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1 Introduction

A growing empirical literature in international finance examines the structure of risk
in the cross section of currency returns (see, among others, Lustig and Verdelhan
2007, Lustig et al. 2014, and Della Corte et al. 2013). These studies sort currencies
on various criteria and highlight the empirical relevance of several economic and fi-
nancial factors. In this paper we provide novel empirical evidence in support of a
structural dynamic equilibrium model that can account for these factor structures
in the context of a news shocks—based asset-pricing model. According to our find-
ings, heterogenous exposure to global growth news shocks is a key driver of currency
riskiness, interest rates, and international lending positions in the cross section of

countries.

Specifically, we analyze an economy populated by multiple countries engaged in a
frictionless recursive risk-sharing scheme, in the spirit of Colacito and Croce (2013).
This model features long-run growth news shocks, which are directly priced by Ep-
stein and Zin (1989) recursive preferences. This setting is of particular interest given
its documented ability to account for several empirical regularities of the joint dynam-
ics of international asset prices and quantities in a two-country setting (see Colacito
2008, Colacito and Croce 2011, and Bansal and Shaliastovich 2013). We expand and

generalize this setting in at least two relevant directions.

In a first step, we explore risk-sharing features as we depart from a two-country/two-
good world by increasing the number of countries. We show that bilateral corre-
lations and exchange rate volatility may be misleading measures of risk-sharing.
Trade-weighted measures, in contrast, are more appropriate to capture the extent
of risk-sharing opportunities. Furthermore, we show that the ability of the Colacito

and Croce (2013) model to replicate the failure of the uncovered interest parity is



not sufficient to produce a risk premium in the cross section of interest-rate sorted

currencies. That is, the mean of the Lustig et al. (2011) HML-FX factor is zero.

In a second step, we introduce heterogenous exposure to growth news shocks in the
cross section of countries, in a way that is consistent with our novel empirical evi-
dence on the ten countries with the most-traded currencies (henceforth G-10 coun-
tries). Specifically, we model a very persistent stochastic heterogeneity in the ex-
posure of country-level endowments to long-run global growth news. The long-run
wealth distribution in this economy is well defined, since we are still adopting a sym-
metric calibration (see Colacito and Croce 2012). In finite samples, however, our coun-
tries feature substantial heterogeneity, consistent with the empirical investigation by
Lustig et al. (2011) and Hassan and Mano (2014). These heterogenous loadings are
a reduced-form way of capturing fundamental differences across countries, such as
size (Hassan 2013), commodity intensity (Ready et al. 2012), monetary policy rules
(Backus et al. 2010), and financial development (Maggiori 2011).

Under our benchmark calibration, we are able to produce an average HML annual
spread of about 3%, as large as the unconditional HML-FX in the data. This currency
risk premium originates from a positive correlation between the returns to carry-
trade and global long-run consumption news. When a negative long-run shock hits,
the carry trade yields a negative return, due to the appreciation of the funding cur-
rencies (i.e., the high-exposure countries). In good times, the carry trade earns a pos-
itive return due to the appreciation of the investment currencies (i.e., low-exposure

countries).

We also show that this setting can replicate the empirical distribution of currency-
portfolio betas on the HML factor. In addition, we document that, in our model,
sorting countries on interest rates is equivalent to sorting on net foreign asset posi-

tions and exposure to long-run global growth news. This suggests that the factors



proposed by Della Corte et al. (2013) and Lustig et al. (2011) may be the risk-sharing
outcome of a single fundamental source of heterogeneity, i.e., different exposure to

global long-run growth news.

To discipline our calibration, we use macroeconomic data from the ten most traded
currencies in the world. In our cross section of countries, the price-dividend ratio is a
statistically significant predictor of future growth rates of output. For this reason, in
each country we use the projection of the GDP growth rate onto lagged values of the
price-dividend ratio as our measure of long-run growth. We denote the innovations
to this estimated component as long-run growth news shocks, and show that they
have a sizeable impact on countries’ future growth prospects. We use the residual
of our predictive regressions as a measure of short-run growth shocks. In a second
step, we regress each country’s long-run risk on the cross-sectional average long-run
risk in our cross section of countries and view the estimated coefficients as a measure
of each country’s exposure to global long-run risk. We find a substantial degree of

heterogeneity in the estimated exposures.

In particular, countries like Australia and New Zealand, which are commonly fea-
tured in the long leg of carry-trade strategies, have very low exposures to global
long-run risk. In contrast, countries like Japan, which represents the typical fund-
ing currency in the carry trade, feature a substantially higher degree of exposure to
global long-run risk. Interestingly, we cannot identify any heterogeneity in terms of
the exposure to global short-run risk, implying that abstracting away from growth
news shocks would prevent us from identifying a key driver of the international het-

erogeneity.

Our theoretical explanation of the cross section of currency risk premia produces a
rich set of novel testable predictions. We document that sorting the average risk-free

rates, the volatility of exchange rates, and the first two moments of net foreign asset



positions with respect to the exposure to global long-run risks produces the same

patterns in the model and in the data.

In addition, we explore the time-series relation between the cross section of exposures
to global long-run risks and international capital flows. According to our model, when
a negative global shock materializes, the countries that are less exposed to global
shocks should provide insurance to the countries with a large degree of exposure to
global shocks. That is, countries with lower exposure to global long-run news should
experience a deterioration of their net foreign asset positions, whereas highly exposed

countries should retain a larger balance of net foreign assets.

We provide empirical support for this prediction by showing that Australia and New
Zealand experience a large drop (increase) in their net foreign asset positions, in times
of negative (positive) long-run global growth prospects. Countries on the other end of
the spectrum, such as Switzerland, experience a large inflow (outflow) of assets from
abroad, whenever global long-run growth prospects are weak (strong). Furthermore,
the currencies of large-exposure countries have the tendency to appreciate in bad
times relative to the currencies of low-exposure countries, a finding which is also

consistent with our model.

