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Sovereign Risk Premia and Global Macroeconomic Conditions

ABSTRACT

We study how shifting global macroeconomic conditions affect sovereign bond prices. Bondholders
earn premia for two sources of systematic risk: exposure to low-frequency changes in the state of
the economy, as captured by expected macroeconomic growth and volatility, and exposure to higher-
frequency macroeconomic shocks. Our model predicts that the first source, labeled long-run macro risk,
is the primary driver of the level and the cross-sectional variation in sovereign bond premia. We find
support for this prediction using sovereign bond return data for 43 countries over the 1994-2018 period.
A long-short portfolio based on long-run macro risk earns 8.11% per year in our sample.

JEL Codes: F34, G12, G13, G15, G32
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1 Introduction

The Rubinstein-Lucas-Breeden (1976, 1978, 1979) consumption-based paradigm is the natural starting
point for understanding risk premia embedded in asset prices. It directly links expected asset returns
to risk factors that are macroeconomic, and therefore systematic, in nature. While the canonical
consumption-based model fails empirically, because aggregate quarterly consumption growth data is
just too smooth, there has been substantial progress over the last 20 years in refining the paradigm
to better fit the evidence (Ludvigson, 2013). However, one important asset class has not experienced
much of the revival in consumption-based pricing: sovereign bonds. This is the challenge we address in
the paper, both theoretically and empirically.

We study sovereign risk premia in a model in which global macroeconomic conditions shift abruptly
between expansion and recession regimes. Recessions are associated with lower expected growth and
higher uncertainty both for global consumption and for the sovereign bond issuer's output.! Sovereign
bonds are priced by a global representative agent in an environment where security markets are inter-
nationally integrated. In comparison to an observationally equivalent model without regime changes,
the presence of shifting macroeconomic conditions along with endogenous sovereign debt and default
decisions results in countercyclical default risk and higher sovereign spreads.?

Part of the increase in sovereign spreads is due to bond prices embedding a larger risk premium.
When investors prefer early resolution of uncertainty, the low-frequency covariation between sovereign
bond returns and global consumption brought about by the regime shifts creates an additional risk
premium, akin to the long-run risk model of Bansal and Yaron (2004). This premium arising from 'long-
run macro risk’ is an order of magnitude higher than the canonical one, associated with high-frequency
covariation between bond returns and global consumption innovations, which we label 'short-run macro
risk’. Specifically, we show that 97% of the total bond risk premium comes from long- as opposed to
short-run macro risk in emerging markets.

We find empirical support for the model’s novel cross-sectional predictions. The model predicts that

LA long literature starting with Hamilton (1989) posits that business cycles involve sudden shifts between regimes
of high expected growth and low uncertainty (expansions), and regimes of reduced expected growth and heightened
uncertainty (recessions). Finance models with regime-shifts in macroeconomic conditions include Hackbarth, Miao and
Morellec (2006), Bhamra, Kuehn and Strebulaev (2010a, 2010b), Chen (2010), Arnold, Wagner and Westermann (2013),
Chen and Strebulaev (2019), and Bhamra, Dorion, Jeanneret and Weber (2021).

2The debt decision trades off the benefits of debt against the rise in default risk. The default decision trades off the
advantage of smaller future debt payments against an immediate output drop associated with default. Our model builds
on the contingent-claim framework approach developed by Hayri (2000), Gibson and Sundaresan (2001), Andrade (2009),
and Jeanneret (2015, 2017).



sovereign bonds of countries that are more sensitive to shifts in the global business cycle, i.e., countries
with higher long-run macro risk, deliver higher expected excess returns. In contrast, the premium for
short-run macro risk is expected to be negligible, i.e., long-run macro risk dominates short-run macro
risk in explaining cross-sectional variation in bond risk premia.

We test these predictions using quarterly sovereign bond data for 43 countries from 1994:Q1 to
2018:Q2. Because most emerging economies lack long time series of quarterly output data, we measure
long-run macro risk using sovereign bond returns. Our primary measure of a country’s exposure to shifts
in the global business cycle uses regressions of bond excess returns on changes in U.S. consumption
growth moments calculated from the Federal Reserve Bank of Philadelphia’s Survey of Professional
Forecasters (SPF). The first and second moments of consumption growth are respectively the quarterly
mean and dispersion (75th-25th percentile) of U.S. consumption growth forecasts. Figure 1 shows
substantial cross-sectional variation on the sensitivity of bond excess returns to changes in both expected
consumption growth (Panel A) and uncertainty about consumption growth (Panel B).

In line with the model, the aforementioned cross-sectional variation in risk exposure leads to eco-
nomically significant cross-sectional variation in average excess returns. Using independent double sorts,
we classify countries into high, medium, and low long-run macro risk based on the sensitivity of their
bond returns to shifts in the global business cycle. Countries with high exposure have above the median
return sensitivities to changes in both consumption growth moments. The sovereign bond prices of
these countries decrease the most when recessions occur, i.e., when expected consumption decreases
and consumption growth uncertainty increases. Countries with low exposure have below the median
sensitivities to changes in both consumption growth moments, i.e., their sovereign bond prices decrease
the least when recessions occur. The remaining countries have a medium degree of long-run macro
risk. An equally-weighted portfolio of high-exposure countries earns 14.55% per year above the risk-free
rate, followed by 9.23% per year for medium-exposure countries and 6.44% for low-exposure ones. The
average return of the high-minus-low long-short portfolio is 8.11% per year, with a t-statistics of 2.75.

Results based on single-sorts are also consistent with the theory. The long-short portfolio based on
terciles of exposure to expected consumption growth is 4.17% per year, with a t-statistics of 1.79. The
long-short portfolio based on terciles of exposure to consumption growth uncertainty has an average
excess return of 9.25% per year, with a t-statistics of 3.74. Hence, both exposures matter for explain-
ing the cross-section of bond excess returns, as predicted by our model. In contrast, sorting countries

into long-short portfolios based on the exposure of bond excess returns to contemporaneous U.S. con-
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Figure 1. Cross-sectional exposure of sovereign bonds to U.S. economic conditions.

The figure illustrates cross-sectional variation in the exposure of sovereign bond excess returns to
changes in global macroeconomic conditions. The sample has 43 emerging countries grouped into
tercile portfolios. Panel A displays the exposure to quarterly changes in expected U.S. consumption
growth, computed as the mean of consumption growth forecasts. Panel B displays the exposure to
quarterly changes in U.S. consumption growth uncertainty, measured by the cross-sectional dispersion
in consumption growth forecasts. Panel C displays the exposure to U.S. consumption growth. Con-
sumption data is from the Bureau of Economic Analysis and consumption growth forecast series are
from the Survey of Professional Forecasters at the Federal Reserve Bank of Philadelphia. Bond returns
use JP Morgan EMBI Global indices. Bond portfolios are formed every quarter, and their construction
is detailed in Section 5.3. Data span the 1994:Q1-2018:Q2 period.

sumption shocks delivers statistically insignificant excess returns and with the opposite sign predicted by
theory, despite considerable cross-sectional variation in short-run risk (Panel C). The data thus confirm
the prediction that long-run macro risk is more important than, and not spanned by, short-run macro
risk in explaining sovereign bond risk premia.

Our baseline empirical results are robust to several methodological changes. For example, very
similar results obtain when the investment horizon is one quarter rather than one year. Moreover, it is
irrelevant whether bond return sensitivities to changes in first and second consumption growth moments
are estimated separately or jointly, and whether we double sort on sensitivities to changes in first and
second moments or single sort on sensitivity to their first principal component. Results continue to
hold using value- or GDP-weighted portfolios rather than equally-weighted ones, which indicates that
our findings are not driven by small countries with potentially less liquid bonds. We also find that our
measures of long-run macro risk are not simply proxying for betas with respect to corporate bond or
stock market index returns. Furthermore, we obtain similar results when measuring long-run macro risk

using alternative data sources. For example, results remain robust when we respectively replace the



first and second moments of expected consumption growth forecast data by the lagged slope of the
U.S. yield curve (Harvey, 1989) and the macroeconomic uncertainty index of Jurado, Ludvigson and
Ng (2015). Finally, an out-of-sample analysis shows that countries with greater long-run macro risk,
as measured by their bond sensitivity to changes in consumption growth moments, experienced more
negative returns during the COVID-19 shock of March 2020.

This paper contributes to a growing literature exploring time-variation in sovereign credit risk and
bond valuation. Pan and Singleton (2008) and Longstaff et al. (2011) document strong comovement in
sovereign credit spreads. These studies identify a factor structure that is strongly tied to U.S. financial
conditions, a result confirmed by Ang and Longstaff (2013). Augustin and Tedongap (2016) highlight
the role of macroeconomic risk in explaining the international comovement in the term structure of
sovereign credit default swap (CDS) spreads. Hilscher and Nosbusch (2010) find that an improvement in
a country's terms of trade reduces its sovereign credit spread. Doshi, Jacobs and Zurita (2017) show that
the impact of economic and financial conditions on sovereign credit spreads varies substantially over time,
while Augustin (2018) finds that the relative importance of global and country-specific macroeconomic
risks varies with the slope of the CDS term structure. More recently, Chari, Dilts Stedman and Lundblad
(2021) find that U.S. monetary policy shocks affect emerging market bond and stock valuations more
strongly during monetary tightening than easing, and such effects appear to be largely driven by changes
in risk premia.

QOur analysis differs from the papers mentioned above across two critical dimensions. First, our
primary goal is to study the cross-sectional pricing of sovereign bonds, rather than its time-series variation
or comovement. Second, we focus on bond excess returns (risk premia) rather than credit spreads.
This is not a mere terminology issue as such measures capture distinct information. While risk premia
only capture compensation for systematic risk, spreads are also affected by default probabilities and
expected losses upon default. Our contribution is to theoretically link sovereign bond risk premia to
macroeconomic risk exposure in the consumption-based paradigm and to conduct cross-sectional tests
to validate the theory.

We are aware of three papers that empirically study the cross-section of sovereign bond risk premia.
Borri and Verdelhan (2012) show that average sovereign bond excess returns line up well with betas
with respect to U.S. stock or BBB corporate bond returns, in conformity with their theoretical model.
Borri and Verdelhan’s pioneering paper also constructs six sovereign bond portfolios used in later work

by Lettau, Maggiori and Weber (2014) and He, Kelly and Manela (2017). Lettau, Maggiori and Weber



(2014) find that the association between the returns of the six bond portfolios and their corresponding
CAPM market betas is stronger when aggregate stock returns are one standard deviation below their
average, consistent with the downside risk CAPM. He, Kelly and Manela (2017) find that the average
returns of the six bond portfolios are better aligned with their betas relative to an intermediary capital
factor, defined as shocks to the aggregate capital ratio of U.S. bond market primary dealers, than with
their CAPM betas. In contrast to the existing literature, we show that consumption-based risk exposure
can rationalize the dispersion of average excess returns across sovereign bond portfolios.

In a recent literature exploiting the term structure of government bonds, Lustig, Stathopoulos and
Verdelhan (2019) and Borri and Shakhnov (2021) study the dollar excess returns of bonds issued in
local currency for different maturities. Focusing on emerging markets, Borri and Shakhnov (2021) show
that heterogeneity in a country’s exposure to global shocks helps explain the cross-section of long-term
sovereign bond returns. The authors find that the term premium drives most of local-currency bond
excess returns, while we find that USD-denominated bond excess returns essentially reflect a default
risk premium.

Finally, our work belongs to a growing literature exploring how global risk factors drive the cross-
section of corporate bond returns (e.g., Bai, Bali and Wen, 2019; Chung, Wang and Wu, 2019; and Bali,
Subrahmanyam and Wen 2021). We contribute to this line of work by showing, both theoretically and
empirically, that cross-country variation in exposure to U.S. consumption moments leads to differences
in average sovereign bond excess returns.

The remainder of the paper is organized as follows. Section 2 presents a model describing how a
country's exposure to global macroeconomic conditions affects the risk premium in its sovereign bonds.
Section 3 details the model calibration. Section 4 discusses the theoretical predictions and includes
simulations aimed at quantitatively comparing moments in the model and the data. Section 5 has

empirical tests of the model’s cross-sectional predictions, while Section 6 concludes the paper.

2 The model

We develop a dynamic asset-pricing model for sovereign bond valuation in the presence of two sources
of systematic risk. The first source of risk stems from the positive correlation between shocks to a
sovereign issuer’'s output and shocks to global consumption. The second source of systematic risk
captures exposure to sudden changes in global macroeconomic conditions: the sovereign issuer’s output

and global consumption face synchronous regime shifts. The two sources of risk are fundamentally



different. While the former involves frequent shocks to output and consumption levels, the latter involves
infrequent shocks to their first and second moments. In the model, the two sources of systematic risk
endogenously generate risk premia in sovereign bonds. Sovereign default (and debt) policies are set
optimally by the sovereign issuer's government, while a global representative agent determines the

pricing of the bonds.

2.1 Economic environment

We first define the dynamics of global consumption. The global economy can be in expansion or
recession, and the conditional moments of consumption growth characterize the global business cycle.

We then describe the state-price density of the representative agent.

2.1.1 Consumption

Let C; denote the instantaneous stream of global consumption, with dynamics given exogenously by

dCt

F = Mc,stdt‘l’ac,stdzc,ta St:{L,H}, (1)
t

where Z.; is a standard Brownian motion under the physical probability measure P. The first and
second conditional moments of consumption growth u., and o.s, take different values depending
on the current state of the economy, denoted by s;. The economy switches unexpectedly between
a recession state (s; = L) and an expansion state (s; = H) according to a two-state Markov chain.
Expected consumption growth is procyclical, while consumption growth uncertainty is countercyclical,
that is, pie.g > pie,r, and o g < 0. 1. The physical probability per unit of time of the economy leaving
state s; is As,, hence the expected duration of state s; is 1/A,,. Recessions are shorter than expansions

when 1/x; < 1/xq.

2.1.2 State-price density

The representative agent has Epstein-Zin-Weil preferences. As we discuss below, this implies that
her marginal utility moves not only with current consumption innovations but also when the economy

suddenly shifts states, i.e., when consumption growth first and second moments change. The state-price



density m; is given by:

1—y
iy T
mo= (8e7) 8 O (pogelorent) (2)

where v is the coefficient of relative risk aversion, 1 is the elasticity of intertemporal consumption, and
B is the subjective time discount factor. The price-consumption ratio pc; is the value of the claim
to the perpetual stream of consumption (per unit of consumption today) and depends on the state of
the economy (see the Internet Appendix A.1). If v # i the price-consumption ratio jumps when the
economy shifts states, and so does the state-price density. When 1 > 1, pc is procyclical, i.e., it jumps
down when the economy transitions from expansion to recession and jumps up when it changes from
recession to expansion.

Following the long-run risk literature (e.g., Bansal and Yaron, 2004), we assume the representative
agent prefers early resolution of uncertainty (v > 1/v). Hence she dislikes bad news about future
consumption, i.e., when expected consumption growth decreases or the volatility of consumption growth
increases. The shift from expansion to recession is associated with a downward jump in the price-
consumption ratio pc,; that, being raised to a negative power when both ¢» > 1 and v > 1/4, results
in an upward jump in the state-price density. The magnitude of such an upward jump is time-invariant
and denoted by the constant Ay > 1.

For pricing purposes, it is useful to think in terms of the risk-neutral probability of switching states 5\L
and Ag. Because the representative agent dislikes bad news about consumption growth moments, the
risk-neutral probability of switching from expansion to recession is higher than its corresponding physical
probability (5\H > Ag), and, conversely, the risk-neutral probability of transitioning from recession to
expansion is lower than its physical counterpart (;\L < Ar). Hence, securities are priced as if the
probability of recessions is higher (and the probability of expansions is lower) than in reality. It turns out
that the aforementioned constant Ay > 1 provides the conversion factors from physical to risk-neutral

probabilities (see the Internet Appendix A):
R “ 1
)\H = AH)\H and >\L = 7)\[/, (3)
Ay

such that the risk-neutral rate of news arrival is p = S\L + 5\H and the long-run risk-neutral distribution

of the states is (fL,fH> = (%f, %)



Equation (3) provides the intuition behind a critical source of risk premium in the economy: securities
whose prices jJump down when a global recession hits provide a risk premium because they are priced as
if recessions are more likely than in reality. Such risk premium ultimately arises from the representative
agent’s preference for early resolution of uncertainty and the associated disutility she experiences when
there is bad news about consumption growth moments.

The following sections show that the price of sovereign bonds endogenously jumps down when the
economy enters a recession. Therefore, sovereign bond prices must embed a risk premium to compensate
investors for this exposure to the global business cycle. We first present the dynamics of output for a
small indebted country exposed to various sources of macroeconomic risk. We then derive sovereign

bond valuation for a given set of default and debt decisions. Later we endogenize these policies.

2.2 Qutput and government revenue

There are several small countries in the economy. The level of country i's output is denoted by X ;

and evolves according to

= = pxisdt+oxsdZ;, sy ={L,H}, (4)

where the conditional expected growth rate is ux ;s and the conditional volatility is ox;s,. The
dynamics of output depends on the global business cycle. Specifically, global recessions imply lower
expected output growth rate (uxm > px,ir) and higher output volatility (ox,i g < O’X,i’L).?’ Such
regime shift synchronicity drives 'long-run macro risk’ in sovereign bonds. In addition, the instantaneous
output shocks Z;; are correlated with consumption growth shocks Z.;, with correlation in state s;
denoted by p; . Such correlation drives 'short-run macro risk’ in the model. We assume that global
consumption is not affected by a country’s economic performance because each country is small relative
to the global economy.

Country ¢'s government revenue Y; ; is exposed to the same sources of variation as its output X ;.
This type of modeling assumes, like Arellano and Bai (2017), that the government faces an unmodeled

constraint such that it cannot raise taxes to prevent an imminent default. Specifically, we define

3In Section 4.3, we let pux i, 7 —px,i,r and ox,i,L —0x,:, g Vary across countries to explore the cross-sectional predictions
of our model.



government revenue as

)

Yie = exp(—pyt)X/, s ={L,H}, (5)

where 7 is a leverage parameter that amplifies fluctuations in government revenue relative to output,
and ¢, is a parameter that pins down the unconditional expected growth rate of government revenue.

