient 3(x2*™*%, gdp?™™*®) 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 Economics has forecasts for 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 ahecad. We focus
on revisions to the two-year forecast (13—23 months ahead) to minimize variation in the

forecast horizon.

2.1.3 Cyeclicality of Realized Inflation: Realized Inflation-Output Beta

While asset prices are forward-looking, and hence are most naturally linked to inflation and
output forecasts, 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:!°
Amyy = a;+ B(mi, IP)AIP;, + €, )

where Am;,; is the 12-month change in the year-over-year inflation rate, and AP, is the
12-month change in the year-over-year industrial production growth rate. We estimate Eqn.
(3) using monthly overlapping data of 12-month changes. The coefficient 3(m;, I P;) measures
the realized inflation cyclicality with respect to output. We obtain the seasonally adjusted
CPI and the industrial production index from Haver Analytics between 2005 and 2014.

2.2 Local Currency Debt Shares

In this section, we discuss how we measure the LC debt share. We measure the LC debt
share in several different ways and show that our empirical findings are robust whether we
use the LC share in debt held by all investors or the LC share in debt held by external
(i.e. non-domestic) investors. The advantage of considering the LC debt share of total debt
is that in practice governments have direct control over the LC debt share in total debt
outstanding, suggesting that it might be a good measure of optimal debt policy. Moreover,
empirical proxies for the LC debt share in all debt are more precise than those for the LC
debt share held by external investors. On the other hand, it is important to consider the
external LLC debt share, because inflating away LC debt is only an aggregate transfer of
resources to the domestic economy when the debt is owned by international lenders. Under
the assumptions of lump-sum taxes and a representative domestic consumer, government

debt held by domestic lenders does not affect the optimal inflation policy.!

2.2.1 LC Share in Total Government Debt

For developed countries, we construct the share of LC debt based on the OECD Central
Government Debt Statistics and supplement this data with hand-collected statistics from
individual central banks.!?

For emerging markets, we measure the share of LC debt in total government debt using

10We use industrial production because it is available monthly, whereas GDP and consumption are only
available quarterly for most of our countries. Using overlapping observations increases the precision of our
estimates. In Appendix A.4.7, we also estimate the realized inflation-output beta using GDP for a large
number of countries.

HWe formalize this argument in Appendix B.2.

12The OECD Central Bank Debt Statistics database was discontinued in 2010. We collected the statistics
between 2010 and 2014 from individual central banks.



the Debt Securities Statistics from the Bank for International Settlements (BIS), supple-
mented with statistics from individual central banks. Table 16C of the BIS Debt Securities
Statistics reports the instrument composition for outstanding domestic bonds and notes is-
sued by the central government (D%™) starting in 1995. Table 12E of the BIS Debt Securities
Statistics reports total international debt securities outstanding issued by the general gov-
ernment, (D). For emerging markets, Di"* offers a good proxy for central government FC
debt outstanding because the vast majority of sovereign debt issued in international markets
is denominated in foreign currency, and local governments rarely tap international debt mar-
kets. The share of LC debt is computed as the ratio of the fixed-coupon domestic sovereign

debt outstanding (Df om.f ) over the sum of domestic and international government debt:

D;lom,fz:c

St = Dglom + Dznt

Inflation-linked debt, floating-coupon debt, and FC debt are all treated as real liabilities.

2.2.2 LC Share in External Government Debt

We estimate the share of LC in government debt held by international investors from three
independent and complementary data sources. First, we calculate the share of LC debt in
government debt owned by US domiciled investors. US investors report their security-level
holdings as part of the Treasury International Capital (TIC) data. We calculate the LC debt
share by dividing the total value of government debt in the borrowing country’s currency by
the total amount of that country’s sovereign debt owned by US investors. The advantage
of this data, and the reason we use it as our benchmark external debt share, is that it is
available over the full sample over which we measure the bond-stock beta. The primary
drawback is that it is limited to US investors.

The second proxy of the LC debt share in externally held debt is the share among
global mutual funds based on Morningstar data from Maggiori et al. (2019). The advantage
of this data is that it includes not only US mutual funds, but also those from the euro
area, Great Britain, Canada, and several other developed countries. The Morningstar data
complements the US TIC data by demonstrating that our results hold for global investors.
Its drawback is that mutual funds are only one part of global portfolio flows. However,
Maggiori et al. (2019) demonstrate that mutual fund investors are largely representative of
aggregate portfolio investment.

Third, we make use of the enhanced BIS locational banking statistics (LBS) available to
central banks. Starting in 2013Q4, the enhanced BIS LBS reports holdings of government

10



securities of BIS reporting banks by currency.'® In terms of the currency breakdown, the BIS
LBS reports debt outstanding denominated in US dollars, euros, British pounds, Japanese
yen, Swiss francs, and all other currencies as an aggregate. We treat the “all other currencies”
field as the local currency of the sample country, except for countries where the local currency
is a direct reporting currency (i.e., the United States, Germany, the United Kingdom, Japan,
and Switzerland). We average the BIS LC debt share over 2014Q1 to 2017Q2.

2.3 Summary Statistics

Figure 1 plots our LC bond-local stock beta, B(bond;, stock;), estimated from Eqn. (1) by
country. The 95 percent confidence intervals are based on Hansen-Hodrick standard errors
with 120-day lags.'* The betas are precisely estimated and most of them are statistically
significantly different from zero. Developed markets (shown in green) generally have negative
bond-stock betas, and emerging markets (shown in red) have higher bond-stock betas, with
many countries having positive bond-stock betas. Even within emerging markets, we docu-
ment economically and statistically significant cross-country heterogeneity in LC bond-stock
betas.

Table 1 reports summary statistics across countries. Emerging market realized inflation
is 2.2 percentage points higher than in developed markets (Column 1), and survey-based
expected inflation is 1.8 percentage points higher in emerging markets than in developed
markets (Column 2). For LC bonds, five-year LC yields are 3.4 percentage points higher
in emerging markets than in developed markets (Column 3). The hedging properties of LC
bonds are significantly different between emerging and developed markets. L.C bond returns
are more pro-cyclical in emerging markets than in developed countries (Column 4), and
expected inflation and realized inflation are more counter-cyclical in emerging markets than
in developed countries (Columns 5 and 6).

Table 2 reports summary statistics for our four LC debt share measures, i.e. the LC
share in total debt, and the LC share in external debt based on US TIC Data, global mutual
fund holdings from Maggiori et al. (2019), and the BIS LBS. We see that developed market
governments borrow almost completely in LC, but emerging markets” LC debt shares are
only 61% of total debt and 55% of external debt according to TIC data. Unsurprisingly,
total debt is always weighted more towards LC debt than external debt. Some differences

across the three external debt measures are due to the fact that the data are available over

BPrior to the data enhancement, the earlier BIS LBS did not contain a sectoral breakdown between
governments and non-financial corporates. We note that the coverage of the BIS LLBS data on cross-border
holdings of government debt securities is incomplete among BIS reporting countries. Our estimates are only
based on the reporting countries that provide data on banks’ holdings of government debt securities.

14The regression table for individual bond-stock betas is reported in Appendix A.3.