Our analysis helps to shed light on the connection between currency risk and country-
level characteristics related to international trade. On the one hand, we provide equi-
librium foundations to the reduced-form analysis of Lustig et al. (2011) and Farhi
et al. (2015). On the other hand, we reconcile currency risk factors with macroeco-
nomic fundamentals by analyzing directly the role of international asset positions
(Gourinchas and Rey 2007, Caballero et al. 2008, and Gourio et al. 2014). Further-
more, our benchmark model with heterogenous exposure to growth news is consistent
with Verdelhan (2015), as it enables global long-run shocks to contribute to bilateral

exchange rate variance.



Our study is also related to the growing body of literature that has investigated the
macroeconomic foundations of international financial markets’ fluctuations (see, inter
alia, Farhi and Gabaix 2008, Hassan 2013, Stathopoulos 2012, Heyerdahl-Larsen
2015, and Verdelhan 2010). Our empirical evidence on the 2008—2009 financial crisis
is related to the work on rare disasters (Barro 2006, Gabaix 2012, and Gourio 2012)
and its applications to international finance (see, for example, Gourio et al. 2014).
Although our attention is focused on a frictionless risk-sharing setting, we regard the
introduction of frictions in our model as an important direction for future research
in this area (see, for example, Gabaix and Maggiori 2015, Froot and Stein 1991, and
Farhi and Werning 2014).

In the next section we report our empirical evidence concerning the heterogenous
exposure to global long-run risk in G-10 countries. In section 3 we present our model
and our equilibrium conditions. In section 4 we discuss key implications of our model
for risk sharing and international variables of interest as we increase the number of
countries. Section 5 presents our results when we introduce heterogenous exposure

to global long-run growth news into the model, and section 6 concludes.

2 Empirical Analysis

Data sources. For our empirical work we focus on the set of G-10 currency countries:
Australia, Canada, Germany, Japan, Norway, New Zealand, Sweden, Switzerland,
the United Kingdom, and the United States. These countries have highly developed
economies with high levels of global financial integration and highly liquid currencies,
yet they still provide a rich set of cross-sectional empirical differences. We therefore
view them as an appropriate setting in which to test the predictions of our model,

which features heterogenous exposure to global risk in the presence of complete fi-



nancial markets.

Data on consumption and net exports are from the Organisation for Economic Co-
operation and Development (OECD). We use the volume index of the private final
consumption expenditure series as our consumption series, and the difference be-
tween the volume indices of exports of goods and services and imports of goods and
services as our net export series. In what follows, the variable AGD P, proxies for total
endowment growth and is computed as the growth in consumption plus net exports
for the entire cross section of countries that we use in our empirical investigation. We
exclude investment and government expenditure from our empirical measure to be
consistent with our endowment economy in which we abstract away from both physi-
cal investment and demand for public goods. Data on net foreign assets come from the
updated and extended version of the data set constructed by Lane and Milesi-Ferretti

(2007).!

Data on interest rates and inflation are also from the OECD. Real interest rates are
constructed using 3-month interbank rates from the OECD, adjusting for realized
inflation using the annual changes in CPI. Norwegian interest rates prior to 1979 are
obtained from Stats Norway. Swedish 3-month rates prior to 1982 are extrapolated
from overnight rates reported by the OECD and long-term rates reported by Statistics
Sweden. International price-dividend ratios are calculated using Kenneth French’s

cum- and ex-dividend country value-weighted dollar index returns.?

All exchange rate data are collected relative to the US dollar. Exchange rate data
for Australia, Canada, Japan, New Zealand, Norway, Sweden, Switzerland, and the
UK are obtained from the Board of Governors of the Federal Reserve. Exchange rate

data for Germany are obtained from the OECD. The sample period is 1971-2014. Real

1Data graciously provided on Philip Lane’s website: http:/www.philiplane.org/EWN.html.
2http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html



exchange rates are obtained by dividing by the relative CPI index of the corresponding

country.

Estimation procedure. We follow Colacito and Croce (2013) and Bansal et al. (2010)
in identifying short- and long-run innovations to GDP growth rates by means of pre-
dictive regressions. Specifically, we interpret the projection of AGDPF,; in each country
onto lagged values of that country’s price-dividend ratio as our measure of long-run
risk. A balanced panel of price-dividend ratios starts in 1987, so we use this sample
to estimate global risk exposure. The estimation of all the parameters of interest is

obtained from the following specification:

AGDP} = ¢-pd._,+o- gl (1)
~—
Short-Run Shock
Ty = Pu-Tp 1+ pe-0- it ,
~

Long-Run Shock

Vi € {G-10 countries} and where z! = ¢ - pd. is our measure of the long-run risk in
country i. We omit the intercepts because all variables are demeaned. Furthermore,
we pool the estimation of the parameters (¢, o, p,., ¢.) for parsimony. The system in (1)
is estimated using GMM, and standard errors take into account both serial and cross-

sectional correlation.

We report the results of our estimation in Panel A of Table 1. Several interesting
findings emerge. First, all estimated parameters are statistically significant, suggest-
ing the relevance of lagged price-dividend ratios as source of predictability for future
growth rates of macroeconomic variables. Second, the projection of GDP growth rate
on lagged price-dividend ratio is highly persistent, with an annual autocorrelation on
the order of 0.77. This implies that shocks to the price-dividend ratio are likely to
have long-lasting effects on the future dynamics of the growth rate of GDP. Third, the

shocks to the predictive component of GDP growth rate are small compared to the
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TABLE 1: Dynamics of Endowments and Predictive Components

Panel A: Estimation of Predictive Components

¢ Pz o Pe
Parameters 0.005*** 0.773*** 0.020*** 0.058***
(S.E.) (0.000) (0.006 ) (0.000) (0.001)

Panel B: Exposure to Global Endowment Risk
NZ AUS UK GER CAN NOR JPN SUI US SWE

By, 028 0.8 0.05 —0.12 0.14* 061 0.5 —011 —0.11 —0.16
SE) (0299) (0234) (0.164) (0.218) (0.085) (0.269) (0.269) (0.177) (0.104) (0.199)

Panel C: Exposure to Global Long-Run Risk
NZ AUS UK GER CAN NOR JPN SUI US SWE

B —0.51"** —0.44*** —0.08 —0.02 0.00 0.08 0.12 0.26* 0.27* 0.33**
(SE) (0.154) (0.064) (0.098) (0.094) (0.131) (0.173) (0.165) (0.130) (0.166) (0.148)
Chow [0.109]1 [0.245]1 [0.299] [0.841]1 [0.729] [0.506] [0.802] [0.667] [0.596] [0.385]