By Ito's Lemma, the dynamics of government revenue satisfies

dY; 1
T - <_30y T NUXise T 57 (77 - 1) Ug{,i,st>dt + nUinyStdZm, St = {L’ H} ’ (6)
Yi,t 2 ——
v OY,i,s¢
,U‘Y,i,st

When 7 > 1, government revenue shocks are more volatile than output shocks, as in Chen (2013),
and expected revenue growth displays higher sensitivity to the global business cycle. While we do not
explicitly model the micro foundations of such amplification mechanism, its rationale is easy to explain.
First, some particularly volatile sub-components of national output (e.g., commodities) may be more
highly taxed than others. Second, the part of government revenue available for servicing debt may
consist of taxed output minus relatively inflexible components of public spending such as public sector

pensions. In the Internet Appendix B.3 we report empirical evidence for n > 1 in emerging markets.

2.3 Sovereign bond valuation

Country i issues an infinite maturity sovereign bond characterized by a perpetual coupon ¢;. In the
absence of default, the bond value equals —=— when the current state is sy, which is the present value

c
TB,st

of the continuous stream of coupons ¢; discounted at a riskless perpetuity rate rp ,, given by

Ti—Ts o5 .
B,sy = T8t+ ;+T5tpfja J #Sta (7)
J

where rg, is the equilibrium (instantaneous) risk-free interest rate in state s;.* The discount rate TB,s
captures the expectation that the instantaneous risk-free rate changes with the global business cycle,

and thus differs from the current instantaneous risk-free rate.

“The Internet Appendix A.1 presents the equation of the instantaneous risk-free interest rate, which is identical to that
in Bhamra, Kuehn and Strebulaev (2010a, 2010b). Higher consumption uncertainty (o.,z < o¢,r) and lower expected
growth (me,m > fe,r) in recession increases the demand for the risk-free asset, which implies that the instantaneous
risk-free interest rate is procyclical in equilibrium (rg > rr).



The government defaults on sovereign debt when revenue Y; ; reaches a lower threshold whose level
is contingent on the state of the economy. That is, there are state-dependent default thresholds Yp ; 5,
for default occurring in state sp = {L,H}. We assume that default may occur only once. It may
occur smoothly when the government revenue falls to the threshold Yp; 5, as a result of shocks Z;;,
or discretely when the economy changes state, and the default threshold varies accordingly. When the
government defaults, at a time denoted by tp ;, the bond coupon ¢; is reduced by a fraction x € (0, 1)
thereafter due to debt restructuring. The sovereign bond value B, 4, in state s; equals (see the Internet

Appendix A.2)

tp,i T, 00 T
Bis, = E / ci—dul sy | +Ey / (1 — k) c;—du| s (8)
t Tt tD,i Tt
Before default After default
Ci TB,St
= 1_2"{ Qi,sesp |y Sty SD = {LaH}a (9)
T'B,st 5D B,sp
Default risk discount
with
Ttp
Gisesp = Ky [ —Prob(sp | st) 3t:| : (10)
t

where ¢; 5,5, represents the value of the Arrow-Debreu default claim that pays one unit of consumption
at default time ¢p; if the current state is s; and the state at the moment of default is sp (see the

Internet Appendix A.3).

Ci
7'B,st

The bond value is equal to the risk-free bond value minus a default risk discount. This default
risk discount depends on the value of the Arrow-Debreu default claim, the bond discount rate in both

states (at the time of issuance and at the time of default), and the fraction of the bond that is reduced

in default. The corresponding bond credit spread in state s; is C'S; 5, = B’j;t — T'B,s;-

When the economy switches from expansion to recession, the expected growth rate of a country's
government revenue falls, and its volatility increases. As a result, the country faces a higher default
probability, which increases the value of the Arrow-Debreu default claim and reduces bond valuation.

Sovereign bond prices are thus strongly exposed to the business cycle.

10



2.4 Optimal policies

In our model, governments optimally choose their level of indebtedness and timing of default. The
endogenous level of sovereign debt trades off the economic benefits of debt issuance against the eco-
nomic cost of default. Issuing debt is beneficial to a country, but excessive debt raises the risk of default.
Default is detrimental to economic performance because it instantaneously reduces the country’s gov-
ernment revenue level by a fraction a € (0, 1).5 We define the benefits of debt issuance by r, per unit of
time. The total incentive for debt issuance, denoted by I; 5,, corresponds to (see the Internet Appendix

A.4.1)

& T
Li,, = E [/ rgB@SOW—udu st] (11)
¢ t
= 9B, (12)
T'B,st

There are different interpretations for the debt issuance incentive I; ,,. For example, a government
can use debt proceeds at issuance to finance long-term public investments yielding a return r, per
unit of time, as in Jeanneret (2015). In this case, I; 5, reflects the present value generated by public
investments in infrastructure, for instance. Alternatively, r, may represent the government’s private
benefits for issuing debt, possibly related to the ability to direct rents to favored counterparties executing
public works or to transfer resources to base voters. While it is beyond the objective of the paper to
micro-found the existence of the debt benefits, our specification is sufficiently general to encompass
various reasons for issuing debt.®

When choosing the debt policy at time ¢t = 0, the country i's government maximizes the ex ante
level of sovereign wealth, defined as the debt issuance incentives I; ,, plus the present value of the

government revenue. The present value of government revenue, which we denote by G; g, in state s,

5The presence of an economic cost provides governments the motivation for avoiding default, as in Arellano (2008),
Andrade (2009), Hatchondo and Martinez (2009), Yue (2010), Borri and Verdelhan (2012), Jeanneret (2015), or Rebelo,
Wang and Yang (2021). Mendoza and Yue (2012), Hebert and Schreger (2017), and Andrade and Chhaochharia (2018)
provide empirical evidence on the costs of sovereign defaults.

5t is also common to assume that risk-averse governments issue sovereign debt (purchased by risk-neutral agents) to
smooth consumption/investment (e.g., Eaton and Gersovitz, 1981). However, in this paper we consider an environment
with risk-averse lenders and a risk-neutral government, which precludes any smoothing motives.

11



is given by (see the Internet Appendix A.4.2)

tp,i T 0 .
u u
Gis, = E [ Y w—du st] + E; / (1 - )Y;,—du|s; (13)
t T tpi Tt
Before default After default
Yi,t YD,i,SD !
= iy by (14)
. . »StSD
TYi,s¢ o TYisp
Costs of default
with
Ttr . Y,
/ D,i 1,tp
Gsisp = Bt |——o—"—Prob(sp|s:) st] , st,sp=4{L,H}, (15)
Tt D,i,sp
and
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J »0,] t 53
rY,i,St = rst - )LLY,i,St + - pf_]? ] # St? (16)

P+7j— By

where [y s, = [yis; — V0c,s:Pi5.0Y,i,s, 1S the expected growth rate under the risk-neutral measure.
The two terms of Equation (13) respectively represent the discounted government revenue before
and after default, indicating that the government loses a fraction « of its revenue at the time of default.
When default risk increases, the present value of the government revenue declines because of a higher
expected cost of default. Default risk is captured in Equation (14) with the Arrow-Debreu default claim

, which pays out YDJ at default if default occurs in state sp and the current state is s;.’

/
9 sisp sp

The discount rate ry; 5, applying to government revenue in Equation (14), conditional on the current
state being s;, is the discount rate for a perpetuity with stochastic risk-free rate r; and expected growth
rate fiy,;; under the risk-neutral measure, which are currently equal to rs, and fiy,;s,. If the economy
stays in state s; forever, the discount rate reduces to the standard expression ry; s, = rs, — ly,is.. IN
general, however, the economy can change states, and thus we need to account for the time spent in
recession and expansion at future times.

The optimal coupon maximizes sovereign wealth W; ;, = G; s, + I; 5, at the time of debt issuance

7If default occurs as a result of a regime change, the level of government revenue immediately changes from Yitp,
the level just before default, to Yp,s,s,,, the level at default. Consequently, we must consider the modified set of Arrow-
Debreu default claims q,{,StSDderived in the Internet Appendix A.3.2. See Bhamra, Dorion, Jeanneret and Weber (2021)
for additional technical details.

12



t = 0, and as such satisfies

Ciso = arg max Wi, (17)
where sq is the state of the global economy when debt is contracted. The optimal coupon depends on
the initial state sg. Without loss of generality, we study model predictions assuming the global economy
Is in expansion when sovereign debt is issued.

The government maximizes net sovereign wealth by choosing the optimal state-contingent default

thresholds Yp ; s,,, which are determined by solving the following two smooth-pasting conditions (see

the Internet Appendix A.4.3):
0 (Wi, (Yit) — Bis,) j —

= , st ={L,H}. 18
oY, Rl UL (18)

The default thresholds determining the optimal timing of default in each state of the economy
reflect the trade-off between the benefits and costs of default. On the one hand, defaulting is beneficial
because it reduces future bond coupon payments through debt restructuring, increasing net sovereign
wealth. On the other hand, defaulting is costly as it reduces future government revenue, decreasing
net sovereign wealth. Similarly, greater debt issuance is beneficial, but too much debt becomes costly
due to the increase in default risk. The problem of the government consists of solving Equation (17)
subject to Equation (18). A closed-form solution to this optimization problem does not exist, and we

use standard numerical procedures.

2.5 Sovereign risk premia

We now discuss how the two sources of macroeconomic risk generate risk premia in sovereign bond
prices. Country i's bond risk premium BPF; g, in state s;, defined as the instantaneous expected return

on the bond over the risk-free rate, is equal to

BPi78z = 7UC,Stpi,Sthst =+ )‘St@ZRB St = {L, H} . (19)
—— ————r

1,8t

Short-run macro risk  Long-run macro risk

The first term of Equation (19) captures the compensation for short-run macro risk, arising when
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sovereign bond prices covary with global consumption innovations. The market price of risk associated

with such consumption shocks is yo.s,, while afSt is the instantaneous volatility of sovereign bond

returns:
O'B alnBi’stU (20)
o= ——""oy,
DS 9InY,, U
. OB, Yi s Ci TB,sy
Wlth aln}/i”gt - _Bi,strB,st ZSD ¢TB,5D qi,StsD'

The representative agent dislikes bonds of countries with output growth shocks that correlate posi-
tively with consumption growth shocks, i.e. p; s, > 0. An unexpected negative change in consumption
increases sovereign default risk, which reduces bond valuation when the agent’'s marginal utility of con-
sumption rises. Hence, a positive covariation between bond returns and consumption shocks commands
a positive bond risk premium.

The second term of Equation (19) captures the compensation for long-run macro risk, arising from
the exposure of sovereign bond prices to changes in global macroeconomic conditions. This risk premium
component is determined by the probability As, of leaving state s;, the price of risk associated with this
change of state @ft =1—A,,, and the change in bond valuation caused by the change of state, given
by RP,, = % —1, s; #j = {L, H}. Note that the product ©F R, is always positive. In recessions,

B;

9521—AL>OgiventhatAL:ﬁ<1, ande =B

— 1 > 0, as bond prices are higher in
expansion than in recession. In contrast, in expansions we have @Z =1—Apgy <0 (given that Ay > 1)
and RP; = 3L —1 <0,

Because the representative agent prefers early resolution of uncertainty, she dislikes securities whose
prices decline at the onset of recessions. This is the case of sovereign bonds, because recessions trigger
an increase in default risk by lowering the issuer’s expected output growth and raising its output growth
volatility. We can also interpret the compensation for long-run macro risk in terms of risk-neutral
probabilities. As the state of the economy follows a Markov process, recessions arrive at uncertain
times. With preference for early resolution of uncertainty, the agent prices sovereign bonds using the

risk-neutral transition probabilities, that is assuming that recessions are more likely than in reality, leading

to ©F > 0.
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3 Model calibration

The conditional moments of consumption growth switch randomly across expansion and recession states
according to a Markov chain. Based on Hamilton (1989), we estimate a two-state Markov-regime
switching model on quarterly U.S. consumption data during the 1994Q1-2018Q2 period. Consumption
data is from the Bureau of Economic Analysis and includes real non-durable goods plus services. The
long-run physical probability of state s; = L is set to the frequency of NBER recessions observed during
the postwar period (i.e., fr, = 13.53%).8 The Internet Appendix B.1 reports additional details.

Figure 2 illustrates the series of consumption growth (Panel A), the filtered probability of being in
the recession regime (Panel B), and the implied two-state business cycle (Panel C). The economy is in
state s; = L during the 2007-9 Global Financial Crisis and episodes of negative consumption growth
in 2011 and 2013. The expected growth rate of global consumption is ., = 0.06% in recession and
te,qr = 2.05% in expansion, while consumption growth uncertainty is 0.7 = 1.10% in recession and
oen = 0.96% in expansion. The probabilities per unit of time of leaving the expansion and recession

states are respectively Ay = 6.32% and A\, = 40.39%.
Figure 2 [about here]

The output dynamics of the sovereign bond issuing country is calibrated as follows. First, from
Datastream we obtain quarterly real GDP data for the 40 emerging countries whose data cover at
least one U.S. recession.? Then we compute each country’s quarterly log growth GDP rate. Using
the filtered U.S. business cycle to classify expansion and recession quarters, we compute the first and
second moments of each country’'s output growth over the states s; = H and s; = L. The Internet
Appendix B.2 provides more details on the procedure. Finally, we average across the 40 countries to
find the conditional moments of output growth for the representative country. Such averaging mitigates
concerns that most emerging markets in our sample have short time series of quarterly GDP data, and
that some of the data may have quality issues. The representative country features an expected output

growth rate equal to px = 1.68% in recession and px g = 4.21% in expansion, while its output

8Following the literature (e.g., Bhamra, Kuehn and Strebulaev, 2010a, 2010b; Boguth and Kuehn, 2013; Lettau,
Ludvigson and Wachter, 2008), we focus on postwar data because consumption data recorded during the prewar period
contain significant measurement errors (Romer, 1989). Over the 1952Q1-2018Q2 period, the U.S. economy was in
recessions and expansions during 36 and 230 quarters, respectively.

9The countries are Argentina, Bahrain, Bolivia, Brazil, Bulgaria, Chile, Colombia, Croatia, Czechia, Dominican Republic,
Ecuador, Estonia, Greece, Hungary, India, Kazakhstan, Latvia, Lithuania, Malta, Malaysia, Mexico, Morocco, Mozambique,
Namibia, Peru, Philippines, Poland, Romania, Russia, Slovakia, Slovenia, South Africa, South Korea, Taiwan, Tanzania,
Thailand, Turkey, Uganda, Venezuela, and Vietnam.
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growth volatility is ox 1, = 5.66% in recession and ox g = 3.62% in expansion. The instantaneous
correlation between output growth and consumption growth is pr, = 0.064 in recession and py = 0.034
in expansion.

The economic contraction at default is a = 5%, the average fraction of output lost reported in
Mendoza and Yue (2012) across 23 sovereign default events in the 1977-2009 period. The debt haircut
fraction is ¢ = 75%, the ISDA’s market convention for pricing emerging market credit derivatives. The
return on public investment r, is equal to the unconditional output growth rate of the sovereign bond
issuing country. The government revenue leverage factor is = 4, consistent with emerging economies’
data.’® The value of @y Is set such that government revenue has the same unconditional expected
growth as output.

The representative agent's preferences are governed by risk aversion v = 10, elasticity intertemporal
substitution (EIS) ¢ = 2, and time discount rate 5 = 4%. We discuss the role of investor preferences
on the bond risk premium and the price of risk in the Internet Appendix B.4. Our calibration implies an
unconditional U.S. equity risk premium of 4.22% per year and generates model-implied price-dividend
ratio and level of stock return volatility that are consistent with the data (see the Internet Appendix C).
Conditionally, the equity risk premium is 2.88% per year in expansions and 12.83% per year in recessions,
consistent with the view that equity investors require a higher expected excess return during recessions.
Finally, the instantaneous real risk-free interest rate is 3.74% per year in recession and 4.89% per year

in expansion. Table 1 summarizes the parameter values on the baseline calibration.

Table 1 [about here]

4 Model predictions

This section discusses the role of macroeconomic risk for sovereign bond pricing. We first analyze
how the two distinct sources of macroeconomic risk in the model — short-run and long-run macro risk
— drive a country’s credit risk when debt and default policies are endogenous. Then we assess their
impact on the risk premium embedded in sovereign bonds and derive implications for the variation in
risk premia across countries. While our focus is mostly on model predictions for levels of government

revenue observed at the time of financing (Y = 1), we also explore a simulated economy that accounts

OWe compute leverage for a set of emerging countries as the ratio of government revenue volatility to output growth
volatility, as defined in the model. Leverage equals to 4.06 on average (3.80 when GDP-weighted) and ranges between
2.65 for Mexico and 6.73 for Colombia. See the Internet Appendix B.3 for computation details and country-level statistics.

16



for cross-sectional and time-series variability in default risk to adequately compare bond moments with
their empirical counterparts.

In short, there are two key results. First, by accounting for long-run macro risk, the model increases
the sovereign risk premium by tenfold and matches the level of default risk in the data, but cannot
match the substantial average excess returns observed empirically. Second, the model generates the
following empirically testable proposition: sovereign bonds of countries with greater long-run macro
risk, i.e., whose first or second output growth moments are more sensitive to regime shifts in global

macroeconomic conditions, contain a higher risk premium.