11



different time periods. In Appendix Figure A.1, we show that LC currency debt shares based
on TIC and Maggiori et al. (2019) are nearly identical in 2015.

Figure 1: Individual Country Bond Betas
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Note: This figure plots the beta of LC bond log excess returns onto local log equity excess returns estimated
as in Eqn. (1) for each country. The green dots denote point estimates for developed markets. The red
dots denote point estimates for emerging markets. The vertical bars denote 95% confidence interval based
on Hansen-Hodrick standard errors with 120-day lags.
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Table 2: Summary Statistics for LC Debt Shares in Total and External Government Debt

) @) &) @)

Measure sror SIIC GMNS $BIS

Years 2005-2014  2007-2014 2015 2014-2017
(A) Developed Markets

Mean 89.16 89.73 87.85 69.58

S.d. 11.33 14.04 12.59 35.48

Max 100.00 100.00 99.75 99.89

Min 65.91 55.92 65.79 8.79

(B) Emerging Markets

Mean 61.17 54.56 63.96 45.42
S.d. 25.52 28.81 26.83 30.34
Max 100.00 100.00 99.40 99.85
Min 11.97 7.57 20.32 8.26

(C) Full Sample

Mean 72.16 68.37 73.35 54.91
S.d. 25.04 29.51 25.03 34.00
Max 100.00 100.00 99.75 99.89
Min 11.97 7.57 20.32 8.26

(D) Mean Difference between Emerging and Developed Markets
Mean Diff. ~ 28.00%**  35.17%**  23.89%** 24.16*
(7.09) (8.19) (7.55) (12.92)

Note: This table reports summary statistics for four variables for developed and emerging market groups.
The variables include (1) s79T percentage share of LC debt in total sovereign debt portfolios for the period
2005-2014, (2) sT!¢, percentage share of LC debt in US holdings of sovereign debt, 2007-2014, (3) sMNS,
percentage share of LC debt in foreign mutual fund holdings of sovereign debt in 2015 from Maggiori et al.
(2019), (4) sP19, percentage share of LC debt in holdings of government securities of BIS reporting banks
from the enhanced BIS locational banking statistics (LBS) for the period 2014Q31-2017Q2. Panel (A) reports
results for developed markets. Panel (B) reports results for emerging markets. Panel (C) reports results for
the pooled sample. Panel (D) tests the mean difference between developed and emerging markets. Robust
standard errors are reported in parentheses. Significance levels are denoted by *** p<0.01, ** p<0.05, *
p<0.1.

2.4 LC Debt Shares and Bond Risks

Figure 2 summarizes our key empirical finding. Panel (A) shows a clearly downward-sloping
relationship between LC bond-stock betas and the LC debt share of total government debt.
Panel (B) shows a similar relationship with the LC debt share in externally-held debt from
TIC. This result is puzzling from the perspective of standard optimal government debt

theory, because a positive LC bond-stock beta indicates that LC debt helps the borrower
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hedge the volatility of domestic consumption.

Table 3 examines this relationship more formally and presents cross-sectional regressions
of the total L.LC debt share on measures of LC bond and inflation cyclicality. The first column
shows that a 0.17 increase in the bond-stock beta, corresponding to the average difference
between emerging and developed markets, is associated with a 18 percentage point reduction
in the LC debt share and this relation is statistically significant at the 1% level. Columns
(2) and (3) show that LC debt shares decrease with expected and realized inflation-output
betas, as one would expect if LC bonds fall with inflation and stocks rise with output.
Column (4) shows that the baseline relation is robust to controlling for mean log GDP per
capita, the exchange rate regime, and the share of commodities in total exports.!> We
also control for the beta of the local stock market on the US stock market in order to
ensure that the results are not driven by differences in whether a country’s equity market
is risky for international lenders. These consistent results across asset price based and
macroeconomic cyclicality measures provide important motivation for our model, suggesting

that macroeconomic factors are key drivers of LC bond risks and returns across countries.

15We use the exchange rate regime developed by Reinhart and Rogoff (2004) and the commodity share is
defined as the sum of “Ores and Metals” and “Fuel” exports as a percentage of total merchandise exports
from World Bank World Development Indicators.
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Figure 2: Local Currency Debt Shares and Bond Betas
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Note: Panel (A) shows the share of LC debt as a fraction of total central government debt (in %) over the
period 2005-2014 vs. the LC bond-local stock beta. Panel (B) shows the share of LC debt in US investors’
holdings of government debt from the TIC data over the period 2007-2014 vs. the LC bond-stock beta. For
each country, the LC bond-stock beta is estimated as the slope coefficient of quarterly LC bond log excess

returns onto local stock market log excess returns over the same time period:

L
xriﬁt = a; + B(bond;, stock;) x iy + €t

Emerging markets are shown in red and developed markets in green. Three-letter codes indicate currencies.
For a list of currency codes, see Appendix A.1.
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Table 3: LC Debt Shares in Total Government Debt onto LC Bond Cyclicality

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

Local Currency Debt Share sror shor sror sror
B(bond,, stock;) -106.64*** -03.25%*
(20.37) (35.63)
B(qurvey’gdpfurvey) 58,61 H*
(13.95)
B(m:, IP;) 68.84%*
(34.91)
B(stock;, stockys) 11.21
(24.48)
log(GDP) 2.99
(4.53)
FX Regime 0.43
(3.87)
Commodity Share -0.23
(0.25)
Constant T2.54%** 56.42%**  71.93%** 36.93
(4.29) (5.89) (4.65)  (51.51)
Observations 28 28 28 28
R-squared 0.30 0.32 0.06 0.38

Note: This table shows cross-country regressions of the LC debt share in total central government debt, s”97

(between 0 and 1), on measures of bond return and inflation cyclicality. The independent variables in the first
three columns are the bond-stock beta 8(bond;, stock;), the inflation forecast beta 3 (ﬂ'f urvey. gdpf“mey), and
the realized inflation-output beta f(m;, IP;), as described in Table 1. In column (4), we control for the local
stock-US stock beta S(stock;, stockys), average log per capita GDP between 2005 and 2014, the average
exchange rate classification from Reinhart and Rogoff (2004), and the commodity share of exports. The
local stock-US stock beta ,S(stock;, stockys), is estimated as the regression coefficient of local log excess
stock returns onto US log excess stock returns. The commodity share of exports is defined as the sum
of “Ores and Metals” and “Fuel” exports as a percentage of total merchandise exports from World Bank
World Development Indicators. More details on variable definitions can be found in Section 2. Standard
errors are based on Huber-White robust standard errors and bootstrap standard errors from a wild bootstrap
(Davison and Hinkley (1997)), whichever one is larger. Appendix A.6 provides further details of the bootstrap
procedures and how they account for correlated estimation error in the betas. Significance levels indicated
by *** p<0.01, ** p<0.05, * p<0.1.