Notes - Panel A reports the estimation of the parameters of the endowment process reported
in equation (1). The numbers in parentheses are heteroskedasticity-adjusted standard er-
rors. The parameters are estimated using the longest available sample for each country, as
described in section 2. Panel B reports the estimation of the exposure of each country’s GDP
growth rate to the global GDP growth rate (see equation (2)). The sample is 1970-2013. The
numbers in parentheses are heteroskedasticity-adjusted standard errors. Panel C reports the
estimation of the exposure of each country’s predictive component of GDP to the global pre-
dictive component (see equation (3)). The sample is 1987-2013. The numbers in parentheses
are heteroskedasticity-adjusted standard errors. The numbers in square brackets are the p-
values associated to the null hypthesis that the estimated exposure in the first half of the
sample (1987-2000) is different from the estimated exposure in the second half of the sample
(2001-2013). In all panels, one, two, and three stars denote statistical significance at the 10%,
5%, and 1% levels, respectively.

magnitude of the short-run shocks, i.e., the parameter ¢, is on the order of 0.06. All
of these features of the data discipline the calibration of the model that we present in

the next sections.

Exposure to global risk. In Panel B of Table 1 we document the exposure of each
country’s endowment to a measure of global endowment risk. Specifically, we regress
each country’s GDP growth rate, AGD P}, on the average of all countries’ GDP growth

rates:

AGDP! = (1+84,)- <% ZAGDPZ) + ¢, Vi € {G10 countries}. (2)

=1



With the sole exception of Norway, we cannot reject the null hypothesis that all the
estimated coefficients in Panel B of Table 1 are equal to zero. Equivalently, looking at
global endowment growth does not generate any significant form of heterogeneity in

the cross section.

This conclusion is completely reversed when we focus on the exposure to global long-
run news. Specifically, we measure the loading of each country’s long-run risk on a
global measure of long-run risk by regressing each z} estimated in (1) on the average

of all z¥’s:
ai = (1+87) (l in) + ¢!, Vi€ {G-10 countries}. (3)
n
i=1

We estimate these coefficients using the longest common sample across all countries,
1987-2013, and report our results in Panel C of Table 1. We note that there is a
sizeable degree of dispersion in the estimated 3”’s, which range from —0.515 for New
Zealand to 0.333 for Sweden. Furthermore, the estimated coefficients are statistically
different from zero for the most extreme countries. In Panel B, we also report the
p-values associated with a Chow test for the null hypothesis that the 3”s are statisti-
cally different in the first and second halves of our sample. We always reject the null

at conventional confidence levels.

These findings motivate the theoretical analysis presented in the next section. We
show that modeling the presence of persistent and stable heterogeneity in the expo-
sure to global long-run risk in the cross section of countries reconciles several features

of currency risks.



3 The Economy

The economy consists of N countries, and N goods, {Xi}l.]i |- Agents’ preferences are

defined over consumption aggregates of the N goods as follows.

Consumption aggregate. Let xft denote the consumption of good j in country i at

date ¢. The consumption aggregates in the N countries are

Ci = () ) T ()~ 4)

JFi

[un

The parameter o € (0, 1) captures the degree of bias of the consumption of each repre-
sentative agent. In what follows we assume that each country i receives a stochastic
endowment of good X, at each point in time. Following some of the international
macrofinance articles surveyed by Lewis (2011), we assume that « is larger than 0.5.

This allows us to build consumption home bias into the model.

Preferences. As in Epstein and Zin (1989), agents’ preferences are recursive but

non-time-separable:

1-1/¢ | T=-1/%

Ui = [(1=0)- (Ci) M 4 6B, [(Uip1) ] T . Vie{l,...,N}. (5)

The coefficients v and {» measure the relative risk aversion (RRA) and the intertem-

poral elasticity of substitution (IES), respectively.

The main departure from the constant RRA case often analyzed in the literature
lies in the fact that our model’s preferences allow agents to be risk averse in future

utility as well as future consumption. The extent of such utility risk aversion depends
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on the preference for early resolution of uncertainty measured by v — 1/¢» > 0. To

better highlight this feature of the preferences, we note that the ordinally equivalent

transformation
U1*1/TZ}
‘/t — t
[ 14
can be approximated as follows:
Cl 1/v -
Vi = (1_5)1_1/w+5Et[Vt+1] (6)
M 5
~ (1—6)1_1/¢+6Et [‘/15_1_1] 2mVa7‘t [‘/H—l]?
where 0§ = 1= %Z Note that the sign of <7) depends on the sign of (v — 1/v).

When ~ = 1/v, the agent is utility-risk neutral and preferences collapse to the stan-
dard time-additive case. When the agent prefers early resolution of uncertainty, that
is, when v > 1/1, the coefficient 0 is positive: uncertainty about continuation util-
ity reduces welfare and generates an incentive to trade off future expected utility,
E;[Viyq)], for future utility risk, Var, [Vi41]. This mean-variance trade-off is an ap-
pealing feature of these preferences, and one that is absent when agents have stan-
dard time-additive preferences. This trade-off drives international allocations and
exchange rate adjustments in our economy, and it represents the most important el-
ement of our analysis. Our study is the first to fully characterize trade with Epstein
and Zin (1989) preferences in an economy composed by an arbitrary number of coun-

tries.

Since there is a one-to-one mapping between utility, U;;, and lifetime wealth, the
optimal risk-sharing scheme can also be interpreted in terms of mean-variance trade-
off of wealth. For this reason, in what follows we will use the terms “wealth” and

“continuation utility” interchangeably.
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Endowments. We choose to endow each country with a stochastic supply of its
most-preferred good. Endowments are cointegrated processes, and they feature pre-

dictive variables as follows:

N
, , , 1
log X| = pp +log Xy | + ziy1 — 7 [log X; 4 — N log <Z Xi,t> + efft (7
j=1

where 7 € (0, 1) determines the extent of cointegration, and the processes z; are mod-

eled as highly persistent AR(1) processes,
Z@t = pizi,tfl —FEZ-Z,t,Vi c {1,2,,N} (8)

Throughout the paper, we refer to ¢}, as the long-run shocks, due to their long-lasting
impact on the growth rates of the endowments. Similarly, we call 52{2 short-run shocks.
Shocks are jointly log-normal. We abstract from exogenous time-varying volatility in
endowments to better quantify the amount of endogenous consumption and asset-
price volatility generated by our recursive risk-sharing mechanism with complete

markets.