4.1 Macroeconomic risks, default risk, and optimal policies

We start by investigating how the different sources of macro risk affect the level of default risk, as well
as a country's optimal debt and default decisions. Table 2 compares and contrasts three observationally
equivalent models. Column (A) displays results of the baseline model; a world in which there are both
long- and short-run macro risks. Columns (B) and (C) each feature a restricted case nested within
the baseline model. In Column (B) there is no long-run macro risk, that is, the sovereign issuer’s
output process is not affected by shifts in global macroeconomic conditions, i.e., ux ;g = ptx,ir and
oxin = 0x,r- In Column (C) there is no short-run macro risk, that is, innovations to the sovereign
issuer's output process are conditionally uncorrelated with innovations in the global consumption process,
l.e., pi,s, = 0. The unconditional moments of the sovereign issuer’s output process are identical across
the three cases. Specifically, in Column (B)’s calibration, the expected growth rate and volatility of
the issuer’s output match the unconditional first and second moments of output growth of the baseline
model.1t All predictions reported in Table 2 are for levels of government revenue observed at issuance

time (Y =1).
Table 2 [about here]

Comparing results in Columns (A) and (B) shows that long-run macro risk generates higher and
countercyclical sovereign default risk. The unconditional credit spread increases from 68 bps per year in
Column (B) to 154 bps in Column (A), although the total level of output risk remains observationally

equivalent. Default risk is thus higher in a model in which output growth moments change across global

1 The unconditional expected output growth is a weighted average using the long-term probabilities, given by p =
frpr + fapw. Following Timmermann (2000), the unconditional variance of output growth equals 02 = fr.o% + fuoi +
fo (U= fr) (pa — pr)’.
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regimes than in a model with constant output growth moments. The credit spread also becomes strongly
countercyclical. In the full model, the bond credit spread fluctuates from 134 bps in expansions to 276
bps in recessions. In contrast, it remains stable at respectively 68 and 67 bps if the country's moments
are unaffected by the global business cycle. The presence of long-run macro risk thus generates more
realistic sovereign credit spread predictions in terms of level and variation over the global business cycle.

It is worth noting that we obtain these predictions under optimal debt and default policies. Table
2 shows that the optimal default threshold is higher in recessions than in expansions, as in Bhamra
et al. (2010a), and such variation contributes to the countercyclicality in default risk with respect to the
global business cycle. Table 2 also shows that the government optimally chooses lower debt levels in the
presence of long-run macro risk to partially offset the increase in default risk. The optimal debt coupon
decreases from 0.308 in Column (B) to 0.138 in Column (A). However, this debt policy response is not
strong enough to reverse the positive impact on the level of default risk.

In contrast to the sharp differences between Columns (A) and (B), the results in Columns (A)
and (C) are very similar. Hence, whether or not the issuer's output and global consumption shocks
are contemporaneously correlated matters very little for the sovereign's optimal policies and the result-
ing sovereign default risk. Long-run macro risk, i.e., the issuer's exposure to shifts in global macro
conditions, is thus expected to be the economically most important source of macroeconomic risk for
sovereign bond pricing.

Figure 3 displays unconditional credit spreads under different local economic conditions, that is, for
different levels of government revenue Y. Panel A of the figure shows that credit spreads increase
dramatically as local economic conditions deteriorate. When default risk is high, small shocks to output

can lead to very large changes in spreads, and thus bond prices become very volatile.

Figure 3 [about here]

4.2 Analysis of the bond risk premium

This section discusses the predictions for the bond risk premium, which captures total compensation for
macroeconomic risk exposure. We first determine how the risk premium varies over the business cycle
and then decompose it into compensation for short- and long-run macro risks. We find that the bond
risk premium is much higher in recessions and is primarily driven by long-run macro risk. Then, based
on a model simulation, we show that the model can match default risk in the data but cannot generate

the level of risk premia observed empirically.
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4.2.1 Conditional bond risk premium

The bond risk premium is 117 bps per year unconditionally, as reported in Column (A) of Table 2. This
compensation is higher during recessions (366 bps) than during expansions (78 bps). In Column (B),
we switch off the exposure of a country’'s output moments to the business cycle. In this counterfactual
case, the bond risk premium becomes negative (-14 bps), because bond prices now vary countercyclically
over the business cycle due to variation in the equilibrium risk-free rate: in recessions, a lower risk-free
rate increases the value of sovereign bonds, becoming hedge assets to investors. This countercyclicality
in sovereign bond valuation is clearly at odds with the evidence that sovereign bond prices in emerging
markets tend to fall during recessions. This analysis illustrates the critical role of a country’s exposure
to global macroeconomic conditions in sovereign bond pricing.

In Column (C), we consider the alternative case of independent shocks between sovereign output
and global consumption growth. In this case, the bond risk premium is 112 bps per year, and both the
level and the variation across states are similar to the full model (Column A). The correlation between
shocks to consumption growth and sovereign output growth (short-run macro risk) thus has a negligible
impact on the bond risk premium.

Panel B of Figure 3 displays the bond risk premium for different levels of government revenue Y. The
figure shows that the bond risk premium generally increases as local economic conditions deteriorate.
The relation is not entirely monotonic because bond prices become much less exposed to future shifts
in the business cycle when default is imminent. The unconditional sovereign bond premium may be as
high as 250 bps per year if local economic conditions worsen dramatically after the bond’s issuance.

We now investigate in more detail how long- and short-run macro risks affect the bond risk premium,
whose decomposition is given by Equation (19). Columns (A) and (B) of Table 6 break down the bond
risk premium into its two individual components, while Column (C) reports the total risk premium.

Below, we analyze each component of the bond risk premium separately.

Table 3 [about here]

4.2.2 Long-run macro risk

Long-run macro risk reflects the impact of regime shifts in global macroeconomic conditions on the
sovereign's output growth dynamics. When the global business cycle shifts from expansion to recession,

the sovereign issuer's expected output growth rate decreases and its output growth volatility increases.

19



Because the representative agent has a preference for early resolution of uncertainty (y > i), the
change from expansion to recession is associated with an upward jump in marginal utility. At the same
time, the change from expansion to recession is associated with higher default risk and a large decrease
in sovereign bond prices. Therefore, sovereign bond investors experience negative returns in bad times
and, as such, require compensation for such risk.

Column (A) of Table 3 shows that compensation for long-run macro risk is the main contributor
to the bond risk premium. When revenue Y equals 1, this component amounts to 352 bps per year in
recessions and 76 bps in expansions, representing 96% of the total bond risk premium in recessions and
97% in expansions. To understand the magnitude of the long-run macro risk compensation, recall that

B
1,5t

this risk premium is the product of three components: )\StQ{;R where Ag, is the probability per unit

of time of leaving state s;, ©F

s, Is the price of risk associated with a change of state, and Rf& is the

relative variation in bond prices caused by the change of state. In expansion, we have Ay = 6.32%,
@Z =1—- Ay = —0.674, and Rf = —17.79%, which implies a long-run macro risk premium of 76
bps. In recessions, we have A\;, = 40.39%, (1 — Ar) = 0.403, and Rf = 21.63%, which generates
a long-run macro risk premium of 352 bps. The long-run macro risk premium is thus sizable because,
first, the price of macro risk is high and, second, sovereign bonds are expected to decrease (increase)
severely when the global economy switches to a recession (expansion). Panel B of Figure 3 shows
that long-run macro risk remains the primary driver of sovereign bond risk premia under different local

economic conditions, that is, for different levels of revenue Y.

4.2.3 Short-run macro risk

Short-run macro risk stems from the positive covariation between shocks to the sovereign’s output
and shocks to global consumption. Note that these innovations are frequent, i.e., every quarter in
our calibration. But, fitting the data, output growth shocks are small and independent from the low-
frequency changes in global macroeconomic conditions that characterize business cycle fluctuations.
These frequent shocks are also transitory in the sense they do not affect expected growth rates and
volatilities of global consumption or the sovereign's output. Default risk increases and sovereign bonds
fall in value when there are negative shocks. If p; 5, > 0, risk averse investors demand compensation for
holding bonds whose value depreciate when global consumption falls.

Column (B) of Table 3 shows that the compensation for short-run macro risk is tiny. When revenue

equals Y =1, this risk premium component equals 2 bps per year in expansion and 14 bps in recession=-

20



Thus, less than 5% of the unconditional bond risk premium originates from the high-frequency correlation
between the sovereign's output and global consumption. To grasp why the risk premium associated with
short-run macro risk is small, recall that it is the product of four components: Yo, pi s, 02, Where

v = 10 is the risk aversion coefficient, o, is consumption growth volatility, p; s, is the correlation
B

between output and consumption shocks, and is Tis, the volatility of bond returns. In expansion, we
have o,y = 0.96%, p; y = 0.034, and afH = 6.63%, which implies a short-run macro risk premium of
2 bps. In recession, we have o1, = 1.10%, p; 1, = 0.064, and afL = 19.58%, which implies a short-run
macro risk premium of 14 bps. Despite the high risk aversion, the risk premium is negligible because
global consumption volatility is low, and output innovations in emerging markets are only weakly related
to global consumption shocks. Figure 3 shows that the short-run macro risk’'s contribution to bond risk
premia remains tiny under different local economic conditions, i.e., for different Y.

Column (D) of Table 3 shows that the conclusion is similar in an observationally equivalent model
with short-run macro risk only. In this 'restricted model’, the issuer's output moments are constant
over time, but the output process has the same unconditional consumption-CAPM beta as the baseline
model. Accordingly, the constant output volatility equals the unconditional output volatility of the
baseline model, while the correlation between issuer's output shocks and global consumption shocks
increases to 0.15. The correlation is higher than the 0.034 in expansions and 0.064 in recessions of
the baseline model because, for a fixed level of conditional correlation between output and consumption
innovations, the joint fluctuation of output and consumption moments due to regime shifts increases the
unconditional correlation between output and consumption. The bond risk premium in this restricted
model rises to 10 bps per year, and thus remains just one tenth of the total unconditional risk premium
in the baseline model (117 bps).

Overall, our results show that the low risk premium arising from the consumption-CAPM, which has

been extensively studied in the equity market, echoes in the sovereign debt market. Long-run macro

risk is the primary source of risk compensation as it increases the bond risk premium by a factor of 10.

4.2.4 Model simulation and discussion

Results in Tables 2 and 3 show that a model with long-run macro risk generates significantly higher
sovereign credit spreads and bond risk premia than a canonical model with short-run macro risk only.
This section reports that such large increases are still insufficient to match sovereign bond data in

emerging markets.
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We simulate a multi-country economy to compare theoretical predictions with the data. In contrast
to model results tabulated in the paper, which are analytically calculated for a single country with
government revenue maintained at the level of bond issuance (Y = 1), the simulated economy consists
of a large set of countries endowed with different levels of government revenue Y and default risk. The
model simulation thus generates an artificial panel of countries whose credit spreads and bond excess
returns display cross-sectional and time variation. The Internet Appendix D describes the simulation
procedure and presents full simulation results. We find that the level and the term structure of default
probabilities in our simulated economy closely matches the empirical counterparts, as the 1-, 5-, and
10-year default probabilities are 2.23%, 10.63%, and 20.08% in the simulation and respectively 2.88%,
11.29%, and 19.11% in the data. The simulation’s annualized volatility of sovereign bond excess returns
is also very close to that in the data.

The average bond excess return in the simulations is 1.90% per year, while the average credit spread
is 162 bps. These values are higher than their respective 1.17% and 154 bps reported in Table 2
because variations in default risk do not even out in the time series and the cross-section. Yet, both
average excess returns and credit spreads are still significantly below their empirical counterparts in the
1994:Q1-2018:Q2 period, as measured using JP Morgan EMBI Global indices. The average sovereign
bond excess return in the data is 8.53% per year (2.13% per quarter) above one-month T-bills and
5.36% per year above AAA corporate bonds, while the average credit spread in the data is 471 bps
above Treasuries and 376 bps above AAA corporates.

Various economic mechanisms absent in our paper could help close the gap between the model and
data. A first plausible channel is compensation for illiquidity (see, e.g., Duffie, Pedersen and Singleton,
2003; Longstaff, Pan, Pedersen and Singleton, 2011; Chen, Cui, He and Milbradt (2018)). Emerging
market bonds might be substantially more illiquid than Treasuries or AAA Corporates, particularly during
times of distress when investors move out of emerging markets (Jotikasthira, Lundblad and Ramadorai,
2012). Investors would then require a countercyclical liquidity risk premium. A second channel would
be to account for time-varying required compensation for risk. Such time variation could be driven
by preference parameters as in Campbell and Cochrane (1999) or Albuquerque, Eichenbaum, Luo and
Rebelo (2016). Alternatively, it could result from fluctuations on the total amount of risk absorbed by
the public sector rather than by investors, as in U.S. unconventional monetary policy experiments or
International Monetary Fund rescue programs (Chari, Dilts Stedman and Lundblad, 2021). The common

feature of the time-varying liquidity and required risk compensation channels is to generate stronger
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sovereign bond price declines at the onset of global recessions, thereby increasing the unconditional risk

premium required by bond investors.

4.3 Cross-sectional implications

While the model is unable to generate bond risk premia as large as observed in emerging markets,
it provides novel testable predictions in the cross-section. We find that variation in long-run macro
risk across countries leads to much more cross-sectional dispersion in sovereign bond risk premia than
does short-run macro risk variation. The testable implications are that long-short investment strategies
exploiting cross-sectional differences in long-run macro risk should deliver high average returns, whereas
the average return of long-short strategies based on short-run macro risk should be negligible.

We first consider variation in short-run macro risk, as measured by the instantaneous correlation
between the issuer’'s output and global consumption shocks. Investors dislike bonds of countries that
perform poorly when the global economy experiences negative shocks and are thus averse to short-run
macro risk when p; > 0. In contrast, investors favor short-run macro risk when p; < 0, that is when
countries perform countercyclically, such that their bonds offer a hedge against adverse consumption
shocks. The model can thus generate a positive or a negative short-run macro risk premium, depending
on the sign of output-consumption correlation. Panel A of Table 4 shows that the level of this risk
premium remains below 30 bps per year in magnitude, even for relatively high levels of correlation. Cross-
sectional variation in short-run macro risk is therefore associated with little cross-sectional variation in

sovereign bond risk premia.
Table 4 [about here]

Now we explore how the bond risk premium varies as the degree of long-run macro risk varies across
countries. To that end, we compute, for each country i, the degree of exposure to the business cycle

as follows:

MY H — MY L

d’u,i - T _ — (21)
wy,H — Hy,L
OY,i,L — OY,i,H
o = — (22)
Oy,L —OY,H

where py; s, and oy, s, are the conditional mean and volatility of country i's revenue growth, while

fiy,s, and Gy, reflect the conditional moments for the average country (baseline calibration). When
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¢ui > 1and ¢, ; > 1, both revenue growth moments are more exposed to global recessions for country
i than for the baseline country, whereas country i's exposures are relatively lower when ¢, ; < 1 and
¢o,i < 1.

Panel B of Table 4 shows that the unconditional bond risk premium associated with long-run macro
risk can exceed 240 bps per year for reasonable calibration values. When revenue equals Y = 1, a
country with high macro risk (¢,.; = ¢o; = 2) features a bond risk premium of 242 bps, whereas a
country with low macro risk (qﬁm = ¢o,; = 0.5) has a bond risk premium of 48 bps. The bond risk
premium thus varies meaningfully in the cross-section with the degree of long-run macro risk, much
more so than with variation in short-run macro risk. Overall, the theoretical results of Table 4 lead to

the following empirically testable cross-sectional hypotheses:

Hypothesis 1: Long-run macro risk is priced in the cross-section of sovereign bonds. In-
vestors buying bonds with high macro risk and shorting bonds with low macro risk obtain

significant average excess returns.

Hypothesis 2: Both sources of long-run macro risk are relevant for sovereign bond pricing.
Long-short portfolios formed on either exposure to expected growth or growth volatility

deliver significant average excess returns.

Hypothesis 3: Short-run macro risk only delivers a modest bond risk premium. Investors
buying bonds with high short-run macro risk and shorting bonds with low short-run macro

risk do not obtain significant average excess returns.

5 Empirical analysis

Our model predicts that sovereign bonds of countries that are more sensitive to shifts in the global
business cycle deliver higher expected excess returns. In the previous section, we organized this basic
prediction into three hypotheses. In this section, we test these hypotheses using sovereign bond data
for 43 countries from 1994 to 2018. First, we describe the data. Second, we discuss the measurement
of long-run macro risk across countries and present preliminary results. Then we report our portfolio

sorting results and discuss various robustness analyses.
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5.1 Sovereign bond data

We use JP Morgan EMBI Global indices to compute country-level sovereign bond returns. Each coun-
try’'s EMBI index is a value-weighted portfolio of U.S. dollar-denominated government bonds meeting
liquidity criteria. We obtain quarterly EMBI data from Datastream over the 1994:Q1 to 2018:Q2 pe-
riod. After restricting the sample to countries with at least 20 quarters of data, the sample consists
of 43 countries. We compute quarterly excess returns for each country using monthly risk-free return
data from Kenneth French’s website. Table 5 reports descriptive statistics for quarterly excess returns

by country. The last rows present averages of country statistics and pooled averages.
Table 5 [about here]

The average excess return across all countries is 2.14% per quarter or 8.56% per year.1? There is
substantial variation in the average excess return across countries, for example it is 1.09% per quarter
for China and 3.77% per quarter for Russia. Furthermore, the (untabulated) time series average of
quarterly cross-sectional standard deviations in excess returns is 6.5% per quarter, also large compared
to the 2.14% average quarterly excess return. This paper’s goal is to shed light on such cross-sectional

variation in returns, both theoretically and empirically.

5.2 Measuring long-run macro risk

We must measure each country’s degree of long- and short-run macro risk to test our hypotheses. In
principle, measuring short-run macro risk is straightforward: it is defined in the model as the contempo-
raneous correlation between shocks to global consumption growth and shocks to the issuing country’s
output growth. But measuring long-run macro risk is challenging. With long and high-quality time
series of country-level GDP data, one could directly measure the empirical counterparts of the ¢, ; and
¢o,; Parameters. In this case, one would observe several global expansion and recession cycles and could
easily quantify how much each country's first and second GDP growth moments vary with shifts in the
global business cycle. Unfortunately, quarterly GDP data for emerging markets span a limited period and
are of questionable quality. Therefore, we must pursue alternative methodologies to measure long-run

macro risk.