In Table 4, we perform the same exercise for our three measures of the currency compo-
sition of external sovereign debt. We find that the slope coefficient for the bond-stock beta
is quantitatively unchanged compared to Table 3 and highly statistically significant. These
results provide a bridge to the theoretical framework, where we focus on the government

borrowing from international lenders.
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Table 4: LC Debt Shares in External Debt onto LC Bond Cyclicality

M ) ) () 5) (6)
Local Currency Debt Share sTe sMNS sBIS ste sMNS sBIS
B(bond;, stock;) -136.36%**  _104.94%**  _126.00%%*  -107.84*%*  -99.44**  _-151.00%*
(25.37) (22.16) (30.00) (51.28) (35.52) (54.41)
B(stock;, stocky g) 1.11 5.89 -2.75
(22.20) (23.24) (29.89)
log(GDP) 4.61 1.18 -4.26
(5.86) (4.76) (7.41)
FX Regime 2.04 5.17 -0.36
(4.07) (4.20) (7.69)
Commodity Share -0.33 -0.23 -0.35
(0.24) (0.23) (0.26)
Constant 68.85%** 73.72%K* 55.35%%* 25.01 46.83 107.85
(4.84) (4.25) (6.05) (56.07) (51.59) (66.09)
Observations 28 28 28 28 28 28
R-squared 0.36 0.30 0.23 0.45 0.36 0.28

Note: This table shows cross-country regressions of the LC debt share, s (between 0 and 1), based on
external debt (debt held by non-residents) on bond return cyclicality. In columns (1) and (4), the dependent
variable s71¢ denotes the share of LC debt in US investors’ portfolio holdings of government debt from
TIC data. In columns (2) and (5), the dependent variable sV denotes the LC debt share in cross-border
mutual fund portfolio holdings of government debt from Morningstar. In columns (3) and (6), the dependent
variable sB1% denotes the LC debt share in government debt reported by BIS reporting banks from the BIS
Locational Banking Statistics. The independent variable in the first three columns is the LC bond-stock
beta S(bond;, stock;), as described in Table 1. In column (4) through (6), we control for the local stock-US
stock beta B(stock;, stockys), average log per capita GDP between 2005 and 2014, the average exchange
rate classification from Reinhart and Rogoff (2004), and the commodity share of exports. The local stock-US
stock beta ,5(stock;, stocky g), is estimated as the regression coefficient of local log excess stock returns onto
US log excess stock returns. The commodity share of exports is defined as the sum of “Ores and Metals” and
“Fuel” exports as a percentage of total merchandise exports from World Bank World Development Indicators.
More details on variable definitions can be found in Section 2. Standard errors are based on Huber-White
robust standard errors and bootstrap standard errors from a wild bootstrap (Davison and Hinkley (1997)),
whichever one is more conservative. Appendix A.6 provides further details of the bootstrap procedure and
how it accounts for potentially correlated estimation error in the betas. Significance levels indicated by ***
p<0.01, ** p<0.05, * p<0.1.

We provide additional robustness checks for our main empirical result in Appendix A.4.
We show that our result is robust to using long-term debt, excluding the financial crisis,
adjusting for default risk, adjusting for the FX hedging error, and weighting by per capita
GDP. The robust result for the LC debt share in long-term debt is important, as Missale
and Blanchard (1994) argue that shorter debt maturity reduces the incentive to inflate away
debt. We also show the relationship between LC debt and LC bond-stock betas holds for
the LC Debt/GDP ratio, rather than the LC debt share. Furthermore, we show that the
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relationship between the LC debt and LC bond-stock betas holds for all sample years when
the betas are estimated using rolling windows over time. The ranking of the bond-stock
betas across countries is very persistent over our sample period. Finally, we note that we
do not interpret the relationship between the LC debt share and the hedging property of
the LC debt as causal. Instead, we document a robust bivariate relationship between two
variables that are central to the study of sovereign debt. In our theoretical model, monetary

policy credibility drives endogenous variation in both variables.

2.5 Bond Risk Premia and Monetary Policy Credibility

In this section, we show that the bond-stock beta is highly correlated with the LC bond risk
premium and a de facto measure of monetary policy commitment. These additional empirical
results motivate us to develop a model that features risk-averse lenders and varying degrees
of monetary policy commitment.

We first establish that the LC bonds with the best hedging value for the domestic gov-
ernment are risky for international lenders. To see this, we estimate the beta of LC bond
returns with respect to US stock returns from a regression:

xrfg’t = a; + B(bond;, stockys) X x1is, + €z (4)

The correlation between the LC bond-US stock beta, 5(bond;, stockys), and the LC bond-
local stock beta, 8(bond;, stock;), is 89%.'6

Second, we establish the relationship between bond-stock betas and the LC bond risk
premium, defined as the log expected real return on a LC bond in excess of a global real
risk-free rate. We proxy for the risk premium on the LC bond in country ¢ as follows:

RP, = g = 75" = (Gusy =708 (5)

where a bar indicates the mean from 2005 to 2014. This formulation is effectively imputing
the risk premium as the difference between currency-specific real interest rates.!”

Panel (A) of Figure 3 shows that the bond-US stock beta, 5(bond;, stockys), is 57%
correlated with the LC bond risk premium. Therefore, international lenders require a higher

risk premium for holding LC bonds if LC bond returns are more pro-cyclical. In Appendix

16More details on the risk of LC bonds from the international lender’s perspective can be found in Appendix
A5,

"Due 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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A.7.2, we formally estimate the relationship between the risk premium and the bond-US
stock beta using the generalized method of moments to account for generated regressors.
We obtain a statistically significant coefficient of 8.96, i.e. an asset with a unit beta with
respect to the US stock market has a risk premium of 8.96%. This number is very close to
and not statistically significantly different from the US equity premium of 8.1% reported by
Campbell (2003).

So far, we have documented that LC debt with better hedging benefits to domestic
consumers tend to be riskier for international lenders, who in turn require to be paid higher
risk premia for holding this debt. One might wonder what country fundamentals drive
these correlations. We provide evidence for a link between the bond-stock beta and a de
facto measure of monetary policy credibility. Using Financial Times articles over the period
1995—2015, we construct the correlation between the keywords “debt” and “inflation” for
each country as a proxy for inverse monetary policy credibility.’® Panel (B) of Figure 3
shows that this de facto monetary policy credibility measure is strongly correlated with the

bond-stock beta, with the correlation equal to 71%.

8The 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. We prefer a de facto measure of
central bank credibility because recent measures of de jure central bank independence have been found to
be uncorrelated with average inflation (Crowe and Meade, 2007).
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Figure 3: LC Bond Betas, Bond Risk Premia and Monetary Policy Credibility

(A) Bond-Stock Beta vs. LC Bond Risk Premium
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Note: Panel (A) plots the average risk premium on LC bonds against the LC bond-US stock beta. LC bond
risk premia are estimated according to Eqn. (5). Panel (B) plots the correlation of the keywords “debt”
and “inflation” in Financial Times articles from 1996-2015 from ProQuest Historical Newspapers against

the LC bond-local stock beta.
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3 Model

This section describes a two-period model of a small open economy borrowing from inter-
national lenders. The domestic government’s problem is to maximize the welfare of the
representative domestic consumer by choosing the currency composition of its debt and
state-contingent inflation. We solve this problem for two types of governments: those that
can commit to a state-contingent inflation policy function and those that cannot. The model
generates endogenous differences in inflation cyclicality and the LC debt share from exoge-
nous differences in governments’ ability to commit to an inflation policy. Because LC bond
returns are linked to inflation and stock returns to output surprises, the model can explain
the empirical relationship between LC bond return cyclicality and LC debt shares that we
documented in Section 2. Throughout, we use a superscript asterisk to denote quantities for

international lenders and lower-case variables to denote logs.