Heterogenous exposure. Consistent with our empirical investigation, we intro-
duce cross-country variation in the exposure to global long-run endowment shocks,

7+~ Since long-run shocks are the primary driver of our risk-sharing mechanism, this
modeling choice produces no loss of generality. Specifically, in each country we decom-
pose our long-run shocks (¢7,) into a common global component and a country-specific

component as follows:

5z‘z,t =1+ 5iz,t—l)€;lobal,t +e s

12



with the shocks to the two components being orthogonal to each other:
COTT (€] 10pa1,0: €5) = COTT(€f, €7,) = 0.

The volatilities of €, , and €, are set to replicate both the unconditional standard
deviation and correlation of the long-run shocks, €7, described in the previous section.

Country-specific sensitivity coefficients are modeled as a slowly moving AR(1) process,
iz,t = P? iz,tfl + Q“if

with ef 7 ~ i.4.d.N(0,05.). These shocks are both very long-lived (o’ ~ 1) and un-
correlated to other shocks, as they are meant to approximate nearly unconditional
differences in the exposure of countries to global news. Countries with high 7, have
relatively more risky endowments, in the sense that their local growth processes are

more exposed to shocks to global long-run growth.

Our way to model country-specific exposure to shocks produces a twofold benefit. First
of all, it enables us to study an economy with ex ante symmetrically calibrated coun-
tries for which a well-defined equilibrium exists (Colacito and Croce 2012). Second,
after simulating a history of heterogenous exposure shocks (65 1), we are able to study
the characteristics of a cross section of countries that remain substantially heteroge-
nous in finite samples. We think of the 37, coefficients as devices to capture the hetero-
geneity documented by Lustig et al. (2011), Backus et al. (2010), Ready et al. (2012),

and Hassan and Mano (2014) in a parsimonious, reduced-form manner.

Market structure. At each date, agents trade a complete set of state-contingent
one-period-ahead claims to the numeraire good. Without loss of generality, we choose

good 1 as our numeraire. Since both financial and goods markets are assumed to be

13



frictionless, the budget constraint of our agents can be written as
N .
ij,t‘fit + / A (€M) Qe (¢ = Aiy + pin Xy, 9)
1 ct+1

where p;; denotes the price of good i relative to that of good one, A,,(¢") denotes
country i’s claims to time ¢ consumption of good X, and Q;,(¢'™!) gives the price of
one unit of time ¢ + 1 consumption of good X, contingent on the realization of (**! at
time ¢+ 1. In equilibrium, the market for international state-contingent claims clears,

implying that ), A;, = 0, Vt.

Allocations. Since markets are complete, we can compute efficient allocations by

solving the associated Pareto problem. The planner attaches date 0 nonnegative

“+00

Pareto weights {;;}.. , to the consumers and chooses the sequence of allocations {xit}t: o’

Viand j € {1,..., N} to maximize

N

A= Zﬂi Ui,

i=1

subject to the following sequence of economy-wide feasibility constraints:
N .
Sal, = Xy, V20 and Vi€ {l,..,N},
j=1

where the state-dependent notation is omitted for the sake of clarity. In charac-
terizing the equilibrium, we follow Anderson (2005) and Colacito and Croce (2013)
and formulate the problem using the ratio of time-varying pseudo-Pareto weights,
S;+ = 14t/ 11+, as an additional state variable. This technique enables us to take into

account the nonseparability of the utility functions. We show in Appendix 6 that the

14



first-order necessary conditions imply the following allocations:

-1
. l—« S‘t .
S (I M x,, Vie{l,2,...N 10
Ty < +04(N_1);Si,t> o Vied } (10)
e s Nom DR AR UL B
where
M;, C't/c'tl)
Sip =84 g —2 . =L . Vt>1 11
a Pt M, 4 (Cl,t/cl,tl - ()

and S;o = 1, as we start the economy from an identical allocation of wealth and
endowments. This is consistent with the ergodic distribution of the model, which
implies that on average all countries consume an identical share of world resources

because of symmetry.

Prices. The stochastic discount factor that is used to discount future uncertain pay-

offs is
1/p—~

. 1—y 1—v
C; t+1) v Ui 1
M1 =0 ’ — ) (12)
41 ( Cis <Et [Uit;’l}

Since markets are assumed to be complete, the log growth rate of the real exchange

rate between the consumption bundles of countries i and j is

Aeg,t = log M;, —log M. (13)
271
and the relative price of good j and good 11is p;; = ﬁ((l]\?ﬂ) .
Js

t

Bilateral imports and exports. At each point in time, the exports of country 1

toward country j are equal to £X Plj’t = x},t, and the imports of country 1 from country
j are equal to I M Pf,t = pj7tx{,t, where ], p;;, and .CE]Lt are defined above. It follows that

the bilateral volume of trade and the bilateral net exports rescaled by total output are

15



equal to

Voli, _ (1-a)-(1+85) (14)
X a(N-1)+(1-a) Zj;ﬁl Sg

and
X aN=1)+(1—-a)X,, S

respectively. Detailed derivations are reported in the Appendix.

3.1 Calibration and Solution Method

We detail our baseline monthly calibration in Table 2. We choose a monthly frequency
to be consistent with the empirical methods adopted in the carry-trade literature.
When possible, our parameters are chosen to be the monthly counterpart of our an-

nual estimates.

All preference parameters are set in the spirit of the long-run risk literature (see
Bansal and Yaron 2004, Bansal et al. 2010, and Colacito and Croce 2013). The pa-
rameters governing the dynamics of the growth rates of the endowments are chosen
to reflect an average annual growth rate of 2%, an unconditional volatility of 2%, and
a modest degree of autocorrelation. These moments are set to be consistent with the

median values in our data set and are discussed further in the next section.