2Note that countries enter and exit the sample over time. For example, there are 14 countries at the beginning of
the sample period and 39 at the end. Therefore, the average excess return across any two countries in Table 5 is not
necessarily comparable because such returns may be computed over very different sample periods.
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We propose two approaches to assess cross-sectional differences in long-run macro risk. Both
approaches rely on sovereign bond returns, consistent with our model in which sovereign bond prices
respond to shifts in the global business cycle. In a preliminary approach, we directly connect data with
theory: we estimate a country’s level of long-run macro risk as the sensitivity of its sovereign bond
return to events triggering global regime changes. However, this approach has limited statistical power
because, in addition to the challenge in precisely dating regime events, our sample contains relatively few
of those events in the time series and relatively few countries in the cross-section. Our main approach
circumvents these issues by combining survey data on U.S. consumption growth and conditional portfolio

sorting.

5.2.1 Preliminary analysis

In our model, sovereign bonds of countries with higher long-run macro risk are more sensitive to global
regime changes. While it is hard to date regime changes in global macroeconomic conditions precisely,
the sudden worsening of the Global Financial Crisis in 2008:Q4 is by far the best example of a perceived
regime shift synchronous with large asset price changes in our sample. Sovereign bond excess returns
were -24% on average during that quarter, but with significant cross-country dispersion, as they ranged
from -65% to 3%. Our model predicts that countries whose bond prices declined the most during such
a regime change should have higher unconditional excess returns. That is, the relationship between

returns observed in 2008:Q4 and their corresponding 'full sample’ returns should be negative.
Figure 4 [about here]

Figure 4 contains four scatter plots, each corresponding to a different definition of the 'full sample'.
As Table 5 reports, countries enter and exit the sample over time, and there are just 10 countries with
complete data over the entire sample period (1994:Q1 to 2018:Q2). The number of countries increases
from 10 (Panel A) to 15 (Panel B), 18 (Panel C), and 23 (Panel D) as the beginning of the sample
period is delayed. Note that we cannot use all 43 countries for which there are some sovereign bond
data because 7 countries were not part of the sample as of 2008:Q4, and 13 countries have time-series
data that are too short (as little as 10 years) for interpreting average returns as expected returns. All
four scatter plots suggest a negative relationship between average quarterly excess returns over the 'full
sample’ and excess returns in 2008:Q4. This preliminary exercise confirms the model prediction that

countries whose bonds are more sensitive to changes in global macroeconomic conditions are riskier and
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offer a higher risk premium.3

5.2.2 Main approach

The preliminary approach of the previous section suffers from low statistical power due to limited data
availability, compounded by the difficulty in identifying regime changes using realized consumption data.
Using surveys of U.S. consumption growth forecasts helps alleviate this problem. Survey (and market)
participants are not constrained to using realized consumption alone when making their forecasts. Thus,
using survey participants’ view about regime changes allows us to employ information that cannot be
easily gleaned from historical consumption data. Moreover, to the extent that survey and market par-
ticipants share the same information, the regime changes implied by such forecasts will be synchronous
with large asset price movements. We can thus measure each country’'s exposure to regime changes
by investigating the co-variation between its sovereign bond returns and changes in survey forecasts.
We use survey data from the quarterly Survey of Professional Forecasters, maintained by the Federal
Reserve Bank of Philadelphia.

Our measure of expected consumption growth is the mean of the one-quarter-ahead U.S. consump-
tion growth forecasts. The interquartile range of these growth forecasts is our measure of consumption
growth uncertainty. Figure 5 plots the time series of these two state variables, with NBER recession
periods in shaded grey. In line with our model, during recessions, expected consumption growth declines

severely while consumption growth uncertainty increases strongly.
Figure 5 [about here]

For each country we compute two quarterly measures of long-run macro risk. Using the most recent
20 quarterly observations, we estimate the slope coefficient of a univariate regression of sovereign bond
excess returns on the contemporaneous change in either expected consumption growth or consumption
growth uncertainty.'* We refer to such slope coefficients as the risk loadings B and 37, respectively.
For robustness, we later consider the joint estimation of ﬁz’.‘ and 37 in a single regression rather than

using two separate univariate regressions.

3In the Internet Appendix E.2, we report results using seven potential regime changes that we identify applying the
Harding and Pagan (2006)'s procedure to realized U.S. consumption growth data. This analysis confirms that countries
whose bonds are more sensitive to regime changes in consumption offer higher average excess returns over the full sample.

14The Survey of Professional Forecasters data is collected roughly at the middle of each calendar quarter and made
public shortly thereafter. Hence, we must ensure that our sovereign return data is properly aligned with survey data. For
example, our data for the second quarter span sovereign bond returns over March, April, and May, which are matched to
changes in survey forecasts from about February 15 to about May 15.
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Using the first principal component (PC) of changes in expected consumption growth and changes
in consumption growth uncertainty, we construct a third measure of long-run macro risk that aggregates
information across first and second moments. The first PC is positively correlated with changes in ex-
pected consumption growth and negatively correlated with changes in consumption growth uncertainty.
We find the corresponding risk loadings ch by regressing sovereign bond excess returns on the first PC
each quarter using rolling 20-quarter windows.

For methodological consistency, we also measure a country’s short-run macro risk using sovereign
bond returns. Consistent with our model, sovereign bond prices should respond to high-frequency (i.e.,
quarterly) global consumption shocks, as these are correlated with local output shocks. Each quar-
ter, using the most recent 20 observations, we run time-series regressions of sovereign bond excess
returns on changes in (realized) consumption growth and collect the slope coefficients 8. We mea-
sure consumption as real non-durables goods plus services expenditures from the Bureau of Economic
Analysis.

Table 5 reports the risk loadings 8, 57, 7 and 3¢ by country computed using the full sample period,
given each country’s data availability. Averaging across countries, we find that bond excess returns tend
to be positively associated with fluctuations in both expected consumption growth (5# = 1.13) and the
first PC (8P° = 1.96), but negatively associated to variations in consumption uncertainty (87 = —8.14),
in line with our theory. However, the average risk loading associated with realized consumption growth
is negative (8¢ = —1.10). Most importantly, risk loadings vary substantially in the cross-section, which
is crucial to test our theoretical predictions.

Figure 6 illustrates how long-run macro risk varies over time and in the cross-section. Panel A
displays the 20-quarter rolling-sample (rather than full-sample) ch averaged across all countries. Panel
B depicts the time series of 20-quarter rolling-sample S for the 10 countries with data available
throughout the entire sample period. The latter plot shows strong cross-sectional variation in the
degree of long-run macro risk and that the ranking of countries is relatively stable over time, indicating

that the risk loadings capture intrinsic country-level characteristics.
Figure 6 [about here]

Finally, Figure 7 plots full sample average bond excess returns against full sample BZPC. As in Figure
4, because countries enter and exit the sample over time, there are four scatter plots with different 'full
sample’ lengths. In all cases, the relationship between bond excess returns and ﬂfc is clearly positive.

Therefore, as the theory predicts, higher long-run macro risk measured by regression-based risk loadings
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is associated with higher average excess returns.

Figure 7 [about here]

5.3 Portfolio sorting and main results

We now test our theoretical predictions using a portfolio sorting approach. This approach allows us to
use data for all individual countries without discarding any sovereign return data. This, along with the
use of survey data, contributes to increasing the statistical power of our empirical analysis. Moreover,
the portfolio sorting procedure, standard in empirical asset pricing, has the attractive interpretation of
representing implementable trading strategies.

Each quarter we build equally-weighted bond portfolios by sorting countries according to their risk
loadings 81", 87, B or B¢. First we use an independent double sorting approach to classify countries
as 'High', '"Medium’, or 'Low’ long-run macro risk. Specifically, the "High' long-run macro risk portfolio
contains countries with " above the cross-sectional median and 3¢ below the cross-sectional median.
These are countries whose sovereign bond prices decrease the most when recessions occur, i.e., when
expected consumption decreases and consumption growth uncertainty increases. The 'Low’ portfolio
contains countries whose sovereign bond prices decrease the least when recessions occur. That is,
countries with Bf below the median and 37 above the median. The "Medium’ portfolio has the remaining
countries. In addition to independent double-sorting, we also form portfolios based on separate single

sorts on !, B7, pr*

i Mo

and 5. In all cases, portfolios are formed every quarter but held over a one-
year investment period. As a result, our sample has 74 partially overlapping one-year returns in the
1999Q1:2018Q2 period. We compute t-statistics based on Newey and West (1987) standard errors to

account for the overlap. Table 6 presents our main empirical results.
Table 6 [about here]

Panel A.l of Table 6 shows that sovereign bond excess returns increase monotonically with long-run
macro risk. The "High' portfolio has constituent countries with correspondingly high average values for
B (1.39) and low average values for 8¢ (-12.10).1° Such large level of long-run macro risk is com-

pensated with significant subsequent average excess returns, equal to 14.55% per year. The "Medium’

151 Table 6, we report pre-sort betas. In untabulated regressions, we compute the post-sort betas of the three sovereign
bond portfolios by regressing their excess returns on contemporaneous changes in expected consumption growth and
consumption growth uncertainty. The post-sort betas of the 'Low’, 'Medium’, and 'High' portfolios are, respectively, 2.67,
3.65, and 6.40 for expected consumption growth and -2.70, -7.05, and -12.40 for consumption growth uncertainty. The
Internet Appendix E.1 provides details on the portfolio allocation by country and the rebalancing frequency.
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portfolio average excess returns equal to 9.23% per year. The 'Low’ portfolio has the lowest average
excess return, equal to 6.44% per year. The 'High" minus 'Low’ (HML) long-short portfolio earns on
average 8.11% per year, which is economically large and statistically significant at the 1% level. Figure

8 illustrates the cumulative performance of the three portfolios.
Figure 8 [about here]

In Panel A.lIl of Table 6, we report single-sorts using the risk loadings on the first PC of changes
in expected consumption growth and consumption growth uncertainty (5°), instead of an independent
double sort on ﬁé‘ and B7. Again, sovereign bond risk premia increase monotonically with long-run macro
risk. The average return of the HML strategy is 7.22% per year, with a t-statistic of 3.02. These results
are consistent with the positive relation between full-sample 5 and average excess returns illustrated
in Figure 7.

In Panel B, we single sort countries by each long-run macro risk component (Bi“ and f37) separately
and observe similar results. The HML strategy that goes long countries with relatively low 87 and
shorts countries with relatively high 37 earns average subsequent returns of 9.25% per year, with a
t-statistic of 3.74. Similar, but less strikingly, the strategy that buys countries with high Bg‘ and shorts
countries with low ! earns 4.17% per year on average, with a marginally significant t-statistic of 1.79.
These results indicate that both sources of long-run macro risk contribute to explaining cross-sectional
differences in sovereign bond excess returns.

In contrast, Panel C of Table 6 shows that the bond risk premium associated with short-run risk is
negligible. Thus, even though there exists some cross-sectional variation in the risk loadings 3f, such
variation does not translate into consistent variation in excess returns across portfolios. To see that, the
HML strategy produces returns that have the opposite sign predicted by theory and are economically
small and statistically insignificant (t-statistic of -0.67).

Overall, confirming our theoretical predictions, we find that sovereign bonds issued by countries with
higher long-run macro risk deliver higher excess returns. Specifically, the premium for long-run macro
risk is economically and statistically sizable (Hypothesis 1) and arises through a country’s exposure to
both expected consumption growth and consumption growth uncertainty (Hypothesis 2). In addition,
we show that the premium for short-run macro risk is empirically non-existent, i.e., long-run macro risk
dominates short-run macro risk in driving the bond risk premium (Hypothesis 3). Therefore, the data

provide strong empirical support for the properties of the bond risk premium predicted by our theory.
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5.4 Robustness analysis

In this section, we verify the robustness of our findings by changing the empirical approach, controlling

for existing explanations, and using alternative measures of long-run macro risk.

5.4.1 Methodological changes

We first show that the positive relation between average excess returns and long-run macro risk is robust
to various methodological changes. We change four different features of the methodology and find that
in all cases: i) average sovereign bond excess returns continue to increase monotonically with long-run
macro risk; ii) the average return of the long-short HML strategy remains statistically significant. Table

7 reports the results.
Table 7 [about here]

Panel | of Table 7 shows that our findings are not sensitive to reducing the investment holding
period from one year to one quarter. The average return of the HML strategy is 2.08% per quarter,
with a t-statistic of 2.75. In Panel Il, the length of the rolling window for estimating risk loadings
51“ and 37 is reduced from 20 quarters to 12 quarters. Accordingly, the sample period increases from
1999:Q1-2018:Q2 to 1997:Q1-2018:Q2. The HML return remains economically large (10.01% per
year), with a t-statistic of 2.23. In Panel Ill, we change the estimation of the risk loadings 51” and 7.
Rather than running two separate univariate regressions, we run multivariate regressions and estimate
B and B7 jointly. The average return of the HML strategy is 6.59% per year, with a t-statistic of 2.77.
In Panel IV, we use value- as opposed to equal-weighted portfolios. The value-weights data are from
JP Morgan and are based on bonds' market capitalizations. The return of the value-weighted HML
strategy is 5.27% per year, with a t-statistic equal to 1.96. This finding suggests that our results are
not driven by countries that play an economically negligible role in investors’ portfolios. In untabulated
results, we compute GDP-weighted returns and find that, while the magnitude of HML return decreases
to 2.99% per year because larger countries tend to display lower average sovereign bond returns, the

result remains statistically significant with a t-statistic equal to 2.12.

5.4.2 Controlling for other factors

Our theory predicts that risk premia in sovereign bonds primarily stem from exposure to low-frequency

changes in global macroeconomic conditions, i.e., long-run macro risk. In this section, we investigate

31



whether our empirical results may be related to alternative explanations. Specifically, we evaluate the
robustness of our results by adding controls to the rolling time-series regressions used to compute the

risk loadings B! and B7. Table 8 reports the results.
Table 8 [about here]

First, we check that the pricing implications of long-run macro risk do not depend on whether we
account for short-run macro risk when estimating the risk loadings. In Panel |, we estimate both ﬁf
and 7 in regressions that control for contemporaneous consumption growth. Next, in Panels Il and
[1l, we separately control for two variables used by Borri and Verdelhan (2012): excess returns on the
S&P 500 index and excess returns on the Bank of America Merrill Lynch BBB Corporate Bond Index.
We ensure that the returns on such indices are contemporary to the returns on the sovereign bond
portfolios in the rolling regressions. Borri and Verdelhan (2012) construct six sovereign bond portfolios
and find that their betas with respect to these indices line up well with the portfolios’ corresponding
average excess returns. Results in Panels | through Ill show that our results are robust to such controls.
In all cases, average excess returns increase with long-run macro risk. The return of the HML strategy
is also economically large and statistically significant. Therefore, our long-run macro risk measures are
not just proxying for short-run macro risk or CAPM-like betas.®

Finally, we check how our consumption-based findings relate to intermediary asset pricing theory. He,
Kelly and Manela (2017) find that their betas with respect to shocks to the capital of financial market
intermediaries can explain Borri and Verdelhan (2012)'s portfolio average excess returns. Using data
from Asaf Manela’s website, we re-estimate B! and 37 while controlling for shocks to the intermediary
capital risk factor. Results in Panel IV of Table 8 show that bond excess returns continue to increase
with long-run macro risk monotonically. However, the distribution of returns is compressed: the average
excess returns of the 'Low’ portfolio increases, while the average excess return of the 'High' portfolio
decreases relative to the baseline results in Panel | of Table 6. At the same time, the dispersion in
pre-sort risk loadings is halved. Nonetheless, the HML return of 5.37% per year still is economically
sizable and marginally statistically significant (t-statistic of 1.85). We can thus conclude that, even

though there is some overlap between our consumption-based long-run macro risk explanation and He,

1%Using data from Adrien Verdelhan's website, we also compare our baseline long-short portfolio returns to one con-
structed from Borri and Verdelhan (2012). Over the same period (1999:Q1 to 2010:Q2), our average HML return was
12.0% per year, slightly below the 13.4% per year of the zero-cost strategy that goes long Borri and Verdelhan (2012)'s
portfolio 6 and short portfolio 1. The standard deviations of returns are respectively 20.5% and 22.3% per year. The
correlation between the two long-short returns is 0.44. This moderate correlation suggests that the underlying sources of
risk premia in the two long-short strategies are neither fully independent nor fully overlapping.
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Kelly and Manela (2017)’s intermediary capital story, our results are not subsumed by theirs.

5.4.3 Alternative measures of long-run macro risk

We now use different proxies for expected consumption growth and consumption growth uncertainty,
thus far measured from the Survey of Professional Forecasters. As an alternative to expected consump-
tion growth, we rely on Harvey's (1988; 1989) insight that the term structure of default-free interest
rates contain information about future economic growth. We follow Harvey (1989) and consider the
one-quarter lagged slope of the term structure (10- minus 2-year Treasury rates from FRED) as a mea-
sure of expected consumption growth. Besides, as an alternative to consumption growth uncertainty,
we use the macroeconomic uncertainty index of Jurado, Ludvigson and Ng (2015).1" We now measure
a country’s long-run macro risk with /37 (exposure to changes in the lagged yield curve slope) and 3}
(exposure to changes in the macroeconomic uncertainty index) coefficients, which we obtain with rolling

time series regressions of sovereign bond returns using 20-quarter windows. Table 9 contains the results.
Table 9 [about here]

Panel A.l of Table 9 displays results of double sorting based on the risk loadings 37 and Bi*. As
before, the 'Low’ portfolio has countries whose sovereign bond returns decrease the least when global
macroeconomic conditions deteriorate, that is, those with 3} below the median and ;' above the
median; the 'High' portfolio contains countries whose sovereign bond returns decrease the most when
global macroeconomic conditions deteriorate, i.e., 87 above the median and 3 below the median.
Average excess returns monotonically increase in long-run macro risk, and the average return of the
HML long-short strategy is 7.07% per year, with a t-statistic of 3.34.

Panel A.ll single-sorts on an aggregate measure of long-run macro risk. We construct the first PC of
four time series: changes in expected consumption growth and in consumption growth uncertainty, both
measured from the Survey of Professional Forecasters, one-quarter lagged slope of the yield curve, and
the macroeconomic uncertainty index. The correlations of the first PC with the four aforementioned
time series are, respectively, 0.74, -0.75, 0.40, and -0.66. Each quarter we estimate the corresponding
risk loading ,ch‘l” based on this first PC using 20-quarter windows. Countries are sorted into tercile
portfolios. Panel A.lIl of Table 9 shows that the average return of the HML strategy is 9.56% per year,

with a t-statistic equal to 3.83.