3.1 Environment
3.1.1 Domestic Government

A benevolent government maximizes the welfare of the representative domestic agent, where
the agent has utility with constant relative risk aversion (CRRA) over real domestic con-

sumption Cy and faces a quadratic loss from inflation:

EU (02,77'2) =E |:1 — 277'2 (6)

I—y
& o 2}
The government needs to raise an exogenous and fixed amount of real revenue, %, and

can do so either borrowing in LC or FC

D

QLCDLC+QFCDFC: ﬁ (7)

Here, Q"¢ and QF“ denote period 1 bond prices and D¢ and DF® debt face values, all
measured in real domestic consumption units. D¢ and D¥'“ are required to be non-negative.

R* denotes the exogenous real global interest rate. Equivalently, the government chooses the
LC debt share, s € [0, 1], defined as

QLCDLC
= Bip (8)
D/R
LC and FC face values are then given by D¢ = 5 x % X Q—ic and D¢ = (1—s) x % X Q%

We assume that the domestic government has access to lump-sum taxation. Domestic
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real consumption in the second period is endogenous and equals the endowment X5, net of

real debt repayments Dy (X5):
Cy = X5 — Dy (Xs). (9)

Real debt repayments Dy (X3) equal the real value of LC debt repayments plus FC debt

repayments:

D D
DQZSXEXR§C+(1_S)XﬁXR§C7 (10)

where REC and RL'C denote gross returns measured in real domestic consumption units on

LC and FC bonds. The real amount of domestic consumption units required to repay the LC

debt equals the real revenue raised through LC debt, s x %, times the return on that debt in
real domestic consumption units. The real amount of domestic consumption units required

to repay FC debt similarly equals the real revenue raised through FC debt, (1 —s) X %,
times the corresponding return in real domestic consumption units.

The domestic representative agent consumes a domestic consumption good, which differs
from the global consumption good consumed by international lenders. We define the real
exchange rate & as the number of real domestic consumption goods obtainable in exchange
for one unit of the real global consumption good at time t. We normalize the period 1 real
exchange rate to one, & = 1. A higher &; denotes a real appreciation of the local currency.
The returns RYY and RYC are measured in real domestic consumption units to match the
units in Eqn. (10), so we have:

exp (—ms (X3))

LC __
R2 - QLC 9 (11)

RYC = ?—2. (12)
Eqn. (11) shows that the domestic government’s real cost of repaying LC debt falls with
inflation. It also shows the relation with the nominal exchange rate. In the special case with
a constant period 2 real exchange rate (i.e. purchasing power parity (PPP)) the nominal
exchange rate is simply exp (—m2) and the cost of repaying LC debt is perfectly correlated
with the nominal exchange rate. This special case captures the essence of our mechanism.
We make the model more realistic by allowing for shocks to the period 2 real exchange rate,
which unlike inflation we assume to be realized exogenously. Eqn. (12) shows that if the
domestic real exchange rate is appreciated, i.e. & is high, then it is relatively inexpensive

for the government to repay its FC debt.
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3.1.2 Lenders and Bond Pricing

The government borrows from international lenders and debt is priced by international
lenders’ first-order conditions. We assume that international lenders consume C} units of
a global consumption good, which differs from the good consumed by domestic agents. We
assume international lenders maximize time-separable CRRA preferences with risk aversion

~* and time discount rate 0* over their own real consumption C}

(CcHt "

(13)

We further assume that in period 1 international lenders are exogenously endowed with
one unit of the global consumption good and in period 2 with X; = exp(z}) units of the
global consumption good. Because the domestic economy is assumed to be small, interna-
tional lenders’ bond holdings are negligible in equilibrium and their consumption equals their
endowment in equilibrium, so C} = 1 and Cj = exp(z}).

International lenders” SDF, M, equals their discounted marginal utility from an addi-
tional unit of the global consumption good in period 2 divided by their marginal utility in

period 1:

!

U* (C3)

My = 522
ST (o)

= 0" exp (—7"z3) . (14)
The international lenders” SDF is hence exogenous to the government’s inflation and debt
portfolio policy.

International lenders’ first-order conditions over bond holdings imply standard asset pric-
ing Euler equations. Specifically, bond prices must equal the expected real global consump-

tion units that each bond pays discounted at international lenders’ SDF M5 :

Q" = E[M;exp(—m (X)) &), (15)
Q'Y = E[M;]=1/R". (16)

To understand the LC bond price, note that the LC bond pays exp (—m (X2)) units of
the domestic consumption good, which international lenders convert into exp (—mq (X3)) &
units of the global consumption good. It is clear from Eqn. (15) that LC bond prices are

endogenous to the government’s inflation policy.
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3.1.3 Shocks

We assume that domestic output X5 is log-normally distributed:

X, = )_(exp(;tg/)?), X =1+D, (17)

where x5 has a loading, A***, on the international output and is also subject to an indepen-

dent shock, ns:

Ty = AL A1, (18)
xy ~ N (0, (0*)2) , 2~ N (0, 03) . (19)

We denote the standard deviation of z3 by ¢* and the standard deviation of zy by o,.
Given that we have CRRA preferences, the correlation between domestic and international
agents’ marginal utility will be a function of the correlation of their endowment processes.'®
Normalizing by X ensures that Cj is centered around 1 for a government that borrows
entirely in FC.

We assume that the real exchange rate is distributed according to:

E = exp (52 - %03) (20)

€y = )\E"(L‘*"Ij; + €9, €9 N (0, 0-3) , (21)

where the parameter A>*" is the loading of the real exchange rate on international output,
and ey captures the idiosyncratic component uncorrelated with international output. The
realizations of 3, 15, and e, are exogenous and uncorrelated. Real exchange rate shocks are
included to make the model more realistic, but are not central to our proposed mechanism.

The Jensen’s inequality term in (20) ensures that the real exchange rate equals one in
expectation. Real exchange rate fluctuations can be microfounded if international lenders
and domestic consumers consume different bundles of goods and international lenders expe-
rience preference shocks over the good produced by the domestic economy, as in Gabaix and
Maggiori (2015). We formalize the assumptions on preferences and shocks that microfound
(20) and (21) in Appendix B.1.

9 As documented in the literature, cross-country correlations of output are higher than cross-country
correlations of consumption (Colacito et al. 2018). Colacito et al. (2018) demonstrate that with long-run
risks, the correlation of SDF's across countries does not need to be bounded by the correlation of output.
However, such an extension is beyond the scope of our static model.
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Figure 4: Model Timeline
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Note: This figure shows the timing of the government’s problem without commitment and with commitment.