We choose to calibrate the cross-country correlation of the short-run shocks to a low
level, so that the model is consistent with the moderate cross-country correlation
of consumption growth rates across major industrialized countries. Under the bench-
mark calibration with heterogenous exposure, this correlation is set to 0.40, a number

that falls in the middle of the correlation range estimated among our ten countries.
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When we consider the special setting without heterogenous exposure, we set this pa-
rameter to a slightly smaller number, 0.20, to prevent the consumption profiles from
being excessively correlated. Both parameter values are consistent with other studies

in the international macroeconomics literature.

We set the cross-country correlation of the long-run components to 0.93, as the growth
rates of major countries are highly correlated over the long horizon (see, among oth-
ers, Colacito and Croce 2011). This finding holds also in our data, as our results show
that the correlation of our long-run components can be as high as 0.95. Both the
amount of long-run risk (¢, /o) and the persistence of the long-run components (p) are

consistent with the empirical estimates reported in Table 1.

We set p? = .999 to create nearly permanent heterogeneity in exposure to world output
shocks. We choose 05, = 0.05% to obtain a very moderate conditional volatility of our
exposure parameters. Consistent with our empirical results, in the short sample the

time-variation of our exposure coefficients is statistically undetectable.

Given these parameters, we use perturbation methods to solve our system of equa-
tions. We compute an approximation of the third order of our policy functions using
the dynare++ package. As documented in Colacito and Croce (2012, 2013), a third-
order approximation is required to capture endogenous time-varying volatility due to
the adjustments of the pseudo-Pareto weights. All variables included in our dynare++

code are expressed in log-units.
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TABLE 2: Calibration

Description Values

Preferences:

Relative Risk Aversion [+] 6.50

Intertemporal Elasticity of Substitution [v] 1.60

Subjective Discount Factor [§%] 0.98

Degree of Home Bias [«] 0.98

Endowments:

Mean of Endowment Growth (%) [12u] 2.00

Short-Run Risk Volatility (%) [ov/12] 1.87

Long-Run Risk Volatility (%) [0, /0] 6.00

Long-Run Risk Autocorrelation (%) [p*?] 0.78

Cross-Correlations of Long-Run Shocks [p.] 0.93

Exposure

Homogenous Heterogenous

Cross-Correlations of Short-Run Shocks [px] 0.20 0.40

Orthogonalization:

Volatility of Global Long-Run Shocks (%) [o¢/°* /o] - 5.80

Volatility of Local Long-Run Shocks (%) [0/ /o] - 1.60

Time-Varying Exposure:

Autocorrelation of 57, [(p7)"*] - 0.99

Volatility of Shocks to 37, (%) [0 .] - 0.05

Notes - This table reports our benchmark monthly calibration. Under the homogeneous expo-
sure case, Bit =1 ViVt

4 Homogeneous Exposure: Inspecting the Mecha-

nism

In this section, we explore the basic properties of a recursive risk-sharing scheme
with multiple countries with homogeneous exposure to endowment shocks. We show
that in terms of allocation dynamics, a multicountry economy preserves the basic suc-
cess of a two-country setting. In terms of risk-sharing measurements, in contrast, we
highlight several relevant differences. Most importantly, we show that a recursive

risk-sharing scheme cannot produce the observed returns of a carry-trade strategy,
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FI1G. 1 - Impulse response functions under homogeneous exposure. The left
(right) panels report the response of endowment growth (Alog X*?), relative Pareto weights
(log S;j/S1), consumption growth (Ac;), exchange rate growth (Ae}), stochastic discount factors
(m;), and net foreign assets (A;/X;) to a one-standard-deviation short-run (long-run) shock to
the endowment of country 1 only. All panels refer to the case in which the economy consists
of 5 countries (i = 1, ...,5). The exchange rate is measured with respect to country 3, implying
that Ae < 0 for country 1 denotes a depreciation of its real exchange rate with respect to
country 3.

even though it endogenously accounts for the forward premium anomaly. This limita-

tion is resolved once we introduce heterogenous exposure to global long-run shocks.

Response to shocks. In Figure 1 we report the response of some variables of in-
terest to short- and long-run shocks. For the sake of the exposition we consider the
case in which country 1 receives a positive local shock. That is, country 1 receives

a positive shock (panels labeled Ax), whereas the remaining countries experience no
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change in their endowment. Since all countries share the same calibration, both the
endowments and the pseudo-Pareto weight dynamics of countries 2-5 are identical.
Because of our symmetric calibration, in this section we denote country 1 as the home

country and refer to the remaining countries as the foreign countries.

The risk-sharing arrangement in this economy prescribes that in response to both
a positive short- and long-run shock to the home country, the foreign countries ex-
perience an equal increase of their share of world consumption (panels labeled s).
Specifically, upon the arrival of a positive endowment shock, the marginal utility of
country 1 declines substantially because of home bias. In order to re-establish the
equality of marginal utilities across countries, goods are reallocated toward the for-
eign countries. In both cases the real exchange rate of country 1 depreciates because
of the larger current (expected) supply of the domestic good associated with a positive

short-run (long-run) shock (panels labeled Ae).

The panels of Figure 1 labeled Ac document a different response of consumption
growth rates with respect to short- and long-run shocks. When a positive short-run
shock materializes, consumption increases in the entire cross section of countries, as
only part of country 1’s additional resources are being redistributed abroad. In re-
sponse to positive long-run news, in contrast, consumption drops in the home country
as the risk-sharing redistribution effect dominates. The foreign countries experience
a positive growth rate of consumption which is required to equalize their marginal

utilities to that of the home country.

This differential response of consumption to short- and long-run endowment shocks
results in the spread between country 1’s and other the countries’ consumption being
positive in one case and negative in the other. Since country 1’s exchange rate de-
preciates in response to both types of shocks, the model produces a less-than-perfect

correlation between currency movements and consumption differentials, as in the
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data (Backus and Smith 1993) and as already shown by Colacito and Croce (2013).

The last two panels in Figure 1 report the response of the net foreign assets (hence-
forth NFA) to the two types of shock. The country that receives either a positive
short- or long-run shock acts as insurance provider to the other countries. As a conse-
quence, it experiences a drop in its NFA. This negative link between NFA and positive
exogenous shocks induced by our risk-sharing motive plays a crucial role in the next

sections, i.e., once we account for heterogeneity.