"The uncertainty index of Jurado, Ludvigson and Ng (2015) has been used in empirical asset pricing by Bali, Brown
and Tang (2017) to study the cross-section of average stock returns and by Bali, Subrahmanyam and Wen (2021) to
investigate the cross-section of average corporate bond returns. This index is available on Sydney Ludvigson's website.
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Finally, Panel B reports single sorting results. When sorting countries on 37, the risk loading based
on lagged changes in the yield curve slope, the HML return is 4.17% per year with a t-statistic of
2.14 (Column ). When sorting on 3!, the sensitivity to changes in the macroeconomic uncertainty
index, the HML long-short strategy has an average return equal to 8.41% per year, with a t-statistic of
3.96 (Column I1). Confirming our previous findings, average excess returns increase monotonically with
long-run macro risk, as our theory predicts.

Overall, the results in this section demonstrate that our empirical results are not sensitive to how we
measure a country’s exposure to expected consumption growth and consumption growth uncertainty.
Replacing the baseline consumption series from forecast data by reasonable alternative measures, we
obtain equally strong results. Thus, our empirical tests provide robust evidence that long-run macro risk

plays a central role in explaining cross-sectional differences in average sovereign bond excess returns.

5.5 Fama-MacBeth regressions

In this section, we depart from the portfolio sorting approach and focus on Fama-MacBeth regressions.
Each quarter we regress future one-year excess returns onto the different risk loadings and then compute
the average slope coefficients across such quarterly regressions. We report t-statistics based on Newey
and West (1987) standard errors with 3 lags to account for the time overlap.

Note that there are two concerns related to the Fama-MacBeth methodology in our analysis. First,
the number of countries in our cross-section is sometimes small. Second, the risk loadings are estimated
in a sample of 20 quarters only. Because of such small sample issues, our Fama-MacBeth estimates
should be taken with a grain of salt, as they may be sensitive to outliers. Nonetheless, we present the

results in Table 10 for completeness.
Table 10 [about here]

We run five Fama-MacBeth regressions. In Column | of Table 10, we show that the average coef-
ficient on BZ.“ in univariate regressions is positive, in line with our portfolio sorts, but the coefficient is
statistically insignificant. By contrast, Column Il reports an average coefficient on 37 that is negative
and statistically significant with a t-statistic of -3.85, in line with our previous findings. The conclu-
sion remains similar when running regressions of excess returns on both ﬁé‘ and 37 simultaneously, as
presented in Column Il

In Column IV, we run univariate regressions of bond excess returns on 5, the slope coefficient on

the first PC of changes in expected consumption growth and consumption growth uncertainty. Recall
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that such component varies pro-cyclically. In line with our portfolio sorts, the average coefficient on 57
is positive, with a t-statistic of 3.01. In Column V, we exploit Bf’c_“ll, which is the risk loading to the first
PC of changes in expected consumption growth, changes in consumption growth uncertainty, changes
in the one-quarter lagged slope of the yield curve, and changes in the macroeconomic uncertainty index
of Jurado, Ludvigson and Ng (2015). The coefficient on /35?5‘“” is 2.39, with a t-statistic equal to 3.32.

BPCT*") translates into an increase

Furthermore, we find that a one-standard-deviation increase in 8¢ (
in average excess returns of 7.4% (7.2%) per year, which is economically sizable. Thus, we conclude
that, despite the potential shortcomings of the Fama-MacBeth methodology in our setting, results are

broadly consistent with the portfolio sorts and the theory.

5.6 Out-of-sample analysis: the COVID-19 shock

The data in our model calibration (Section 3) and main empirical analyses end in the second quarter
of 2018, due to data availability. The COVID-19 crisis presents, however, an interesting opportunity
for an out-of-sample assessment of our model predictions. Like the abrupt worsening of the Global
Financial Crisis in 2008:Q4, the sudden outbreak of the COVID-19 crisis in March 2020 led to large
asset price declines across the world. Notably, the aggregate Bloomberg Barclays Emerging Market USD
Sovereign Index fell by 12.2% that month, but with significant cross-country variation, ranging from a
drop of 59.3% for Ecuador to an increase of 0.2% for Poland.'® Our model predicts that countries with
higher long-run macro risk experience more severe price drops during an unexpected worsening in global
economic conditions, such as in March 2020. In this section, we assess this prediction using long-run
macro risk measured by Table 5's full-sample Bf.’c, whose estimation sample ends in 2018:Q2, before

the COVID-19 crisis. Figure 9 illustrates the results.
Figure 9 [about here]

The figure shows that, on average, countries with larger ﬁzpc indeed experience larger sovereign
bond price declines during the COVID-19 shock of March 2020. The best fit line is negatively sloped,
with a robust t-statistic equal to -2.00. In addition, when sorting countries into 8 tercile portfolios,
the average return of high, medium, and low portfolios is respectively -18.6%, -15.7%, and -10.3% in

March 2020. This out-of-sample analysis provides further evidence that sovereign bonds of countries

18\We use the Bloomberg Barclays Emerging Market USD Sovereign Indexes for the out-of-sample analysis because J.P.
Morgan's EMBI Global Indexes are no longer available to us on Datastream. We verified that country-level monthly returns
of the two families of indexes are very highly correlated.
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with greater long-run macro risk are more exposed to sudden large shifts in macroeconomic conditions,

and are thus expected to deliver higher excess returns.

6 Conclusion

This paper links risk premia embedded in sovereign bonds to macroeconomic risk exposure, both theoret-
ically and empirically. While the correlation with high-frequency consumption shocks is a well-established
source of consumption-based risk premia, our model features a novel source of risk: a country’s exposure
to slowly-moving changes in consumption growth moments occurring when the global business cycle
shifts between expansions and recessions. We label this exposure to global macroeconomic conditions
'long-run macro risk’. We show that regime changes in global macroeconomic conditions generate
higher and countercyclical default risk and introduce an additional source of risk premium in sovereign
bonds. Specifically, bonds of countries experiencing lower economic growth and higher uncertainty
during global recessions are particularly risky and must offer a higher expected excess return. In our
calibration, long-run macro risk accounts for 97% of the sovereign bond risk premium.

We test the model's cross-sectional predictions using sovereign bond data for 43 countries from
1994:Q1 to 2018:Q2. We determine the degree of long-run macro risk of a country by the sensitivity
of its bond excess returns to changes in the first and second moments of U.S. consumption growth,
measured with data from the Survey of Professional Forecasters. After sorting countries into tercile
portfolios based on such exposures, we find that average bond excess returns increase monotonically
with long-run macro risk. A long-short strategy that buys sovereign bonds with high exposure and
shorts sovereign bonds with low exposure earns an economically high and statistically significant return
of 8.11% per year. This finding is robust to several methodological changes, including the consideration
of alternative proxies for consumption growth moments such as the lagged slope of the yield curve
(Harvey, 1989) and the macroeconomic uncertainty index of Jurado, Ludvigson and Ng (2015).

While the canonical consumption-based model fails empirically for emerging market sovereign bonds,
as it does for U.S. equities, we identify a significant relationship between a country’'s expected bond
excess return and its exposure to aggregate consumption growth moments. Macroeconomic risk thus
plays a fundamental role in our understanding of the cross-section of sovereign bonds. Future research
may investigate whether exposure to regime shifts in global macroeconomic conditions helps explain the

cross-section of equity and currency returns in emerging markets.
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Figure 2: Global consumption and the business cycle, 1994-2018.

The figure illustrates the time variation of global consumption and the business cycle dates used in the
model calibration. Panel A displays the annualized U.S. consumption growth rate. Panel B displays the
probability of recession estimated from a two-state Markov-regime switching model on U.S. consumption
data. Consumption is defined as real non-durables goods plus service consumption expenditures from the
Bureau of Economic Analysis. Grey areas denote NBER recessions. Data span the 1994:Q1-2018:Q2
period.
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Figure 3: Sovereign credit spread and risk premium by local economic conditions.

The figure illustrates the impact of macroeconomic risk on the sovereign credit spread (Panel A) and
the bond risk premium (Panel B). Results are reported for different levels of local economic conditions
as measured by government revenue. The panels compare results of the full model with two nested
cases: i) without long-run macro risk and ii) without short-run macro risk. The predictions without
long-run macro risk are obtained by switching-off the country’'s exposure to the global business cycle
(i.e., constant mean and volatility of output growth), while the model without short-run macro risk
implies independent shocks between sovereign output and global consumption growth. All cases are
observationally equivalent in terms of risk and imply identical unconditional output growth moments.
Bond risk premium and credit spread are in basis points (bps) per annum. Unless otherwise specified
the parameters are those of the baseline calibration in Table 1.
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Figure 4. Average bond excess returns and exposure to the Global Financial Crisis.

The figure plots average quarterly bond excess returns versus bond excess returns in 2008:Q4 at the
sudden worsening of the Global Financial Crisis. Average quarterly excess returns are calculated over
four different samples, each of them with a different number of countries based on data availability.
Best fit lines are displayed. Data span the 1999:Q1-2018:Q2 period.
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Figure 5. Time series of consumption growth moments.

The figure illustrates time variation in consumption growth moments. Panel A displays expected U.S.
consumption growth computed as the quarterly mean of one-quarter-ahead consumption growth fore-
casts. Panel B displays U.S. consumption growth uncertainty defined as the quarterly cross-sectional
dispersion in consumption growth forecasts. Both series are annualized and from the Survey of Profes-
sional Forecasters at the Federal Reserve Bank of Philadelphia. Grey areas denote NBER recessions.
Data span the 1994:Q1-2018:Q2 period.
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Figure 6: Time series of long-run macro risk.

The figure illustrates time variation in long-run macro risk as measured by the risk loading 6?6. Each
country’s ﬁfc is computed with rolling time series univariate regressions of past 20 quarterly bond excess
returns on the contemporaneous first principal component of changes in expected consumption growth
and consumption growth uncertainty. Panel A displays the average risk loading across all countries and
one-standard-deviation bounds. Panel B displays the risk loadings for each of the 10 countries with data
availability throughout the entire sample period. Grey areas denote NBER recessions. Data span the

1994:Q1-2018:Q2 period.
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Figure 7: Average bond excess returns and long-run macro risk.

This figure plots average quarterly bond excess returns versus long-run macro risk as measured by the
risk loading 8. Each country’s 8 is computed with a univariate time series regression of quarterly
bond excess returns on the first principal component of changes in expected consumption growth and
consumption growth uncertainty, using all data available. Average quarterly bond excess returns are
calculated over four different samples, each of them with a different number of countries based on data
availability. Best fit lines are displayed. Data span the 1994:Q1-2018:Q2 period.
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Figure 8: Cumulative performance of trading strategies based on long-run macro risk.

The figure shows the cumulative performance of portfolios sorted on long-run macro risk as measured
by the risk loadings 8! and 37. These loadings are respectively computed using rolling univariate time
series regressions of past 20 quarterly bond excess returns on contemporaneous changes in expected
consumption growth and consumption growth uncertainty. The investment strategy is based on in-
dependent double sorts in which the 'High’ ('Low’) macro risk portfolio has countries with /" above
(below) the cross-sectional median and 7 below (above) the cross-sectional median. The 'Medium’
portfolio has the remaining countries. Portfolios are formed every quarter and held for one year. There
are four vintages of one-year-horizon investments (one for each quarter) and the quarterly-rebalanced
trading strategy displayed on the figure equally weights across the four vintages. Grey areas denote
NBER recessions. Data span the 1999:Q1-2018:Q2 period.
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Bond return during COVID-19 by long-run macro risk
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Figure 9: Bond returns during the COVID-19 shock by long-run macro risk.

This figure plots bond returns in March 2020, during the COVID-19 shock, versus long-run macro risk as
measured by the risk loading Bf’c. Each country’s ,Bf’c is computed with a univariate time series regression
of quarterly bond excess returns on the first principal component of changes in expected consumption
growth and consumption growth uncertainty, using all data available over the 1994:Q1-2018:Q2 period.
Bond returns are computed using Bloomberg Barclays Emerging Market USD Sovereign Indices in March
2020. The best fit line is displayed.
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Table 1 : Model calibration.

The table reports parameter values in the model calibration. The state of the global economy s; = H
refers to expansion while s; = L corresponds to recession. The frequency of the data is quarterly and
values are annualized when applicable.

Variable Notation Conditional values  Source
State of the global economy St L H

Panel A: Global environment

Expected consumption growth (%) He,s, 0.059 2.048 Estimates of a Markov-switching
Consumption growth volatility (%) Oc,s, 1.097 0.958 model on U.S. consumption data
Long-term probability (%) fs 13.53 86.47 | (Bureau of Economic Analysis),
Convergence rate P 0.467 0.467 1994:Q1-2018:Q2

Panel B: Agent preferences

Time preference 15} 0.04 0.04
Relative risk aversion vy 10 10
Elasticity of intertemporal substitution P 2 2
Panel C: Country characteristics
Expected output growth (%) X s, 1.677 4.212 Real GDP data conditioned on
Output growth volatility (%) OX,s, 5.663 3.618 | the Markov-switching model
Correlation with consumption Ds, 0.064 0.034 | (Datastream), 1994:Q1-2018:Q2
Leverage n 4 4 Calibrated to the data

- Set t diti | output
Return on public investment (%) Tq 3.870 3.870 et to unconditionat outpu

growth

Default costs (fraction of output) a 0.050 0.050  Mendoza and Yue (2012)
Debt reduction in default K 0.750 0.750 ISDA’s CDS pricing convention
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Table 2 : Model predictions under optimal policies.

The table reports the bond risk premium, credit spread, debt coupon value, and default thresholds in
a model with optimal debt and default policies. Column A reports predictions for the full model, while
Column B contains the predictions of a model that switches off a country’'s exposure to the global
business cycle (i.e., ux,. = px.u,0x,. = ox u). Both cases imply identical unconditional output growth
moments. Column C displays the predictions of a model in which output shocks are independent from
consumption shocks (i.e., ps, = 0). Panel A has unconditional results, while Panels B and C have
results conditional on the global economy being in recession or expansion. Bond risk premium and
credit spread are in basis points (bps) per annum. We use baseline calibration parameters on Table 1
and report predictions for levels of government revenue observed at issuance time (Y = 1).

Full model No business cycle Independent output
exposure shocks

(A) (B) <
Panel A: Unconditional
Bond risk premium (bps) 117 -14 112
Credit spread (bps) 154 68 151
Coupon 0.138 0.308 0.143
Default threshold 0.572 0.565 0.574
Panel B: Recession
Bond risk premium (bps) 366 -41 349
Credit spread (bps) 276 67 272
Default threshold 0.603 0.562 0.604
Panel C: Expansion
Bond risk premium (bps) 78 -10 75
Credit spread (bps) 134 68 132
Default threshold 0.568 0.565 0.569
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Table 3 : Sovereign risk premium decomposition.

The table reports predictions for the bond risk premium and its decomposition by source of macroeco-
nomic risk. Column A displays the risk premium associated with a country’s exposure to low-frequency
but severe changes in consumption growth (long-run macro risk). Column B displays the risk premium
associated with a country's exposure to small but frequent consumption growth shocks (short-run macro
risk). Column C shows the total bond risk premium of the full model. Column D reports the bond risk
premium in a observationally-equivalent 'restricted model” without long-run macro risk. In such model
the country's exposure to the global business cycle is switched-off (i.e., pux,. = pux.u,ox.. = ox ), but
its output volatility and output-consumption correlation match their unconditional counterparts of the
baseline model. Results in Panel A are unconditional while those in Panels B and C are conditioned on
the global economy being in recession or expansion. Bond risk premium is in basis points (bps) per an-
num. We use baseline calibration parameters on Table 1 and report predictions for levels of government
revenue observed at issuance time (Y = 1).

l. Full model Il. Restricted model
Long-run Short-run Total Short-run
macro risk macro risk macro risk
(A) (B) (9 (D)
Panel A: Unconditional
Bond risk premium (bps) 113 4 117 10
Decomposition (%) 97 3
Panel B: Recession
Bond risk premium (bps) 352 14 366 12
Decomposition (%) 96 4
Panel C: Expansion
Bond risk premium (bps) 76 2 78 10
Decomposition (%) 97 3
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Table 4 : Sovereign risk premium and cross-sectional predictions.

The table reports cross-sectional predictions on the bond risk premium. Each value arises from a
different combination of exposure to the various sources of macroeconomic risk. Panel A shows the
bond risk premium for different levels of sovereign output-global consumption correlation (ps,). In
Panel B, the rows show the premium for different exposures of expected output growth rate to global
expected consumption growth (¢,), while the columns show the premium for different exposures of
output growth volatility to global consumption volatility (¢,). Bond risk premium is in basis points
(bps) per annum. We use baseline calibration parameters on Table 1 and report predictions for levels
of government revenue observed at issuance time (Y =1).

Panel A: Premium for short-run macro risk (bps)

Output-consumption correlation, p;,
-0.20 -0.10 0 0.10 0.20

-17 -8 0 8 17

Panel B: Premium for long-run macro risk (bps)

Volatility exposure, ¢,

0.5 1 1.5 2

0.5 48 65 78 95
Expected growth 1 102 117 130 139
exposure, ¢, 1.5 160 172 183 193
2 219 228 236 242
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Table 5 : Descriptive statistics.

The table reports descriptive statistics for JP Morgan EMBI Global excess returns and estimated risk
loadings by country. Excess returns are per quarter and expressed in percentage points. The risk
loadings Bl’.*, 7, BP°, and ¢ respectively represent the exposure of a country’s bond excess returns
to contemporaneous changes in expected consumption growth, consumption growth uncertainty, their
first principal component, and realized consumption growth. These risk loadings are estimated using
univariate regressions as discussed in Section 5.3. The full sample period is 1994:Q-2018:Q2, but

countries enter and exit the sample at different times.