3.1.4 Government Problem without Commitment

Figure 4 depicts the timeline of our model. The government without commitment has two en-
dogenous choice variables — the LC debt share, s, and discretionary inflation policy, 75¢ (X5).
At the beginning of period 2, it chooses inflation after observing domestic output, taking
the debt composition and LC bond prices as given. We assume that the no-commitment
government chooses inflation after observing domestic output, but before the real exchange
rate is realized. In period 2, the no-commitment government’s problem is to choose 75¢ (X5)
to maximize domestic consumer welfare taking the LC debt share, s, and bond prices as
given:

max E [U (Ca, m2)| 5, Q" Xa] . (22)

73 ¢(X2)

The government chooses the inflation rate 75¢ (X3) € R to maximize (22) subject to the bud-
get constraint (9) after having observed the realization for domestic output X,. |E [| 5,Q"°, X 2]
denotes the expectation over &, taking s, Q¢ and X, as given.

In period 1, the no-commitment government chooses the LC debt share, s € [0, 1], to
maximize expected domestic consumer utility while rationally anticipating its own future

choice of 74¢ (Xs). The no-commitment government’s problem in period 1 is:

max E [U (Cy, m9)] , (23)

s€[0,1]

subject to the period 1 borrowing requirement (7), the period 2 budget constraint (9), the
bond pricing Eqn. (15), and period 2 inflation policy (22). The expectation in (23) is over
XQ and 52.

26



3.1.5 Government Problem with Commitment

A government with commitment sets its inflation policy function 7§ (X5,) before its debt is
priced and sold to international lenders and before X5 is realized, as shown in the timeline in
Figure 4. It chooses an ex ante function for inflation that is allowed to depend on the future
state of domestic output, 75 (Xs), and its LC debt share, s, to maximize domestic consumer

welfare anticipating the endogenous effect on LC bond prices:

max E[U (Cy,m)], (24)

m5(X2), s

where E denotes the expectation over Xy and &. The inflation policy function 7§ (X3) is
chosen from the space of functions of X5, and s is chosen from the unit interval [0, 1], subject
to the period 1 borrowing requirement (7), the budget constraint (9), and the bond pricing
Eqn. (15). Unlike the no-commitment government, when the commitment government
chooses its inflation policy it therefore internalizes the effect of this policy on the bond

pricing Eqn. (15).

3.2 First-Order Conditions

3.2.1 Optimal Inflation Policy without Commitment

The first-order condition for the optimal inflation policy of the no-commitment government

is given by:
oCmne
amy’(Xy) = E {U’ (Cne) 5 fw X2:|. (25)
N—_—— Y
Deadweight Cost ~~ -
Static Gain

The no-commitment government optimally inflates until the marginal deadweight cost of

higher inflation (left-hand side of the equation) equals the marginal consumption utility from
C’TLC

inflating away the LC debt (right-hand side of the equation). Here, 5 2 —DCexp (—my (X3)) >0
2

captures the increase in consumption arising from a reduction in the real value of LC debt

repayments. The first-order condition (25) makes clear that the inflation cost, «, is needed
because otherwise the optimal inflation problem would not be well-defined.

This equation immediately shows that a no-commitment government chooses counter-
cyclical inflation, i.e. higher inflation when domestic output is low, because the marginal
utility of domestic consumption, U’ (C%¢), tends to be high when domestic output is low. The
right-hand side of Equ. (25) is conditional on X5 because the government chooses inflation

3¢ (X3) after domestic output Xy is realized but without observing the real exchange rate
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shock &, or international output X;, and therefore the no-commitment government cannot

condition its inflation policy on international output or real exchange rate innovations.

3.2.2 Optimal Inflation Policy with Commitment

The first-order condition for the optimal inflation policy of the government with commitment
is more complex, as this government takes into account how its inflation choices affect the
pricing of its LC debt. Defining the probability density function of X, as f(Xs), the first-

order condition takes the following form:

o0 1 dQtc 9Cs
c X — ! ¢ 4 ¢ 2
s ) {U () g } [ (%) dmy(X0) [U Y QLC] (26)
Deadweight Cost N -~ 7N -—
Static Gain Dynamic Cost

The first two terms of the commitment government’s first-order condition (26) are identi-
cal to the no-commitment government’s first-order condition (25), capturing the static trade
off between the deadweight cost of higher inflation and the gain in marginal consumption
utility from inflating away the debt. The final term, the dynamic cost, is only present for
the government with commitment.

The dynamic cost captures how additional inflation in state X, affects domestic welfare
across all states in the second period. The final component, <U "(CS) (’)QLC)’ captures the

effect of a change in the bond price on consumption, scaled by the marginal utility of con-

1 dQLC
f(X2) dr§

in inflation in state X5 on the bond price, scaled by the probability of the state occurring.

sumption in that state. The first component ( >, captures the effect of an increase

Using the expression for the bond price in Eqn. (15), we see that

1 dQLC
f(Xs) dr§

Because the international lenders’ SDF is correlated with domestic marginal consumption

= —exp(—m5(X2))E [ M5 & Xs] < 0. (27)

utility, the international lenders” SDF tends to be high when X, is low.2® Therefore, Eqn.
(27) indicates that increasing inflation in a low domestic output state is particularly costly
for the LC bond price. This is the risk-premium channel. If lenders were risk-neutral and
the real exchange rate were constant (i.e. PPP holds), this term would be proportional to
—exp(—m5(Xs)), meaning that the government would face the same effect on the bond price
from additional inflation in any state of the world. This would still lead a government with

commitment to refrain from an average inflation bias (i.e. the type studied in Barro and

20In general, the correlation between E[Mj&;| X5] and domestic output will depend on international
lenders’ coefficient of risk aversion, the loading of the domestic economy on global output, and the cyclicality
of the real exchange rate.
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Gordon (1983)). However, the more highly correlated is the lenders’ SDF with domestic
output, the more the government with commitment refrains from raising inflation in bad
states in order to avoid lowering domestic welfare in every state. Later in Section 3.3, we
will derive closed-form solutions for optimal inflation policy for a simple case to gain further

intuition.

3.2.3 Optimal LC Debt Share

To characterize the governments’ choice of the currency composition of debt, we take the

first derivative of the objective function with respect to the LC debt share s:

dEU (Cg, 7T2) dﬂ'g D v v
sD , dRLC
- R*E {U (Cy) ( ds )] (28)

Eqn. (28) holds for both commitment and no-commitment governments, albeit with dif-
ferent inflation policy functions and therefore a different pattern of state-contingent domestic
consumption. We do not allow governments to hold net long positions in either type of debt
and therefore restrict the LC share to the interval between 0 and 1. For an interior choice
for the LC debt share, the derivative (28) must equal zero. The derivative is positive if the
upper bound s = 1 (all LC debt) is binding and negative if the lower bound s = 0 (all FC
debt) is binding.

The government’s incentive to shift towards more LC debt on the margin depends on
three terms: First, the marginal change in the deadweight cost of inflation from borrowing
more in LC. The second term captures the competing forces from the state-contingency of
inflation, which are the main focus of our analysis. On the one hand, if international lenders
require a higher LC bond risk premium to compensate for the state-contingency of LC bond
payoffs, this raises the domestic government’s real cost of repaying LC debt and makes L.C
debt issuance unattractive. On the other hand, if inflation state-contingency is such that the
real cost of repaying LLC debt is low in states when domestic marginal utility of consumption
is high, this makes LC debt issuance attractive because it provides hedging benefits to
domestic consumers. Third, the endogenous response of the LC bond risk premium to the
government’s debt currency choice, as lenders rationally anticipate that borrowing in LC
changes the government’s incentive to generate more counter-cyclical inflation. All three
terms tend to push the government without commitment towards FC debt compared to the

government with commitment. Naturally, the risk premium forces will be shut off if lenders
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have zero risk aversion, as in Calvo and Guidotti (1990).