Simulated moments. In Table 3 we report the results of our analysis. Specifically,
we analyze how several moments of interest change as the number of countries in the
economy (/NC') increases from 2 to 5. We obtain several relevant results as the number

of countries increases.

First, country-level consumption volatility decreases. This is a direct reflection of
the better risk-sharing opportunities that are available in a multicountry economy.
A similar argument can be used to explain the decline in the volatility of both the
pseudo-Pareto weights and the net-exports-to-output ratio. Second, the bilateral cor-
relations of both consumption growth rates and stochastic discount factors decline.
Under complete markets, less-correlated discount factors immediately imply more
volatile bilateral exchange rates. At a country level, hence, better risk-sharing op-
portunities are not necessarily accompanied by higher correlations of consumption

profiles and smoother exchange rates (Brandt et al. 2006).

Third, international correlations and exchange rate volatility are very sensitive to the
trade dynamics arising from our recursive risk sharing. We construct trade-weighted
variables by weighting each country’s stochastic discount factor and exchange rate in

proportion to its volume of trade with country 1 (see equation (14)). As documented in
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TABLE 3: Simulated Moments with Homogeneous Exposure

NC =2 NC =3 NC =14 NC =5
Std(Ay) 1.94 1.94 1.94 1.93
ACF, (Ay) 0.07 0.07 0.07 0.06
corr(Ay!, Ayl) 0.25 0.25 0.25 0.24
Single-Country Moments
Std(Ac) 1.78 1.75 1.74 1.72
ACF, (Ac) 0.07 0.07 0.07 0.06
Bilateral Moments
corr(Act,Acl) 0.49 0.43 0.4 0.38
Std Ae 14 15.14 15.47 15.72
corr(m, m’) 0.94 0.93 0.93 0.93
corr(Ac" — Acf, Ae) 0.31 0.42 0.45 0.47
Std[NX/X] 2.04 1.80 1.80 1.80
Stdlu/ " ul 21.25 17.42 14.65 12.34
Trade-Weighted Moments
Std Ae® 14 13.80 13.52 13.37
corr(m, m®) 0.94 0.95 0.95 0.95
corr(ral, ra) 0.48 0.56 0.59 0.61
Financial Variables
Elr/] 2.29 2.36 2.32 2.34
Stdlr ;] 0.31 0.32 0.31 0.30
corr(r®, r}) 0.93 0.93 0.92 0.92
Std[ M1 /E[M] 41.64 41.40 41.28 41.28
Std[ M1 /E[M] 40.41 40.46 41.35 42.01
Std[NFA/X1/Std(Ay) 13.08 12.15 12.09 12.47
corr(rz, ral) 0.48 0.48 0.48 0.47
Burp -4.51 -5.75 -5.27 -5.35
E[HML] n.a. 0 0 0

Notes - The table reports annualized simulated moments from the model with homogeneous
exposure as the number of countries in the economy (NC) ranges from 2 to 5. All parameters
are set to their benchmark values reported in Table 2. The first panel reports the moments
for the dynamics of exogenous endowments’ growth rates. The panel labeled “Single-Country
Moments” reports the moments of the consumption growth rate within each country. The
panel labeled “Bilateral Moments” reports the cross-country moments for each country pair.
The panel labeled “Trade-Weighted Moments” reports the moments for the case in which
each foreign country is weighted in proportion to its volume of trade with country 1. The
panel labeled “Financial Variables” reports the moments for the risk-free rates (r¢), stochastic
discount factors (M), net foreign assets to output (IVF A), excess returns (rz), slope coefficient
of the UIP regressions (8yp), and average currency risk premium (E[HML]).
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the panel labeled “Trade-Weighted Moments,” when the number of countries rises the
trade-weighted correlation of stochastic discount factors increases, in contrast to what
is obtained for bilateral correlations. The intuition for this result is that correlations
tend to be larger between countries that are major trading partners. By no-arbitrage,
a higher correlation between the home country and the trade-weighted rest of the

world results in a smoother exchange rate.

For completeness, we report moments related to other key financial variables usu-
ally studied in international macrofinance. Our model produces a low and smooth
risk-free rate and a sizable volatility of the stochastic discount factor. Across coun-
tries, the risk-free rates are as highly correlated as the stochastic discount factors.
Furthermore, the volatility of the net foreign asset position in each country is consis-
tent with the data, since recursive preferences and long-run risks make the valuation
channel as strong as in the data (see Gourinchas and Rey 2013 and Colacito and
Croce 2013). The model can also account for the almost complete lack of correlation
between consumption growth differentials and exchange rate fluctuations (cf. Backus
and Smith 1993 puzzle). This is the result of the opposite response of consumption

growth differentials to short- and long-run shocks.

We conclude our quantitative analysis by noting that the ability of the model to pro-
duce a negative slope of the uncovered interest rate parity regressions (5;;p) does not
automatically produce a positive risk premium in the cross section of risk-free rate—
sorted currencies (E[HML]). This finding is consistent with the analysis of Lustig
et al. (2011) and Hassan and Mano (2014). In section 5, we propose a model with
persistent heterogeneity in the exposure of countries to long-run shocks that simul-
taneously accounts for both the forward premium anomaly and the risk premium

observed in the cross section of currencies (carry trade).
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CRRA case. In Table 4 we report some moments of interest for the special case of
constant relative risk aversion preferences (henceforth CRRA). This case is obtained
by imposing that the IES (1) equals the inverse of the RRA coefficient (7). Specifically,

we set ¢» = 1/6.5, and keep all other values to their benchmark values.

This experiment highlights three relevant results. First, in a world with multiple
goods and time-additive preferences, the volatility of the bilateral real exchange rate

is still a misleading indicator of risk sharing, as in the case of recursive preferences.

Second, since growth news shocks are not priced, the risk-sharing motives are solely
driven by short-run risk. As a result, the long-run risk-sharing opportunities that
arise with an increasing number of countries play no role in the determination of S/,
and the consumption growth rates are predominantly driven by the properties of the
exogenous short-run shocks. Since short-run shocks are poorly correlated interna-
tionally, as NC increases, the consumption bundle of each country features a larger
number of goods with low correlations. By construction, a trade-weighted measure of
the cross-country correlation of the discount factors reproduces the same pattern of

the bilateral correlation, in contrast to what is seen with recursive preferences.