Excess returns Risk loadings

Country Sample period

(% per quarter) (full sample)

Mean Std B 87 Bre B¢
Argentina 94Q1:18Q2 1.68 14.05 3.65 -12.93 3.41 4.24
Belize 07Q2:18Q2 247  17.91 8.36 -26.15 8.38 8.41
Brazil 94Q1:18Q2 2.27 7.86 -0.75 -3.61 0.41 0.90
Bulgaria 94Q1:14Q1 2.70 8.81 -1.36 -7.70 0.91 0.83
Chile 99Q3:18Q2 1.28 291 -0.38 0.04 -0.12 -0.60
China 94Q2:18Q2 1.09 2.51 -0.99 -0.15 -0.28 -0.89
Colombia 97Q2:18Q2 1.78 5.97 -0.47 -3.63 0.49 -1.48
Cote d'lvoire 98Q3:08Q2, 10Q3:18Q2 3.44  21.19 -1.70  -26.66 420 -15.33
Croatia 96Q3:04Q3, 09Q4:18Q2 1.31 4.99 -1.05 -3.32 0.26 -1.01
Dominican Rep. 02Q1:18Q2 2.38 9.22 1.54 -7.60 1.82 -0.14
Ecuador 94Q1:18Q2 3.30 15.29 -0.49 -11.76 1.93 0.24
Egypt 01Q3:18Q2 1.56 4.43 -0.03 -1.20 0.16 1.06
El Salvador 02Q3:18Q2 1.76 6.67 2.14 -6.37 2.12 0.69
Gabon 08Q1:18Q2 240 10.10 5.80 -19.04 6.20 -2.94
Georgia 08Q3:18Q2 2.65 7.92 8.18 -14.13 6.21 -2.96
Ghana 08Q1:18Q2 2.87 10.45 4.08 -18.27 5.17 -1.02
Hungary 99Q2:18Q2 1.18 3.69 0.18 -0.18 0.08 -0.47
Indonesia 04Q3:18Q2 2.12 7.48 2.25 -10.82 3.14 0.07
Iraq 06Q2:18Q2 3.01 11.32 480 -11.46 4.09 -4.35
Jamaica 08Q1:18Q2 2.72 9.55 6.79 -15.16 5.56 3.92
Kazakhstan 07Q3:18Q2 2.05 9.27 6.93 -14.43 5.51 -1.68
Korea 94Q1:04Q2 1.15 5.63 -1.49 -3.06 0.06 -4.46
Lebanon 98Q3:18Q2 1.55 3.25 0.19 -0.46 0.14 -1.13
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Continued.

] Excess returns Risk loadings

Country Sample period

(% per quarter) (full sample)

Mean Std B By Bre B
Lithuania 10Q1:17Q1 1.97 3.46 -1.67 -0.85 -0.46 1.01
Malaysia 97Q1:18Q2 1.17 4.38 -0.88 -2.99 0.26 -1.23
Mexico 94Q1:18Q2 1.63 5.32 -0.04 -2.82 0.49 -0.09
Morocco 94Q1:06Q4, 13Q1:18Q2 1.47 6.04 -0.13 -5.24 0.87 0.30
Nigeria 94Q1:07Q1, 11Q2:18Q2 3.25 9.79 -3.43 -5.13 -0.09 -4.77
Pakistan 01Q3:18Q2 2.01 11.89 5.07 -12.99 3.42 -4.84
Panama 94Q1:18Q2 2.38 7.60 -0.35 -5.39 0.85 -0.37
Peru 94Q1:18Q2 2.55 8.49 -1.42 -3.99 0.27 -0.17
Philippines 94Q1:18Q2 1.82 5.46 -0.51 -4.91 0.71 -1.58
Poland 94Q1:18Q2 1.60 5.14 -1.37 -1.21 -0.21 0.18
Russia 94Q1:18Q2 3.77 14.10 0.35 -11.97 2.22 0.51
Serbia 05Q3:18Q2 1.65 6.76 3.06 -9.65 3.20 -0.22
South Africa 95Q1:18Q2 1.59 4.59 -0.81 -3.13 0.30 -1.43
Sri Lanka 08Q1:18Q2 2.44 9.56 3.88 -14.14 4.27 -4.91
Thailand 97Q3:06Q2 1.43 9.07 -2.37 -8.09 0.63 -5.39
Turkey 96Q3:18Q2 2.00 7.36 -1.11 -7.18 0.93 -0.85
Ukraine 00Q3:18Q2 3.83 17.65 410 -13.33 3.16 -5.66
Uruguay 01Q3:18Q2 2.22 9.93 -0.15 -0.04  -0.04 1.75
Venezuela 94Q1:18Q2 255 11.80 0.09 -11.58 2.07 -0.53
Vietnam 06Q1:18Q2 1.48 4.89 0.02 -7.54 1.60 -0.83
Country average 2.14 8.49 1.13 -8.14 1.96 -1.10
Pooled average 2.13 9.41 0.39 -6.95 1.33 -0.88
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Table 6 : Main empirical results.

The table reports statistics for equally-weighted sovereign bond portfolios sorted on macroeconomic
risk, as measured by the risk loadings Bf, 7, fc, and 3¢. These loadings are respectively computed
using rolling univariate time series regressions of past 20 quarterly excess returns on contemporaneous
changes in expected consumption growth and consumption growth uncertainty (Panels A.l and B), their
first principal component (Panel A.ll), and realized consumption growth (Panel C). Panel A.l reports
results of independent double sorts in which the "High’ ("Low’) macro risk portfolio has countries with
Bt above (below) the cross-sectional median and 87 below (above) the cross-sectional median. The
"Medium’ portfolio has the remaining countries. Panels A.ll, B, and C report results of single sorts
based on f’c, f‘ 7, or [3¢ terciles. Portfolios are formed every quarter and held for one year. The
table shows each portfolio’s average excess returns in percentage points per year and the average risk
loadings of the portfolio’s constituent countries. '"HML' denotes a zero-cost strategy that is long the
"High' risk portfolio and short the 'Low’ risk one. The sample period is 1999:Q1-2018:Q2. We report
t-statistics based on Newey and West (1987) standard errors with 3 lags. Statistical significance at the

10%, 5%, and 1% levels is denoted by *, ** and *** respectively.

Panel A: Sorting on both long-run macro risk components ( 1:* and 5°; II: 37¢)

|. Double sorting Il. Sorting on first principal component
Low Medium High HML Low Medium High HML
BH(1) or pPe(Il) -3.68 -3.61 1.39 5.07 -0.44 0.94 3.98 4.42
87 -1.57 -4.99 -12.10 -10.53
Exc. return 6.44 9.23 14.55 8.11%%x* 6.94 7.67 14.15 7.22%%%
(t-stat) (2.75) (3.02)

Panel B: Single sorting on each long-run macro risk component (3% or 3°)

|. Expected consumption growth [I. Consumption growth uncertainty
Low Medium High HML Low Medium High HML
Br(1) or Bo(IN) -5.77 -2.22 2.12 7.89 -0.43 -4.92 -13.66 -13.16
Exc. return 8.82 6.77 12.99 4.17% 6.24 7.13 15.49 9.25%**
(t-stat) (1.79) (3.74)

Panel C: Single sorting on short-run macro risk (3¢)

Low Medium High HML
B¢ -6.67 -1.81 3.20 9.87
Exc. return 11.78 6.62 9.90 -1.88
(t-stat) (-0.67)
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Table 7 : Robustness analysis - methodological changes.

The table reports statistics for sovereign bond portfolios sorted on long-run macro risk under alternative
specifications. The risk loadings 8!" and 3¢ are respectively computed using rolling time series regressions
of past quarterly excess returns on contemporaneous changes in expected consumption growth and
consumption growth uncertainty. The table reports results of quarterly independent double sorts in
which the "High' ("Low’) risk portfolio has countries with 3!' above (below) the cross-sectional median
and ¢ below (above) the cross-sectional median. The '"Medium’ portfolio has the remaining countries.
Panel | uses a one-quarter rather than a one-year holding period. Panel Il computes risk loadings using
12 quarters of data rather than 20. Panel IIl estimates the risk loadings B! and 37 jointly rather than
individually. Panel IV reports results using value-weighted rather than equal-weighted portfolios. The
table shows each portfolio’s average excess returns in percentage points per year and the average risk
loadings of the portfolio’s constituent countries. '"HML' denotes a zero-cost strategy that is long the
"High' risk portfolio and short the "Low’ risk one. The sample period is 1997:Q1-2018:Q2 in Panel Il and
1999:Q1-2018:Q2 in Panels I, 11, IV and V. We report t-statistics based on Newey and West (1987)
standard errors with 3 lags in Panels Il to V. Statistical significance at the 10%, 5%, and 1% levels is
denoted by *, ** and *** respectively.

[. Quarterly holding period [I. Estimation over 12 quarters
Low Medium High HML Low Medium High HML
BH -3.55 -3.41 1.57 5.12 -6.31 -4.76 0.74 4.32
B8° -1.17 -4.56 -11.62 -10.45 0.41 -3.66 -10.23 -6.88
Exc. return 1.22 2.26 3.30 2.08*** 5.37 9.07 15.46 10.01**
(t-stat) (2.75) (2.23)
[11. Joint estimation of risk loadings V. Value-weighted portfolios
Low Medium High HML Low Medium High HML
BH -3.65 -3.26 1.26 7.91 -3.68 -3.61 1.39 5.07
B° -1.46 -5.05 -10.90 -9.44 -1.57 -4.99 -12.10 -10.53
Exc. return 6.55 8.97 13.13 6.59%** 7.00 7.24 12.27 5.27**
(t-stat) (2.77) (1.96)
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Table 8 : Robustness analysis - adding controls.

The table reports statistics for sovereign bond portfolios sorted on long-run macro risk using various
controls. The risk loadings Bé‘ and 37 are respectively computed using rolling time series regressions
of past 20 quarterly excess returns on contemporaneous changes in expected consumption growth and
consumption growth uncertainty. Each panel reports results considering a different contemporaneous
control variable. The controls are realized consumption growth (Panel 1), S&P 500 excess returns
(Panel I1), Bank of America Merrill Lynch BBB Corporate Bond Index excess returns (Panel Il1), and
He, Kelly and Manela (2017)’s intermediary capital risk factor (Panel IV). The table reports results of
independent double sorts in which the "High’ ('Low’) risk portfolio has countries with /" above (below)
the cross-sectional median and ¢ below (above) the cross-sectional median. The 'Medium’ portfolio
has the remaining countries. Portfolios are formed every quarter and held for one year. The table shows
each portfolio's average excess returns in percentage points per year and the average risk loadings of
the portfolio’s constituent countries. '"HML' denotes a zero-cost strategy that is long the "High' risk
portfolio and short the 'Low’ risk portfolio. The sample period is 1999:Q1-2018:Q2. We report t-
statistics based on Newey and West (1987) standard errors with 3 lags. Statistical significance at the
10%, 5%, and 1% levels is denoted by *, **, and *** respectively.

I. Control for consumption growth Il. Control for stock returns

Low Medium High HML Low Medium High HML
B* -3.83 -3.50 1.75 5.58 -4.05 -4.01 1.28 4.36
5° -1.33 -5.16 -12.02 -10.69 -1.18 -4.91 -11.68 -10.50
Exc. return 6.39 9.67 14.43 8.04*** 7.33 8.83 14.44 7.11%%
(t-stat) (2.88) (2.34)

I1l. Control for corporate bond returns V. Control for intermediary capital factor

Low Medium High HML Low Medium High HML
BH -3.67 -3.21 2.01 5.68 -3.46 -2.09 1.99 5.07
87 -0.92 -4.47 -11.35 -10.43 1.21 -1.01 -5.93 -4.72
Exc. return 6.02 9.27 15.24 9.22%** 7.71 8.91 13.09 5.37%
(t-stat) (3.07) (1.85)
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Table 9 : Alternative long-run macro risk measures.

The table reports statistics for equally-weighted sovereign bond portfolios sorted on alternative measures
of long-run macro risk, denoted by the risk loadings 37 , B, and g7“"'. The loadings 387 and B are
respectively computed using rolling univariate time series regressions of past 20 quarterly excess returns
on contemporaneous changes in the one-quarter-lagged slope of the yield curve (10-year minus 2-year
Treasury rates) and in the macroeconomic uncertainty index of Jurado, Ludvigson and Ng (2015).
The loading g uses the first principal component of changes in expected consumption growth,
consumption growth uncertainty, the lagged slope of the yield curve, and the macroeconomic uncertainty
index of Jurado, Ludvigson and Ng (2015). Panel A.l reports results of independent double sorts in
which the "High' ("Low’) long-run macro risk portfolio has countries with 37 above (below) the cross-
sectional median and S} below (above) the cross-sectional median. The 'Medium" portfolio has the
remaining countries. Panel A.ll and Panel B report results of single sorts based on gY*", 37, or B
terciles. Portfolios are formed every quarter and held for one year. The table shows each portfolio’s
average excess returns in percentage points per year and the average risk loadings of the portfolio’s
constituent countries. '"HML' denotes a zero-cost strategy that is long the 'High' long-run macro risk
portfolio and short the 'Low’ long-run macro risk one. The sample period is 1999:Q1-2018:Q2. We
report t-statistics based on Newey and West (1987) standard errors with 3 lags. Statistical significance
at the 10%, 5%, and 1% levels is denoted by *, ** and *** respectively.

Panel A: Sorting on multiple long-run macro risk proxies (1:3% and g%, |l:3P¢at)

|. Double sorting Il. Sorting on first principal component
Low Medium High HML Low Medium High HML
5 -0.24 3.24 8.26 8.50
B -0.35 -1.24 -2.04 -1.69
/chu,ll 0.17 1.48 4.08 3.91
Exc. return 5.62 10.14 12.69 7.07%** 5.77 7.83 15.33 9.56***
(t-stat) (3.34) (3.83)

Panel B: Single sorting on each long-run macro risk proxy (3° or %)

|. Lagged yield curve slope Il. Macroeconomic uncertainty index
Low Medium High HML Low Medium High HML
5 -1.01 3.50 9.24 8.23
£ -0.27 -1.02 -2.43 -2.16
Exc. return 8.44 7.56 12.61 4.17** 6.49 7.50 14.91 8.41%**
(t-stat) (2.14) (3.96)
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Table 10 : Fama-MacBeth regressions.

The table reports results of Fama-MacBeth regressions. Each quarter we run regressions of future
one-year excess returns on sovereign bonds onto risk loadings B¢, 87, B¢, or gP“!. These loadings
are respectively computed using rolling time series regressions of past 20 quarterly excess returns on
changes in expected consumption growth (I) or consumption growth uncertainty (II), on changes in
both moments (II1), on the first principal component of the changes in these two moments (IV), and
on the first principal component of changes in these two moments, the lagged slope of the yield curve
(10-year minus 2-year Treasury rates), and the macroeconomic uncertainty index of Jurado, Ludvigson
and Ng (2015). The sample period is 1999:Q1-2018:Q2. We report t-statistics based on Newey and
West (1987) standard errors with 3 lags. Statistical significance at the 10%, 5%, and 1% levels is
denoted by *, ** and *** respectively.

l. [l. 1. V. V.
Expected Consumption Expected Principal Principal
growth uncertainty growth & component component
consumption (all series)
uncertainty
B 0.45 -0.21
(t-stat) (0.74) (-0.46)
67 -0.70%** -0.77***
(t-stat) (-3.85) (-3.63)
ch 203***
(t-stat) (3.01)
pPeat 2,30
(t-stat) (3.32)
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A Theory

This Appendix provides details on the model derivation. We determine all claims and endogenous
variables according to the state of the global economy, which can be in expansion (s; = H) or in

recession (s; = L). The country i subscripts are dropped for convenience.

A.1 State-price density and equilibrium risk-free rate

This section closely follows Bhamra, Kuehn and Strebulaev (2010b) and describes the state-price density
and the equilibrium risk-free rate. The state-price density is initially derived by Duffie and Skiadas (1994)
for the general class of stochastic differential utility function proposed by Duffie and Epstein (1992). This
utility function decouples the agent’s risk aversion from her preference for intertemporal resolution of
the uncertainty. The coefficient of relative risk aversion is v, the elasticity of intertemporal substitution
is 1, and the subjective time discount factor is 3.

The representative agent’s state-price density 7 when v # 1 is given by

1—~ v

mo= ()T C (po e ren) (A1)

e

where C is the agent’'s consumption and pc s, is the price-consumption ratio in state s;. The latter

satisfies the following system of implicit non-linear equations:

palst = ?St = He,st + ng,st -
1—v
bcC,j 1 ) 71
1 PC,sy . .
1_i )\St 1_7 ’ Staje{LaH}aj#st (AQ)
with
_ 1 1 1\
Tse =0+ a/ﬁc,St - 57 (1 + w) Oc,s¢) (A.3)

where pi. s, and o, denote the first and second conditional moments of consumption growth.

The dynamics of the state-price density 7; follows the stochastic differential equation:



dmy dM;
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p Fst M, (A-4)

= —rgdt—05dz., — el adn,,, (A.5)

where M is a martingale under the physical measure, N, ; a Poisson process which jumps upwards by
one whenever the state of the global economy s; = {L, H} switches, @ft =1-—A,, is the market price
of risk due to Poisson shocks when the global economy switches out of state s;, and 65 = YOc,s IS
the market price of risk due to Brownian shocks in state s;. The risk distortion factors are such that

Ag = Azl, where Ay is the solution to G(Ap) = 0 with
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Finally, the equilibrium instantaneous risk-free rate r, is given by

~y—1
1 o
TL+ AL % (AHW v —1) —(A;Il—l)] , sg=1
Tsg = L -l (A7)
TH + g H(A;w—1>—(AH—1)], st = H.
A.2 Sovereign bond valuation and credit spread
The sovereign bond value, denoted by B, (Y;) when the current state is s, is determined by
tp T 00 Ty
B, (Y;) = E, [/ c—du st] + E; [/ (1—-K)ce—du st} (A.8)
t Tt tp T
= [ [/ ey, st] —E; {%/ ke du st] ) (A.9)
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where ¢ is the perpetual debt coupon, & is the debt haircut in default, and ¢p is the unknown default
time. The first term of Equation (A.9) represents a risk-free claim that delivers ¢ in every period. It

corresponds to the value of a perpetual risk-free bond which equals

oo
E; [/ c@du
t Tt
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where rp ,, Is the discount rate for a riskless perpetuity when the current state is s; and is given by

Ts —Tsy o7 . .
i s¢; jyse={L,H}. A1l
p+r; Pfjs JF# st Jyst { } ( )

'B,se = Ts, T

The discount rate rp j is lower than the corresponding instantaneous risk-free rate 7y (and analogously
rg,r, is higher than r1) because the risk-free rate is expected to change in the future with the state of
the global economy.