3.3 Analytical Special Case

Before turning to the quantitative evaluation, we analytically characterize a special case.
This allows us to clearly distinguish our risk premium-centered mechanism from the classic
Barro and Gordon (1983) inflation bias and provides intuition for the distinct mechanism in
our model. For simplicity, we assume that the real exchange rate is constant (£; = & = 1)
, and that there is only a global endowment shock (zo = z3%).?! First, we characterize the
inflation policies for the commitment and no-commitment governments for a given LC debt
share s, and then we discuss the trade-off between LC and FC debt. Since the purpose of
the analytic solutions is to illustrate the key features of the equilibrium and we later solve
the model numerically, we use a simple log-linearization strategy to convey this intuition.

We relegate the algebra behind these approximations to Appendix B.4.

3.3.1 Optimal Inflation Policy

We now present an approximate analytical solution for the commitment and no-commitment
governments’ optimal inflation policy at a given LC debt share s. We collect the inflation

policy functions for the two types of governments in the following proposition:

Proposition 1. Assume that the real exchange rate is constant (€5 = 1) and that there is only
one global endowment shock (zo = x3). Taking first-order log-linear Taylor approzimations
of the inflation first-order conditions (25) and (26) around (ca = 0,7 = 0), and imposing
that lenders’ expectations are rational, gives log-linear approximate solutions for m5¢(Xs)
and 7§ (Xs):

e sD  sD
T (X2) = - T % (29)

. . sD
T3 (X2) = (V" =) P (30)

We substitute the exact dependence of the LC bond price on state-contingent inflation
(27) into the commitment government’s first-order condition (26) and then take a standard

log-linear first-order approximation (e.g. Campbell (1994)).22 This log-linearization proce-

2IThe analytical model solution takes the same form when we allow for a separate domestic output shock,
except that international risk aversion needs to be scaled by global-domestic output comovement.

22To keep the analytical expressions in Proposition 1 tractable, we show only the lowest-order terms in
the debt-to-GDP ratio D, which dominate when the debt-to-GDP ratio is small.
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dure allows us to preserve the risk premium.?

Proposition 1 shows two important differences between the policies chosen by commit-
ment and no-commitment governments. First, comparing the intercepts shows that a gov-
ernment without commitment chooses positive inflation on average, whereas a government
with commitment finds it optimal to choose zero inflation on average. Because a government
with commitment recognizes that its choice of inflation is priced in ex ante, it internalizes
that a choice of non-zero average inflation strictly reduces welfare.

The second difference between these two policy functions — and the difference that distin-
guishes our analysis from that of Barro and Gordon (1983) — is how inflation comoves with
domestic output, x5. The no-commitment government’s inflation policy loads onto domestic
output with a negative coefficient that is proportional to —v. By contrast, the commitment
government’s inflation policy loads onto domestic output with a coefficient that is propor-
tional to v* —~. At a given LC debt share, the commitment government therefore optimally
chooses a less counter-cyclical inflation policy than the no-commitment government, and the
difference in cyclicality increases with international lender risk aversion v*. The difference
arises because the government with commitment internalizes that if it inflates in states when
international lenders’ marginal consumption utility is high, this disproportionately lowers the

price that its LC bonds sell for, as seen in Eqn. (27).

3.3.2 Trade-Offs Between LC and FC Debt

Having characterized how the two types of governments optimally choose their inflation
policy conditional on a given LC debt share, we now turn to the trade-offs faced by these
governments in deciding how much to borrow in their own currency.?* There are two costs
faced by a government without commitment when it borrows in its own currency: a high
average inflation rate and a higher risk premium. The average inflation rate is simple. Taking

the unconditional expectations of the inflation policy functions in Eqns. (29) and (30), we

23 An alternative approximation approach would be to take a log-linear approximation of the international
lenders’ Euler equation and then substitute an approximate relation for ﬁddQ—g into the domestic gov-
ernment’s first-order condition. However, this alternative approach misses the effect of LC bond risk premia
that is at the heart of our mechanism.

24We do not explicitly solve for the optimal LC debt share because approximate log-linear solutions are
not, appropriate for constrained optimization problems. Instead, we use our approximate optimal inflation
policies to intuitively demonstrate the main trade-offs faced by governments when they choose the currency

composition of their debt.
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have:

o]

S

E(r5%) = —, (31)

°|

B (n) = 0. (32)

In this economy, an average inflation bias is a pure loss: it is priced in ex ante and so
provides no consumption benefit in equilibrium. The no-commitment government correctly
anticipates that its average inflation bias increases with the share of debt denominated in
LC, s, incentivizing it to borrow in FC instead. This is the classic inflationary bias of Barro
and Gordon (1983) and Calvo and Guidotti (1990) and not new to our analysis. Formally,
this force enters the optimal LC debt choice through the first term on the right-hand side of
Eqn. (28).

However, our economy features an additional new force that makes LC debt costly for
a government without commitment: the risk premium. To better understand this force, we
note that in the special case with log-linear inflation policies as in Eqns. (29) and (30) the

LC bond price simplifies to:

1 1
Q¢ = T 62D (—]ETFQ + §Var(772) + 7 Cov (s, 932)) . (33)
Expected mean inflation, the expected inflation variance, and the expected covariance be-
tween output and inflation are all the rational expectations of the international lenders at the
time the debt is sold and priced. We define the LC bond risk premium as the log expected
real LC bond return in excess of the log global FC interest rate, analogously to our empirical

analysis. In this special case, the LC bond risk premium simplifies to:

exp (—)

—log R* = —v"Cov (mq, x3) . (34)

Substituting in the inflation policy functions in Eqns. (29) and (30), we have:

x?

. ..sD
RP® =~"(y =) —0%. (36)

D
RP" = 7*7%02 (35)

LC bond risk premia affect the optimal debt currency choice through two channels. First,
at a given level of the LC debt share, s, the LC bond risk premium paid by a government

without commitment (Eqn. (35)) is greater than that paid by a government with commit-
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ment (Eqn. (36)), conditional on international lender risk aversion being non-zero (v* > 0).
The higher LC bond risk premium incentivizes the no-commitment government to tilt away
from LC borrowing, because it understands that average real domestic consumption declines
with the product of the LC bond risk premium and the share of debt in LC.?> Second, taking
the derivative with respect to s of Eqns. (35) and (36) shows that the LC bond risk premium
paid by the government without commitment increases faster with s, again conditional on
international lender risk aversion being non-zero (v* > 0). A no-commitment government’s
tendency to generate counter-cyclical inflation increases with the amount it has borrowed
in LC, leading lenders to charge higher LC bond risk premia ex ante. The no-commitment
government therefore has an incentive to reduce its LC borrowing to limit its own future
incentive to generate counter-cyclical inflation, thereby lowering the LC bond risk premium
ex ante.?S

To summarize, the analytical solutions for this special case suggest that governments
without commitment optimally choose more counter-cyclical inflation than governments with
commitment. Further, governments without commitment face stronger incentives to borrow
in FC, due to endogenous LC bond risk premia and deadweight cost of anticipated infla-
tion. If countries differ in their ability to commit to future monetary policy, this channel
can therefore qualitatively generate our main empirical finding that countries with highly
counter-cyclical inflation tend to borrow mostly in FC. We next turn to a quantitative
analysis of how these forces determine the equilibrium relationship between the currency

composition of sovereign debt and the cyclicality of inflation.