Summarizing, in an economy in which growth news shocks are not priced, the risk-
sharing measures proposed by Brandt et al. (2006) may be misleading, regardless of
whether they are bilateral or trade weighted. In an economy in which news shocks
are priced, in contrast, cross-country correlations are directly related to trade volume,

and hence trade-weighted measures of risk sharing may be more accurate.

Last but not least, we note that, absent trading motives associated with long-run

news, well-known anomalies continue to be present even in our multicountry setting.
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TABLE 4: Simulated Moments (CRRA case)

NC =2 NC =3 NC =4 NC =5
Risk-sharing measures
Std Ae 10.21 11.15 11.5 11.7
corr(m, m’) 0.59 0.49 0.45 0.42
corr(m, m™) 0.59 0.56 0.56 0.55
Anomalies
corr(Ac® — Acf, Ae) 1 1 1 1
Burp 1.00 0.94 0.99 0.99
E[HML] n.a. 0 0 0

Notes - The table reports simulated annualized moments as the number of countries in the
economy (NC) ranges from 2 to 5. All parameters are set to their benchmark values reported
in Table 2 except for v = 1/6.5 (the CRRA case). The average correlation of the stochastic
discount factors across country pairs is denoted as corr(m, m/). The correlation of the country
1 stochastic discount factor with the volume of the trade-weighted stochastic discount factors
of the remaining countries is denoted by corr(im, m™).

5 Heterogenous Exposure: The Cross Section of Cur-

rency Risk Premia

The endogenous dynamics of global wealth produced by our recursive risk-sharing
scheme rationalizes the failure of the uncovered interest rate parity, but it is unable
to produce a risk premium in the cross section of interest rate—sorted currencies. In
this section, we show that accounting for persistent heterogeneity in the exposure to
world shocks can produce sizeable cross-sectional currency premia. Furthermore, our
model produces equivalent results when sorting countries on (i) nearly permanent
heterogenous exposure to endowment shocks (Lustig et al. 2011, Hassan and Mano
2014), (ii) net foreign asset positions (Della Corte et al. 2013), or (iii) the level of their
risk-free rate (Lustig et al. 2011).
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5.1 The role of global shocks

Conditional heterogeneity. We introduce time variation in the exposure of our
five countries and initialize our economy so that country 1 has an exposure of 0.65
and country 5 has an exposure of -0.65, a plausible range given our results from
Panel B of Table 1. All other countries have an exposure coefficient equally spaced in

this range.

In order to reach this cross section of exposure values, we create a burn-in simulation
period in which we give a sequence of positive (negative) exposure shocks to countries
1 and 2 (4 and 5), and no exposure shock to country 3. All results presented in this
section are obtained from repetitions of small samples with a number of monthly
periods consistent with the empirical data set. All repetitions start from the same

initial cross section of exposure coefficients.

In our setting, all countries are risk averse and buy insurance against shocks that
increase their exposure to long-run world growth news. Along our burn-in simula-
tion path, country 1 is by construction the country that experiences the most adverse
sequence of exposure shocks. As a result of its financial portfolio allocation strategy,
this country accumulates wealth against the rest of the world, i.e., it acquires a pos-
itive net foreign asset position. Furthermore, high risk exposure induces stronger
precautionary saving motives, and hence it lowers the interest rate. As a result, in
our simulated samples country 1 is a net lender with a low risk-free rate, whereas
country 5 is a net borrower with a high interest rate (Della Corte et al. 2013). From a
qualitative point of view, no additional financial frictions are required to obtain this

sorting.

In what follows, we think of countries 1 and 5 as Japan and Australia, respectively.

These countries are representative of the two legs of the carry trade. By construction,
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FIG. 2 - Impulse response functions under heterogenous exposure. The left (right)
panels report the response of endowment growth (A log X*), relative Pareto weights with re-
spect to country 3 (log S;/S3), consumption growth (Ac;), exchange rate growth (Ae}), stochas-
tic discount factors (m;), and net foreign assets (4;/X;) to a one-standard-deviation short-run
(long-run) global shock. All panels refer to the case in which the economy consists of 5 coun-
tries (i = 1,...,5). The exchange rate is measured with respect to country 3, implying that
Ae < 0 for country 1 denotes a depreciation of its real exchange rate with respect to country
3. Country 1 (5) is initialized with an exposure to long-run shocks of 0.65 (-0.65).

country 3 represents the median country.

Response to global shocks. In Figure 2 we show the impulse response of our
variables of interest for countries 1 and 5 with respect to global shocks. These impulse
responses are created after our burn-in simulation sample, i.e., at time zero, country

1 has an exposure of +0.65, whereas country 5 has an exposure of -0.65.
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With respect to global short-run shocks, both the consumption growth rate and stochas-
tic discount factor adjust within each country as they would in a one-country econ-
omy. Since the exposure to global short-run shocks is the same for all countries, these
shocks produce no international reallocation of resources. As a result, exchange rates
do not move, and hence they feature zero exposure to global short-run risk. On this
dimension the model is similar to many canonical models of exchange rates featuring
symmetric countries and local shocks (e.g. Obstfeld and Rogoff 1995). As in the previ-
ous section, short-run global risk prescribes a null average return to the carry-trade

strategy.

In contrast to short-run shocks, global long-run news shocks promote relevant inter-
national reallocations and generate currency risk. Specifically, upon the arrival of
good news, the most exposed country (country 1) gets better relative news and fea-
tures the lowest marginal utility. This adjustment causes two effects. First, by risk
sharing, the net foreign asset position of country 1 deteriorates. In the next section,
we show that the direction of these responses is consistent with that observed in our
data set before and after the 2008 financial crisis. Second, by no arbitrage, the real
exchange rate of country 1 immediately depreciates, whereas the opposite is true for
country 5. Since all countries experience a drop in the marginal utility, the HML-FX
carry-trade strategy (going long in country 5 and short in country 1) is risky, as it

pays high excess returns in good states of the world.