The second part of Equation (A.9) is given by

E; [72:]3/ /@'c:—udu St:| = ZIEt [Prob (sp | st) 7::’3/ /ﬁc;r—udu st] (A.12)
t tp tp sp t tp tp
= ZEt [Prob (sp | st) Ttp st] E; [/ ke du stD} (A.13)
sp Tt tp ﬂ—tD
KC
= Z o Gsesp (Y1), (A.14)
SD B,sp

where sp € {L,H} is the state at the time of default and the summation over sp indicates that a
default can occur in state sp = L or state sp = H. Given the state-price density is Markovian, Equation
(A.12) can be separated into two parts, as shown in Equation (A.13). The first term of Equation (A.13)

is equal to

E; | Prob(sp | st) Tip
Tt

st] — gy (V) (A.15)

which is the Arrow-Debreu claim paying one unit of consumption at the default time tp when the current
state is s;, and denoted by ¢s,s,, (Yz). The second term of Equation (A.13) is the value, at default time,

of a claim which pays kc in perpetuity and whose discount rate is rp s,,. It is thus equal to TBL
»SD

Combining Equations (A.9), (A.10), and (A.14), the sovereign bond value is equal to

C RC
BSt (}/t) = - Qsisp (Y;f)a Sty SD = {L>H} . (A16)
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The sovereign credit spread that the agent requires for holding the country’'s government bond when



the current state is s; is determined as follows:
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The probability of sovereign default, over an horizon 1" and within a given state sy, is given by:
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where the conditional expected growth rate of government revenue is pys,, the conditional volatility is

Oy, and ®(-) is the cumulative density function of a standard normal distribution.

A.3 Arrow-Debreu default claims

This section derives the two kinds of Arrow-Debreu default claims used to price securities. The first kind
of Arrow-Debreu claims captures a default triggered by the country’s government revenue continuously

falling below a default threshold within a given state. It is given by

Tt
Osisp = By ﬂ_—DProb(sD|st)
t

5t:| . (A.21)

The second kind of Arrow-Debreu claims accounts for a default arising from a sudden change in the
state of the global economy, even if the level of the country’s government revenue remains unchanged.
This situation can occur when the global economy is in the economic state with the lower default
threshold and switches to the other state, such that the default threshold instantaneously increases to a
higher level. If the level of the country’'s government revenue was above the initial default threshold, but

below the new default threshold, there is a sudden default. This second kind of Arrow-Debreu claims is
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given by

Ttp Y;tD
= E,|—=—=-Prob(sp|s
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A.3.1 First kind

The Arrow-Debreu default claim g, s, is the time-t value of a security that pays one unit of consumption
at the moment of default tp, where s; represents the current state of the global economy, and sp the
state at the default time. The time of default is the first time that the government revenue of the
country falls to the threshold Yp s,,. By definition, this Arrow-Debreu claim is given by

Tt
Osisp = By T_DProb(sD|st)
t

5t:| ) (A.23)

which solves the pair of ordinary differential equations (ODE):

1 4 2 quStsD

2 Oy,s, dY?2

d ~
py,s, Y (ilS;jD + A, (‘IjsD - qStSD) —Tsqs;sp = 0, (A.24)

where 1y, and oy, denote the expected growth rate and the volatility of government revenue in state
s; and S\St is the risk-neutral probability of leaving state s;, with j # s; and j,s, = {L, H}.

The above ODEs are obtained by applying Ito's Lemma to the classical non-arbitrage condition
Ei‘/Q [dqstSD - TstqstSD] = 0. (A-25)
The Arrow-Debreu claim payoffs are such that:

17 St = SD, Y S YD7st
Qsisp (Y) = y StySD = {LaH} (A26)

0, st #sp, Y <Ypg.

Therefore, each state of the global economy is characterized by a specific default threshold. The
Arrow-Debreu claims are derived in two distinct cases: Yp g <Yp or Yp g > Yp 1.

In the first case, Yp g < Yp, . the default barriers are higher in recession and lower in expansion
and each of the four Arrow-Debreu claims is determined over three separate intervals: Y > Yp o,
Ypr>Y >Ypu,andY <Yp y.

From the payoff equations we can infer the values of the four Arrow-Debreu claims in the interval

A-5



Y <Yp . For the interval Y > Yp 1, we are looking for a solution of the following general form:
qStSD (Y) = h’StSDYk7 (A27)

which implies that k& must be a root of the quartic equation

1 N 1 -
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Mg =0. (A.28)
The Arrow-debreu claims can be written as

4
dsisp (Y) = Z hstsD,mYkm (A.29)

m=1

with k1,ko < 0 and k3, k4 > 0. However, when Y goes to infinity the Arrow-Debreu claims must be

null, which indicates that we should have hg,s,, 3 = hg,sp,4 = 0. We then obtain

2
dLsp (Y) = Z thD,mYkm (A30)
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iy 505k (k—1) + py.ok — (5\L + TL)
e(km) =— - =— - . (A.32)
102 ik (k= 1) + py,rk — (AH+7«H) AL

Finally, over the interval Yp 1, > Y > Yp g, both ¢p 1 and gp i are known from the payoffs equations

and are respectively equal to 1 and 0. Then,

3 2
A .
quL (V) = —H— 43 sy, Y7 (A.33)
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where

with j1 < jo.

%

Vi (G— 1) + py.aj — (5\H + T‘H) =0

To summarize, the four Arrow-Debreu claims can be written as follows
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qHL
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Y >Yp L
Ypr>Y >Ypw
Y <Ypnu
Y >Ypy
Ypr>Y >Ypnu

Y <Ypnm

Y >Yp L

Y <Ypu
Y >Yp
Ypr>Y >Ypny

Y <Ypu.

Ypr>Y >Ypu

(A.35)

(A.36)

(A.37)

(A.38)

(A.39)

The eight constants (hrr1,hrr2, how, hrE 2, 50,1, 50,2, SH1, SH,2) are determined by eight threshold

conditions, which are

+
Y%YD’ L

+
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lim qrr =1,
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Y*)YD7L
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lim gqpm =1,
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where ¢s,s,, denotes the derivative of gs,s,, with respect to Y.

In the second case (Yp n > Yp 1), the default barriers are higher in expansion and lower in recession

and each of the four Arrow-Debreu claims is determined over three separate intervals: Y > Yp g,

AT



YD,H >Y > YD,Lv and Y < YD,L- We then obtain
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(A.40)

(A.41)

(A.42)
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The eight constants (hrr.1,hrr2, hra1, hrm2, 501,512, SH,1,SH,2) are determined by the following

eight threshold conditions:

lim grrp =1, lim qrg =0

Y_>YD,L Y_>YD,L
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A.3.2 Second kind

We use the same approach to derive the second kind of Arrow-Debreu default claims, which accounts

for the possibility that a default happens when the state of the global economy suddenly switches. When



Yp.u < Yp,r, the only claim that is different from that of the first kind is gz, given by
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When Yp i > Yp 1, the only claim that is different from that of the first kind is gz given by

Z?n:l hpamY o, Y >Ypnu
! — A Y 2 jm
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A.4 Government

This section derives the debt issuance benefits, the present value of the country’s government revenue,

and the country’s sovereign wealth.

A.4.1 Debt issuance benefits

The government’s motivation for issuing debt is to invest internally the amount of capital raised at
the time of debt issuance (¢t = 0). Financing public investments yields a return r,. The government's

incentives for issuing debt, denoted by I, (Y;) when the state is s; at time ¢, equals

9 T
I,(Y;) = E [/t rgﬁ—tdu st} Bs, (Y0) (A.46)
= 1R [ / ™ st} B, (o) (A.47)
t Tt
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A.4.2 Discounted government revenue
The present value of the country’'s government revenue, denoted by G, (Y;) when the current state is

St, can be written as

tp T, 00 T,
Gs, () = E [ t Yuﬂ_—tdu st] + E; [/t (1—-a)Y,—du
D

Tt
o o
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The first term of Equation (A.50) can be written as

st} (A.49)

st] . (A.50)
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where ry g, is the discount rate applicable to risky government revenue, given by

ri = Hy) = (Tsy — Byise) <5 ,
(g = Pvi) = (s Z ) o5 5 s sy = {L,HY, (A53)
D+ 1T — y,;

Ty,s; = Tsy — HY,sy +

wWith fly,s, = ty,s, — V0,5, P5:0Y,s, denoting the expected growth rate under the risk-neutral measure.

From the strong Markov property, we can solve for the second term of Equation (A.50), which yields

[ee]
E, U Y, ™y,
tp Tt

Combining Equations (A.50), (A.52), and (A.54), the present value of the country’'s government

/ Ybs
5t:| = ZQStSD (Yt) Dsp : (A54)
Sp

TY7SD

revenue is given by

Y, Yps,
Go(Y) = ——ad) “20g (V). (A.55)
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A.4.3 Sovereign wealth and smooth pasting conditions

Sovereign wealth is defined as the present value of government revenue plus the benefits of issuing debt.

From the derivation above, sovereign wealth W, (Y;) at time ¢ and for current state s; is given by

Ws, (V) = Gs(V2) + L, (V) (A.56)
Y; Ypsp o g

= — E : Y; B, (Yp). A.57

TY.s, Q - TYsp Asisp ( t) + T'B.s, 0( 0) ( )

We now derive the smooth-pasting conditions that ensure continuity in the objective function at
the time of default (see Merton, 1973; Dumas, 1991). For convenience, we denote the net value of
sovereign wealth by Wy, (Y;) = Wy, (Y;) — Bs,(Y:). Combining Equations (A.16) and (A.57), W, (Y;)
is given by

J— th YD sp ! T’g
W.(Y,) = — d Y, B, (Y
St( t) Ty.s, « Z Yoy Asisp ( t) + T'B.s, 80( 0)

SD

_[ ¢ - Tty (YD) (A.58)

TB,s: 5D TB,sp

The smooth-pasting conditions must satisfy the following equations:

oW, (V%)
oY

- ayf,,st (Wst(yt)}yt,yD St) ., sse={L,H}. (A.59)
th:YD,st ’

From the definition of the Arrow-Debreu claims (A.26), W, (Y;) at default time is

1 -« Tq (1—kK)c
Wor0lvimvy,, = Yoo o T B0 = 2

(A.60)

and the right-hand side of Equation (A.59) is thus determined by

0 — 1 -«
8YD,st (WSt(nM}/t:YDvSt) - ’ (A61)

Ty, s¢

Hence, the smooth-pasting conditions satisfy the pair of equations given by

W5, (Y1)
Y;

1 _
U= oy (A.62)
Yt:YD,St TKSt
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B Model calibration

This Appendix provides details about the model calibration.

B.1 Transition probabilities

This section describes the estimation of transition probabilities. Following Hamilton (1989), we estimate
a two-state Markov regime-switching model for U.S. consumption growth over the 1994:Q1-2018:Q2
period. We constrain the long-run frequency of the state s; = L to correspond to the frequency of
NBER recessions observed during the postwar period (1952Q1-2018Q2), that is, f;, = 0.1353 and
fu=1-fL.

We denote the probability of switching from state 7 to state j by 7j;, such that the transition
probability matrix is T = Tan Tur ,with Tgg = 1 —Tyyr, and T, = 1 — Try. As in Bhamra,

Try Top
Kuehn and Strebulaev (2010a, 2010b), the relation between the physical long-run frequency f,, and

—1
the transition probability matrix T5; is fr = (1 + %) . Hence, for a given long-run frequency fx,

we must have %’5 = ;11 — 1. From the constrained maximum likelihood estimation, we obtain the

following transition probability matrix:

0.9851 0.0149
T = . (A.63)
0.0953 0.9047
While the constraint f7, = 0.1353 ensures a reasonable long-run frequency of the state s; = L, we verify

that the constrained and the unconstrained estimations are not statistically different from each other:

the Likelihood-ratio test has a p-value of 0.76. Finally, the probability A5, that the global economy

leaves the state s; € {L, H} is given by A\;, = pfy and Ay = pfr, with p = —4in (1 - ljlh}il)

B.2 Conditional output growth moments

This section estimates the conditional output growth moments of the representative sovereign bond
issuer. First, we determine business cycle dates based on the filtered probability of being in recession.
Figure 2 in the paper displays the time series of U.S. consumption growth used in the estimation (Panel
A) and the filtered conditional probability of being in the state s; = L (Panel B). Panel C displays the

quarters when the economy is in the recession state (s; = L). Based on this regime categorization, we

A-12



compute the conditional moments of output growth (px.; s, and ox.; s, ) and the correlation with U.S.
consumption growth (p; s,) using GDP in constant U.S. dollars. Table A.1 reports the equally-weighted
and GDP-weighted moments, as well as their median, standard deviation, and the interdecile range.
The GDP-weights are computed using each country’s average GDP in constant U.S. dollars. Both the
median and the average country (using either equal or GDP weights) display higher output growth rate
in expansion than in recession (ux,; g > ftx,,r) and lower output growth volatility in expansion than
in recession (ox,i, 1, > ox,i ). The correlation between output growth and U.S. consumption growth

(pis;) is small in all cases.

Table A.1 [about here]

B.3 Estimation of the leverage parameter

This section empirically assesses the leverage parameter n for a set of emerging economies. Based
on data availability, we consider 10 countries with different sizes and levels of economic development.
The countries are Bolivia, Brazil, Bulgaria, Chile, Colombia, India, Mexico, Philippines, Russia, and
South Africa. We first construct each country’s time series of government revenue (Y; +) by multiplying
GDP in constant U.S. dollars (the same concept used in the output calibration) by Revenue Excluding
Grants as a percentage of GDP. The latter data is from the World Bank's website. Then we compute
country-level leverage proxies as the ratio of unconditional government revenue growth volatility (oy;;)
to unconditional output growth volatility (o ;), as defined in Equation (6) of the model.

Table A.2 reports the results. The average volatility of government revenue growth is 8.57% and the
average volatility of output growth is 2.18%. This implies a GDP-weighted (equally-weighted) average
leverage of 3.80 (4.06) and a standard deviation of 1.07. The GDP-weights are computed using each

country’s average GDP in constant U.S. dollars.
Table A.2 [about here]

It is important to verify that such leverage ratios generate reasonable conditional values for gov-
ernment revenue growth. Table A.3 compares the government revenue growth moments in the data
(Panel A) and in the model (Panel B). All moments are conditioned based on the business cycle dating
estimated with U.S. consumption data. The model-implied conditional revenue growth rates are based
on Equation (6), using the parameters reported in Table 1. The results show that expected government
revenue growth in the model calibration is close to the empirical counterparts, based on the 10 coun-

tries for which government revenue data is available. In particular, the difference between government

A-13



revenue growth in expansion and recession equals 9.01%, both for the GDP-weighted data and in the

model calibration.

Table A.3 [about here]

B.4 Investor preferences and the bond risk premium

This section discusses the role of investor preferences in determining the bond risk premium. Figure A.1
presents the bond risk premium for different levels of relative risk aversion () and time preference (3),

while Table A.4 reports corresponding predictions on the price of risk.
Figure A.1 and Table A.4 [about here]

The bond risk premium increases when the representative agent is more risk-averse (higher v). Both
the short- and long-run macro risk premium components increase. The short-run macro risk premium,
given by ’YUc,stPi,sths, directly increases with the risk aversion coefficient v through the price of risk.
The long-run macro risk component also increases with risk aversion because investors display a stronger
preference for early resolution of uncertainty when the difference between v and % increases. In addition
to these direct effects, higher risk aversion increases the precautionary motives and thus reduces the
equilibrium risk-free rate. A lower risk-free rate increases the present value of the debt coupons that
the government must service, thereby increasing default risk and the risk premium. Similarly, the bond
risk premium decreases with time preference: less impatience (lower 3) translates into a lower risk-free
rate and higher default risk.

Table A.4 indicates that the price of long-run macro risk is Ay = 5\H/)\H = 1.674, which implies
that investors overweight the probability of switching from expansion to recession by 67.4%. Investors
thus price bonds as if recessions are more likely than in reality. The ratio of the unconditional risk-neutral
default probability (Q) over the unconditional physical default probability (P), both computed at a 5-
year horizon, reflects how much investors overweight the increase in default probability during recession.
We compute the unconditional risk-neutral default probability (Q) using the long-term risk-neutral
distribution (fr = 0.3048, fz = 0.6952) to weight the default probability in each state s, = {L, H}.
Correspondingly, we use the real-world distribution (f, = 0.1353, f = 0.8647) to compute the physical
default probability (). The ratio of probabilities equals 1.94 in the baseline calibration, which indicates
that investors price sovereign bonds as if the unconditional level of default risk were 94% greater than
in reality, mostly because of long-run macro risk. Macroeconomic risk thus entails a substantial price of

risk.
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C Equity risk premium

This Appendix derives the equity risk premium in the economy. As in Abel (1999), among others, we

assume that dividends D; lever up consumption such that
Dy = exp(—pBqt)Ce, (A.64)

where ng > 1 is the leverage parameter and 83 > 0 is an adjustment parameter determining the
unconditional expected growth rate of dividends (Andrei, Hasler and Jeanneret, 2019). Applying Ito's

Lemma, the dividend process is:

dD 1
ﬁ = (—ﬁd +1lafte,s; + 51 (na —1) 03,5t> dt + 140c,s,d 2t (A.65)
:u'd,st

The stock price, denoted by S, (D;) when the current state is s, is the claim to the dividend process

and given by
Sst(Dt) = K |:/ Du@du 3t:| (A66)
t Tt
D
rd,st

where rg 4, is the discount rate applicable to the dividend dynamics, which is given by

. Ti = Hdj) — (Tsy — Hdyse) 7 . ,
ras = ey — T 4 LT RA) = ZRds) e gy (AG8)
P+ri— [dy

where [ig s, = ftd,s, — yndag’& is the expected growth rate of dividend under the risk-neutral measure.
The equity risk premium E P, in state s;, defined as the instantaneous expected return on the stock
in excess of the risk-free rate, is equal to

EP,, = oz, + A, OL Ry, sy ={L,H}. (A.69)

1,8t

The first term of Equation (A.69) captures compensation for instantaneous dividend innovations. The
second term captures compensation for changes in global macroeconomic conditions. The latter risk

premium component is determined by the probability As, of leaving state s;, the price of risk associated
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with this change of state G)Z = 1— A, and the change in stock valuation caused by the change of

S = S 1, s # j = {L,H}. The conditional stock return volatility is given by
St

1,5t Si

state, given by R

)

2
0-35:5 = \/(O-C,St)2 + )‘St (R%S:St> ’

We calibrate the iy and 84 parameters to generate theoretical price-dividend ratio and stock return

volatility matching their empirical counterparts. Our calibration reproduces the log price-dividend ratio
of 6.4 and stock return volatility of 19.8% per year reported in Schorfheide, Song and Yaron (2018).1°
Furthermore, we obtain a dividend growth volatility of 12% per year, in line with the 11.1% over the
1930-2008 period reported by Beeler and Campbell (2012). Using such parameters and those on Table
1, Equation (A.69) implies conditional equity premia equal to 12.83% per year in recession and 2.88%

in expansion, leading to an unconditional equity risk premium equal to 4.22% per year.