4 Quantitative Evaluation

This section evaluates the full model quantitatively. We calibrate the model separately for
emerging markets (EM) and developed markets (DM), with the difference being that EMs
are modeled as as a no-commitment government and DMs are modeled as a commitment
government . We solve the model numerically using global solution methods to account for

risk premia. For details of the numerical solution see Appendix B.5.

25Formally, this channel changes the incentive to borrow with LC debt through the second term on the
right-hand side of Eqn. (28).

26Formally, this channel changes the incentive to borrow with LC debt through the third term on the
right-hand side of Eqn. (28).
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4.1 Bond and Stock Returns

In order to compare bond-stock betas in the model and in the data, we need to model bond
and stock returns. We model log excess LLC bond return innovations as revisions to log bond

prices from period 1 to period 2 :
aryy —Early = —(mp—Emg). (37)

where i = EM or ¢ = DM. Model LC bond excess returns are currency hedged, analogously
to the empirical analysis in Section 2. We model stocks simply as an asset class whose
log dividends are proportional to log domestic output. In order to focus on the role of
government bonds as a tool to hedge domestic consumption, we assume that stocks cannot
be traded across borders. Specifically, we model log domestic equity return innovations as

proportional to log domestic output:
wriy — Barly = AN™" (250 — Exy). (38)

In our calibration, we set the coefficient A\"* to be consistent with the data. Regressing
quarterly local equity excess returns onto log domestic output gives a coefficient of 4, aver-
aged across EMs and DMs, as listed in Table 5. The estimated coefficient for EMs is not
statistically different from the one for DMs at the 95% level, so we use the average in the
calibration for both EMs and DMs.

With Eqns. (37) and (38) we obtain a simple relationship between model bond-stock

betas and inflation-output betas:

1
Bmed (bond;, stock;) = —WﬁmOdel (mi, ) (39)
mode COU(TH’ » i, )
gretet (mi, ;) = % (40)

i,T

The relation in Eqn. (39) captures the intuition that bond-stock betas have the opposite
sign from inflation-output betas and are compressed towards zero, because stocks are more
volatile than output. Our two-period model does not allow for time-varying risk premia,

which tend to amplify bond-stock correlations (Campbell et al., 2019).
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4.2 Calibration

EM (no commitment) and DM (commitment) calibrations differ along two dimensions. Most
importantly, we assume that developed market governments have commitment and EM
governments do not. Second, we match EM and DM output volatilities separately to the
data, because EMs have significantly higher output volatility in the data.

To highlight the differences between EMs and DMs that arise from differences in cred-
ibility, we choose equal parameter values for EM and DM calibrations whenever this is
empirically plausible. In particular, we use equal parameter values when the corresponding
EM and DM moments in the data are not statistically different at the 95% level. Since
the international lender should be the same for both countries, we choose the same lender
risk aversion, and international endowment volatility for both calibrations. We set the in-
ternational endowment volatility in the model to 1.64% to match the annualized standard

deviation of the quarterly growth in US log real personal consumption expenditure.?” We
2%
(0%)?

tional consumption risk of 2% from Lustig and Verdelhan (2007). While this risk aversion

set international lenders’ risk aversion to v* = = 74.36 to match the price of interna-
coefficient may at first appear high, it is not unusual in the literature seeking to explain the
equity premium (Campbell and Cochrane (1999); Lustig and Verdelhan (2007)). One way
to interpret this high coefficient of risk aversion is by noting that international lenders in
sovereign debt tend to be intermediaries whose risk aversion is amplified by financial leverage
(Morelli et al. (2019)). We set domestic consumer risk aversion to be consistent with that of
international lenders, assuming that international lenders’ are levered with an intermediary
equity to total assets ratio of 0.4 as in He and Krishnamurthy (2013). We therefore set
domestic consumer risk aversion to v = 29.74 (= v* x 0.4).

We set the debt-to-GDP ratio to D = 14.4% to match the share of external debt to
GDP in Arslanalp and Tsuda (2014a,b), averaged across EMs and DMs. EMs and DMs
have similar ratios of external debt-to-GDP (13.2% for EMs and 16.1% for DMs) and the
difference is not statistically significant, so we use the average for both calibrations.

We set the loading of local output onto international consumption to A**" = 0.91 to
match the regression coefficient of quarterly local log real GDP growth onto log real US
consumption growth, averaged across EMs and DMs. The loadings in the data are only
slightly lower for EMs (0.87) than for DMs (0.97) and the difference is not statistically
significant, so we use the average for both calibrations.

We set real exchange rate volatility to the standard deviation of quarterly changes in

the local currency-USD exchange rate, 0. = 10.8%, after averaging exchange rate volatilities

2"We use the series PCECC96 from FRED from the St. Louis Fed. We compute the standard deviation
over our sample 2004-2015.
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of 11 developed markets and 17 emerging markets in our sample with equal weights. We
estimate very similar exchange rate volatilities for EMs (10.4%) and DMs (11.4%) and the
difference is not statistically significant.

We set the loading of the real exchange rate onto US consumption to A**" = 1.41 to match
the regression coefficient of quarterly log exchange rate changes onto log US real consumption
growth, averaged across EMs and DMs. Because exchange rates are about seven times as
volatile as US real consumption growth, this loading implies a correlation between the real
exchange rate and US consumption growth of Corr(es, 23) = A5 x ‘;—E = 0.21, in line with
the real exchange rate-consumption correlation of 0.20 reported in Itskhoki and Mukhin
(2019). Finally, we set the inflation cost parameter, o , equal across EMs and DMs and

choose it to match the average inflation difference between EMs and DMs.2®

4.3 Results

Table 6 compares calibrated model moments with the data. By construction, the model
matches exactly the EM-DM difference in average inflation of 2.20%.2%°

The model also matches several moments that we did not target in our calibration. Most
importantly, the model implies a similarly downward-sloping cross-country relation between
bond-stock betas and LC debt shares as in the data. The model-implied EM LC debt share
is 39%, compared to 55% in the data. The model-implied DM LC debt share is substantially
higher at 91%, compared to 90% in the data. Moreover, the model implies that bond-stock
betas are substantially higher in EMs than in DMs, with an EM-DM difference in bond-
stock betas of 0.21 in the model, compared to 0.17 in the data. The model implies that LC
debt by EMs has a risk premium that is two percentage points higher than that of DMs.
This substantial risk premium differential is entirely due to differences in the inflation risk
premium, since real exchange rate correlations with US consumption are equal for EMs and
DMs. It also is similar to the risk premium differential of 1.62 percentage points in the data.