D Model simulation

This Appendix describes the simulation procedure discussed in Section 4.2.4. We generate 500 artificial
datasets consisting of 40 countries over 98 quarters, corresponding to the 1994:Q1-2018:Q2 period.
Each sovereign experiences two types of common shocks: a systematic component in output growth
shocks (dZ; ;) and synchronous changes in the state of the global economy s;. To model such depen-
dencies, we draw quarterly shocks to a sovereign’s output from a distribution with conditional correlation
pi.s, With quarterly shocks on U.S. consumption growth (dZ.;). In each period, the state of the global
economy may also switch, and we use the business cycle estimated over the 1994:Q1-2018:Q2 period
to determine whether the economy is in expansion or recession. The state of the global economy de-
termines not only the correlation between output and global consumption shocks (p; s,) but also the
first and second moments of global consumption and output growth, as well as the equilibrium risk-free
rate. While the business cycle is common across all countries, the exposure of their bond prices to a
change in the state of the global economy can differ based on their current default risk level. The model
simulation is thus useful to study how bond excess return and credit spreads vary over time and across
countries in the model in a way that can be compared to the data.

At the start of the simulation, all sovereigns choose a debt coupon and default policies that corre-
spond to those discussed in Section 4.1. To generate an initial cross-section of countries, each sovereign

starts at date t = 0 with a level of government revenue drawn randomly between 0.6 and 1, such that

19Similarly, Beeler and Campbell (2012) report a log price-dividend ratio of 6.36, a stock return volatility of 20.2%.
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the initial distance-to-default varies across sovereigns. The initial cross-country distribution of govern-
ment revenue is calibrated so that simulated default frequencies match those observed empirically (more
details below). At the start of every period, the state of the global economy over the previous quarter is
determined. Then, each sovereign observes its own state-dependent revenue dynamics over the quarter.
If the level of government revenue crosses a state-dependent boundary (Y;; < Yp.s, In state s¢), the
sovereign defaults. We replace a defaulted sovereign with another sovereign at optimal indebtedness
level and government revenue equal to Y;; = 1, such that the number of countries in the economy
remains constant over time. Similarly, if government revenue reaches an upper threshold (Y;; > 3),
we replace the sovereign by a new one with government revenue equal to Y;; = 1, thus resetting its
indebtedness ratio to the optimal level. This adjustment prevents that the economy becomes dominated
by a few disproportionally large countries, and prevents government indebtedness (debt value to output)
from vanishing over time. Next, we extract the quarterly value of the bond and its credit spread. We

compute the annualized bond excess return of country i in quarter ¢ when the current state is s; as

1 Bi,t,st +cAt

. B ‘ : .
Rp 16 = A B e, "Bt where B;; s, is the value of the bond, ¢ is the debt coupon (common

across countries), rp., is the risk-free discount rate, and At = 1 is the discretized time increment.

We repeat each simulation 500 times. In total, the simulation thus consists of 500 economies of 40
countries each, which implies almost 2 million quarterly observations. We first compute the statistics
for bond excess returns and credit spreads for each simulated economy exactly as in the data. We then
average these statistics across economies and compute their 5th and 95th percentiles. This approach
allows us to study the sampling distribution for statistics of interest produced for each economy.

Table A.5 presents the simulation results. Before comparing credit spreads and sovereign risk premia
in the simulation to their empirical counterparts, we must check that the model generates reasonable
default frequencies at different horizons. Panel A of Table A.5 shows that the level and the term
structure of default probability in the simulation closely match their empirical counterparts. The av-
erage cumulative 1-, 5-, and 10-year default probabilities are 2.23%, 10.63%, and 20.08% across the
simulated economies, while they are respectively 2.88%, 11.29%, and 19.11% for speculative-grade
foreign currency sovereign bonds, as reported by Standard and Poor’s (2020). These empirical default

rates are well within the confidence intervals of our simulations. The model parameters and the initial

cross-country distribution of government revenue are therefore properly calibrated.
Table A.5 [about here]
Panel B of Table A.5 compares bond excess returns and credit spreads in the simulation to those
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in the data. We report two sets of numbers for the empirical counterparts: 'raw’ and 'AAA-adjusted’,
depending on the proxy for the risk-free rate. We compute the raw excess returns using the one-
month T-bill from Ken French's website as the risk-free return, while the raw credit spreads as reported
directly by JP Morgan for EMBI Global indices and thus based off the U.S. Treasury yield curve. The
AAA-adjusted calculations use the ICE Bank of America AAA U.S. Corporate Index as a proxy for the
risk-free asset, addressing the potential critique that Treasury bonds may not be appropriate proxies for
the default-free borrowing rate because they are valued at a premium due to their extreme safety and
liquidity (e.g., Krishnamurthy and Vissing-Jorgensen, 2012). Accordingly, we use the AAA Corporate
Index return as the risk-free return for calculating bond excess returns and subtract the AAA Index credit
spreads (relative to the U.S. Treasury curve) from the EMBI credit spreads to compute the sovereign
bond credit spreads.

Panel B of Table A.5 shows that the average (annualized) bond excess return in the simulations is
1.90%, while the average credit spread is 162 bps per year. Both the average risk premium and average
credit spread are significantly below their empirical counterparts in the 1994Q1-2018Q2 period. The
average excess return of sovereign bonds over one-month T-bills is 2.13% per quarter in the data, which
corresponds to 8.53% per year. It is 5.37% per year above AAA Corporate bonds. The average EMBI
credit spread is 471 bps per year above U.S. Treasuries and 376 bps above AAA-rated corporates, also
significantly larger than the 162 bps of the simulations.?® The medians of excess returns and credit
spreads in the data are also larger, and their distributions more positively skewed, than those in the
simulations. However, the standard deviation of bond excess returns in the model closely matches the
data.

Hence, while the simulated economy successfully captures the level of default risk in the data, as
measured by the term structure of default probability, and the standard deviation of bond returns, it
cannot generate a risk compensation as large as what is observed in emerging bond markets. While
long-run macro risk significantly increases risk-premia and credit spreads compared to a canonical model
with short-run risk only, additional mechanisms generate excess returns in the data, as discussed in

Section 4.2.4.

20Credit spreads are lower in the model than in the data because model-implied spreads are for perpetual bonds while the
observed spreads are for finite maturity bonds. The term structure of spreads is severely negatively sloped when default
risk is high (Augustin, 2018). Yet, the difference in average credit spreads is probably too significant to be attributed to
such maturity mismatch effect only.
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E Additional empirical results

This Appendix presents additional empirical results.

E.1 Portfolio allocation and rebalancing

This section reports the country allocation and rebalancing frequency for the baseline double-sort pro-
cedure used in Panel A.l of Table 6. We refer to 'portfolio allocation’ as the fraction of time a country
belongs to each of the three portfolios conditional on being on the sample. 'Rebalancing frequency’
is the fraction of time a country switches portfolios conditional on being on the sample. Results in
Table A.6 show that countries have a dominant allocation, suggesting there are intrinsic, long-lasting
cross-country differences in terms of long-run macro risk. However, countries do shift portfolios over
the sample period, i.e., the portfolio constituents vary over time. On average, the average rebalancing
frequency across countries is 15%, which means that conditional on being on the sample, a country
switches portfolios once every 7 quarters. Each of the three portfolios of Panel A.l in Table 6 contains
9 countries on average, such that the HML portfolio has 18 countries at a time, and its composition

changes by approximately 3 countries every quarter.

Table A.6 [about here]

E.2 Regime identification based on economic turning points

This section provides additional evidence that bond excess returns vary in the cross-section with exposure
to shifts in macroeconomic regimes. The results here complement those in Section 5.3. While we
previously focused on a single event (the sudden worsening of the Global Financial Crisis in 2008:Q4),
we now expand the analysis to additional regime change events. We use the Harding and Pagan (2006)
procedure to define 'turning points’ in U.S. consumption growth and, as such, identify regime changes
based on realized consumption data.

The starting point of the Harding and Pagan (2006) methodology is a plot of the time series of annual
consumption growth, as illustrated in Figure A.2. The procedure seeks local maxima and minima on the
plot. During our sample period — starting in 1994:Q1 — there are seven turning points, identified by the
Peaks and Troughs on the plot. There are four Peaks and three Troughs in our sample, corresponding

to a total of seven regime changes.

Figure A.2 [about here]
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If market participants could recognize in real-time that Peaks are peaks, that is, consumption growth
will be declining in the following quarters, then sovereign bond excess returns should be negative during
Peak quarters, on average. Analogously, they should be positive during Trough quarters. Indeed, the
average bond excess return is -0.3% during the Peak quarters, but 7.4% during the Trough quarters.
Using the same rationale as in Section 5.3, countries whose bonds fall more when consumption switches
from High to Low growth (i.e., at Peaks), or increase more when consumption switches from Low to
High growth (i.e., at Troughs), are highly sensitive to regime shifts in the global economy. Our theory
predicts these countries are riskier and should have average excess returns over the entire sample.

To pool data from Peaks and Troughs, we define the signed returns variable Rg;gneq = R X 1, where
R is the sovereign bond return at a turning point quarter and 1 is an indicator function that equals —1 if
it is a Trough and +1 if it is a Peak. Under this definition, countries that are highly sensitive to regime
shifts will have relative low signed returns. For each country, we average Rgigneq across the 7 turning

points in our sample. Figure A.3 shows the results.
Figure A.3 [about here]

As in Figure 4 in the paper, there are four scatter plots, each of them corresponding to a different
time subsample and number of countries dictated by data availability. All four scatter plots display a
negative relationship between average quarterly excess returns and average signed returns. This result
confirms the model prediction that countries whose bonds are more sensitive to regime changes in global

consumption are riskier and thus offer a higher risk premium.
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Figure A.1: Sovereign risk premium by investor preferences.

This figure illustrates how the bond risk premium varies with investor preferences. Panel A reports
predictions for different levels of relative risk aversion, while Panel B reports predictions for different
levels of preference for time. Low, medium, and high risk aversion corresponds to v = 5, v = 10, and
v = 15, while low, medium, and high preference for time corresponds to = 0.03, 5 = 0.04, and
B = 0.05, respectively. The figure compares predictions when the current state s; is in recession (L)
or expansion (H). Bond risk premium is in basis points (bps) per annum. Unless otherwise specified,
we use the parameters of the baseline calibration (see Table 1) and report predictions for levels of
government revenue observed at issuance time (Y = 1).
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Turning points in U.S. consumption growth
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Figure A.2: Regime changes based on economic turning points.

This figure plots economic turning points, following the Harding and Pagan (2006)'s procedure to
determine regime changes in realized consumption data. The plot illustrates the identified local maxima
(peaks) and minima (troughs) of year-over-year U.S. consumption growth, expressed in percentage.
Data span the 1990:Q1-2018:Q2 period.
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(A) 1994:Q1-2018:Q2 (10 countries) (B) 1997:Q2-2018:Q2 (15 countries)
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Figure A.3: Average bond excess returns and economic turning points.

This figure plots average quarterly bond excess returns versus the exposure to economic turning points.
The exposure to turning points is computed, for each country, as the average signed return in the
turning points identified in Figure A.2. Average quarterly excess returns are calculated over four different
samples, each of them with a different number of countries with data available throughout the entire
the sample. Best fit lines are displayed. Data span the 1994:Q1-2018:Q2 period.
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Table A.2 : Leverage estimates for emerging economies.

The table reports estimates of the leverage parameter n for 10 countries. Leverage is computed as the
ratio of government revenue growth volatility to output growth volatility. The last rows report aggregate
equally and GDP-weighted descriptive statistics using each country’'s average GDP in constant U.S.
dollars, as well as the median. The Internet Appendix B.3 details the construction of the leverage
estimates. Data are from Datastream and the World Bank and span the 1994:Q1-2018:Q2 period.

Country Output growth volatility Government revenue Leverage

(%) growth volatility (%)

(A) (B) (B) / (A)
Bolivia 1.95 7.89 4.03
Brazil 2.42 8.14 3.37
Bulgaria 2.31 9.34 4.05
Chile 2.09 9.20 441
Colombia 1.32 8.89 6.73
India 2.54 8.45 3.33
Mexico 3.10 8.22 2.65
Philippines 1.76 6.46 3.68
Russia 3.05 14.82 4.86
South Africa 1.23 4.29 3.50
Average (equal-weighted) 2.18 8.57 4.06
Average (GDP-weighted) 2.55 9.61 3.80
Median 2.22 8.33 3.86
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Table A.3 : Conditional revenue growth moments.

The table reports estimates of the government revenue growth moments in the data (Panel A) and in
the model (Panel B). The first row reports aggregate equally-weighted conditional moments, while the
second row reports aggregate GDP-weighted conditional moments using each country's average GDP
in constant U.S. dollars. The data statistics are for the countries reported in Table A.2. Conditional
moments are computed with quarterly government revenue data and use business cycle dating estimated
with U.S. consumption data. The model-implied conditional revenue growth rates are based on Equation
(6), using the parameters reported in Table 1. Data are from Datastream and the World Bank and
span the 1994:Q1-2018:Q2 period.

Revenue growth rate (%) Revenue growth volatility (%)
Recession  Expansion Recession  Expansion

(A) (B) (B) - (A) (9 (D) (€) - (D)
Panel A: Data
Average (equal-weighted) -2.05 5.21 7.26 12.48 7.31 5.17
Average (GDP-weighted) -3.49 5.52 9.01 13.98 8.01 5.97
Panel B: Model
Average -3.92 5.09 9.01 22.65 14.47 8.18
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Table A.4 : Sovereign risk premium, price of risk, and investor preferences.

The table presents the model predictions for different preference parameters. Column A reports the bond
risk premium, Column B the credit spread, Column C the ratio of the risk-neutral default probability
(Q) over the physical default probability (P), and Column D the price of macro risk Agy. Panel A
reports predictions for the baseline calibration, Panel B reports predictions for different levels of relative
risk aversion ~y, while Panel C reports predictions for different levels of preference for time 5. Bond
risk premium and credit spread are in basis points (bps) per annum. Unless otherwise specified, we use
the baseline calibration parameters on Table 1 and report predictions for levels of government revenue
observed at issuance time (Y = 1).

Risk-neutral over

Bond risk Credit spread ) Price of macro
remium (bps) (bps) physical default risk (Ag)
P P P probability (Q/P) H
(A) (B) (©) (D)
Panel A: Baseline case
117 154 1.94 1.67
Panel B: Relative risk aversion
High (y = 15) 201 209 2.94 2.35
Low (y = 5) 47 117 1.31 1.25
Panel C: Preference for time
High (8 = 0.05) 112 158 2.02 1.70
Low (8 = 0.03) 122 146 1.86 1.65
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Table A.5 : Model simulation vs. data.

The table reports results of models simulations which are compared to the data over the 1994:Q1-
2018:Q2 period. We generate 500 artificial datasets consisting of 40 countries and 98 quarters each
using the parameters of the baseline calibration on Table 1. Panel A has the sovereign default probability
computed at the 1-, 5-, and 10-year horizons. The empirical counterparts are the cumulative default
rates for foreign-currency speculative-grade sovereign bonds from Standard and Poor’s (2020). Panel
B has bond pricing moments, averaged across simulations and the data. Bond excess returns are in
percentage points per year and credit spreads are basis points (bps) per year. The empirical sovereign
bond returns and credit spreads are from country-level JP Morgan EMBI Global indices for the countries
in Table 5. 'Raw’ denotes excess returns over one-month T-bills and credit spreads based off the U.S.
Treasury curve, while "AAA-adjusted’ denotes excess returns and credit spreads over the ICE BofA AAA
Corporate Bond index. Values in squared parentheses denote the 5th and 95th percentiles across the
500 artificial datasets. The Internet Appendix D explains the simulation procedure.

Panel A: Default probability at different horizons

1 year 5 years 10 years
(A) (B) (®)
Default rate (%)
Simulation 2.23 10.63 20.08
[1.53, 2.96] [7.42, 13.95] [14.29, 25.95]
Data 2.88 11.29 19.11
Panel B: Bond price moments
(A) (B) < (D) (E)
Mean Median Std. dev. 5th 95th
Bond excess return (%)
Simulation 1.90 1.70 17.97 -48.03 46.52
[1.28, 2.48] [1.45, 1.97] [16.24, 190.92]  [-56.48, -40.35]  [40.09, 54.15]
Data (raw) 8.53 7.11 18.82 -36.35 61.12
Data (AAA-adjusted) 5.36 3.20 18.24 -36.35 54.00
Credit spread (bps)
Simulation 162 112 175 36 459
[146, 181] [101, 125] [155, 194] [32, 40] [387, 535]
Data (raw) 471 323 535 90 1271
Data (AAA-adjusted) 376 234 518 16 1144
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