Having calibrated the model, we now turn to the optimal government policy for EMs

28With the ability to commit to future inflation, average model DM inflation is at its optimal level and
independent of a. For this reason we cannot choose separate inflation cost parameters to separately match
DM and EM average inflation rates. We show in Appendix B.7.3 that calibration moments are robust to a
wide range of values for DM a.

29We think of the model implication that DM average inflation equals zero as empirically plausible, because
zero represents the optimal inflation level in the model. Similarly, DM inflation appears close to optimal
in the data, taking into account that in reality there are reasons to optimally target a small but positive
inflation rate. One reason for a positive inflation target is if measured inflation tends to overstate true
inflation due to quality improvements and index substitutions (Bernanke and Mishkin 1997). Other reasons
are related to the risk of hitting the zero lower bound (Coibion et al. 2012). Because a positive optimal rate
of inflation should lift both DM and EM inflation equally, our calibration targets the difference in EM and
DM inflation.
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Table 6: Empirical and Model Moments

EM DM EM-DM
(no commitment) (commitment)
Data Model Data Model Data  Model
Average Inflation  3.92% 2.20% 1.73%  0.00% 2.20% 2.20%
Bond-Stock Beta  0.07 0.16 -0.10 -0.05 0.17 0.21
LC Debt Share 0.55 0.39 0.90 0.91 -0.35  -0.52
LC Bond RP 3.15% 4.18% 1.53% 2.22% 1.62% 1.96%

Note: All moments are in annualized natural units. Model parameters for the EM and DM calibrations are
given in Table 5. Model average inflation is the unconditional average of level inflation. The model bond-
stock beta is computed according to Eqn. (39). The model LC bond risk premium in percent is computed
according to Eqn. (34).

and DMs. Consistent with the analytical special case, the model predicts that EMs, which
are modeled as having no commitment, choose more counter-cylical inflation than DMs and
a lower share of LC debt, thereby matching the basic relation we documented in the data.
Higher international risk aversion shifts bond-stock betas downwards for both EMs and DMs
but does not change the qualitative predictions about the difference between EM and DM
bond-stock betas, which is the main focus of our analysis.

Figure 5 Panel A shows the LC bond-stock beta as an indicator of the optimal inflation
policy against international lender risk aversion on the x-axis. A positive model bond-stock
beta corresponds to counter-cyclical inflation via Eqn. (39). We see that model bond-stock
betas for EMs are higher than for DMs, as long as international lender risk aversion is non-
zero. 'This is consistent with the analytical results in Proposition 1, where we saw that a
government without commitment chooses more counter-cyclical inflation than a government
with commitment at a given LC debt share. Here, the results are even stronger and directly
speak to our main empirical findings: EM (no commitment) governments implement a more
counter-cyclical inflation policy than DM (commitment) governments even though they have
a lower LLC debt share.

Figure 5 Panel B confirms the intuition from the analytical special case that EMs’ lack
of commitment leads them to optimally tilt towards FC debt. The risk premia charged by
international lenders provide a quantitatively important incentive for EMs to use FC debt,
as can be seen from the fact that the EM LC debt share is one when setting international
lender risk aversion to zero.

Figure 5 shows that extremely high risk aversion is not necessary to generate a gap
between EM and DM LC bond-stock betas. When we assume lenders to be unlevered
(indicated with a vertical line at 29.74), the model generates a similarly downward-sloping
relation between bond-stock betas and LC debt shares across EMs and DMs, but the overall
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level of bond-stock betas is higher. As lender risk aversion increases beyond domestic agent’s
risk aversion the gap between EM and DM LC bond-stock betas stabilizes because EMs
constrain their incentive to generate counter-cyclical inflation by choosing a lower L.C debt
share.3°

Having seen that differences in commitment across EMs and DMs can generate a downward-
sloping relation between LC bond-stock betas and LC debt shares qualitatively, we directly
compare the model implications to the data. Figure 6 shows that differences in credibil-
ity can generate the cross-country relationship between bond cyclicality and the currency
composition of sovereign debt documented in the data. The blue solid line is the fitted
line of the empirical LC debt share against the bond-stock beta, where we summarize our
empirical data into five equal-weighted beta-sorted portfolios and measure the external LC
debt share from TIC data. The baseline model counterfactual generates a similarly negative
relationship between LC debt shares and bond-stock betas as in the data.3!

We also show a second counterfactual in Figure 6, which sets international and domestic
risk aversion to conventional values from the real business cycle literature (v* = 0, v = 2) for
the cases of governments with and without commitment. This second counterfactual shows
that in the absence of lender risk aversion the model generates an upward sloping relationship
between LC debt shares and bond-stock betas, in contrast to the data. Intuitively, when
international lenders do not require risk premia even a government with perfect commitment
optimally inflates during bad states of the world, thereby using its LC debt as an instrument
to optimally reduce the volatility of real domestic consumption. This demonstrates that
even though a deadweight cost of inflation («) along with a lack of commitment can lead
governments to tilt their issuance toward FC, these forces alone do not generate our main
empirical finding of a downward-sloping relationship between L.C debt shares and bond-stock
betas. These results therefore illustrate how the combination of limited commitment and

risk-averse lenders rationalizes the empirical findings.

30DMs optimally choose a small share of FC debt, but the magnitude is negligible. This arises because
international lenders require a risk premium on LC debt as compensation for the correlation between the
real exchange rate and the international lenders’ SDF.

31'While the model does not provide a formal account of the intermediate portfolios in Figure 6, the
correspondence between the data and the fitted model line suggests that we can roughly regard them as
average outcomes for countries that randomize between commitment and no commitment.
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Figure 5: Optimal Government Policy vs. International Lender Risk Aversion
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Note: This figure shows the model LLC bond-stock beta and the LC debt share for the EM and DM cal-
ibrations. The solid blue lines indicate the EM calibration, while the dashed red lines indicate the DM
calibration. The model LC bond-stock beta is closely related to the model inflation-output beta via Eqn.
(39), and reflects each government’s optimally chosen inflation policy. Both panels vary the international
lenders’ coefficient of risk aversion, v*, along the x-axis while holding all other parameters constant at the
values shown in Table 5. A vertical line indicates v* = 29.74 (i.e. equal lender and domestic risk aversion).
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Figure 6: Model and Data
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Note: This figure traces out the model bond-stock beta against the LC debt share implied by the EM (no
commitment) calibration and the DM (commitment) calibration. The risk-neutral model calibration sets
~* =0 and v = 2 and all other parameters as in Table 5. The empirical estimates show the equal-weighted
bond-stock betas and external TIC LC debt shares of five beta-sorted portfolios with a trend line.

5 Conclusion

This paper provides new evidence that countries that seemingly have the most to gain from
borrowing in their own currency do so the least. We explain this new stylized fact with
differences in monetary policy credibility, combined with lenders who require risk premia
for holding assets that lose value during global downturns. Governments without mone-
tary policy credibility cannot commit against using inflation to overinsure their domestic
consumption ex post, so lenders charge a positive risk premium for holding local currency
debt. This discourages governments from borrowing in local currency ex ante. Our simple
framework demonstrates that including both risk premia and endogenous monetary pol-

icy can qualitatively change our assessment of what constitutes optimal government debt

management.
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