To better explain this result, in Figure 3 we report key characteristics of our countries.
The top panel shows the country-specific exposure to global output shocks, as defined
in equation (2). Consistent with our empirical findings, our countries have similar
exposure to global output growth shocks since by construction their exposure to short-
run shocks is constant in the cross section. The second panel shows our distribution

of long-run risk exposure coefficients (1 + 37), i.e., our main driver of cross-sectional
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FIG. 3 - Cross-Sectional Risk (EZ Case). The top panel shows the the exposure of our
five countries to global output (1+ﬁiAy) as defined in equation (2). The second panel depicts
their exposure to the global long-run component (1+37). The bottom four panels show the
cross-sectional characteristics of four portfolios formed by sorting our countries each period
on their lagged interest rate differential with respect to a fixed numeraire country (country
3). All the parameters are calibrated to the monthly values reported in Table 2. Statistics are

the averages across 300 simulations of 250 monthly observations.

heterogeneity.

The remaining panels refer to four currency portfolios created as follows. Without
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loss of generality, we select the median country (country 3) as numeraire and focus
on the remaining four bilateral exchange rates to form four currency portfolios sorted
on interest rate differentials, i, — i3, with j # 3. The portfolio formation allows for
frequent rebalancing, but due to the persistent differences in exposure to global long-
run risk the transition of countries across different portfolios is infrequent. That is,
portfolio 4 almost always corresponds to country 5, whereas portfolio 1 coincides with

the riskiest country, i.e., country 1.

As already pointed out, because of precautionary saving motives there is an inverse
relationship between a country’s exposure to global long-run news and the average
level of its own risk-free rate (Panel 3 of Figure 3). The high endowment-beta coun-
tries have low currency betas, i.e., their currencies depreciate in global good times,
consistent with the impulse response of the country 1 exchange rate (Panel 4). This
mechanism is sufficient to generate a cross section of loadings on currency returns
to the HML-FX factor that is consistent with the data (Panel 5). The implied aver-
age currency returns have an annual spread of about 3% (bottom panel), consistent
with the estimated unconditional HML-FX of Lustig et al. (2011). Given the absence
of country turnover across portfolios, the unconditional HML-FX is the appropriate

empirical counterpart of our currency risk premium.

The role of heterogeneity for median moments. In Table 5, we report simu-
lated moments from our model with and without heterogenous exposure and recur-
sive preferences. In all cases, we report median values from our cross section of 5
countries. In the absence of heterogenous exposure (first column), the moments are

identical to those obtained in the last column of Table 3.

All moments remain basically unchanged across columns, implying that the introduc-

tion of heterogenous exposure does not undermine the basic successes of our model.
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TABLE 5: Simulated Moments with Heterogenous Exposure

Homog. Heterog.
EZ EZ CRRA

Std(Ay) 1.93 1.95 1.95
ACF,(Ay) 0.06 0.08 0.08
corr(Ay!, Ayl) 0.24 0.40 0.40

Single-Country Moments
Std(Ac) 1.72 1.96 1.74
ACF; (Ac) 0.06 0.09 0.10

Bilateral Moments
corr(Act,Acl) 0.38 0.38 0.59
Std Ae 15.72 17.01 10.07
corr(m, m’) 0.93 0.85 0.59

Financial Variables
E[r/] 2.34 2.13 11.79
Std[r] 0.31 0.33 3.39
corr(rf, 1) 0.92 0.71 0.89
Std[VFA/X1/Std(Ay) 12.47 25.76 10.29
Burp -5.35 -5.32 0.98
E[HML] 0 3.01 0.13

Notes - The table reports annualized simulated moments from the model with both heterogen-
uos and homogeneous exposure. All parameters are set to their benchmark values reported
in Table 2. For the CRRA case, we set v = 1/6.5. The first panel reports the moments for the
dynamics of exogenous endowments’ growth rates. The panel labeled “Single-Country Mo-
ments” reports the moments of the consumption growth rate within each country. The panel
labeled “Bilateral Moments” reports the cross-country moments for each country pair. The
panel labeled “Trade-Weighted Moments” reports the moments for the case in which each
foreign country is weighted in proportion to its volume of trade with country 1. The panel
labeled “Financial Variables” reports the moments for the risk-free rates (rs), stochastic dis-
count factors (M), net foreign assets to output (IVF A), excess returns (rx), slope coefficient of
the UIP regressions (8y;p), and average currency risk premium (E[HML]).

We highlight just three differences. First, this configuration of the model is able to
replicate both the forward premium anomaly and the unconditional HML observed in

the data.

Second, heterogeneity introduces more cross-country variation in the exposure to
shocks and hence reduces the correlation of the stochastic discount factors. As a

result, the volatility of the bilateral exchange rate of the median country is slightly
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higher than that obtained under homogeneous exposure.

Lastly, heterogeneity increases the risk-sharing motives and makes the adjustment
of the net foreign asset positions more severe. This explains why with recursive pref-
erences the volatility of the net foreign position almost doubles. We regard this result
as a success, as it would be easily reduced by the introduction of realistic trading

frictions, such as shipping costs (see, among others, Ready et al. 2012).

The role of preferences. Since in the next section we study in detail the cross-
sectional properties of our model, we conclude this part of our analysis by showing
the results for the special case in which we set IES = 1/RRA = 1/6.5, i.e., the CRRA
configuration. Figure 4 and the last column of Table 5 document that a number of

counterfactual results arise in this particular setup.

First, we compute measures of consumption exposure to both global output growth
shocks and long-run shocks. Since long-run news shocks are not directly priced and
produce no immediate movements in the marginal utilities of our countries, there is
no significant reallocation. As a result, the consumption growth betas with respect
to long-run news are zero across all countries, even though their endowment growth

exposures continue to be heterogenous.

Second, the amount of financial trade in the economy is much more limited than be-
fore, as documented by (i) the counterfactually moderate spread in the average net
foreign asset positions of our five countries (left column, bottom panel), and (ii) the
reduced volatility of the net foreign asset positions. Furthermore, with this particu-
larly low value of the IES, the risk-free rates are too high (Weil 1989) and basically
constant across countries (left column, second panel from the bottom). As a conse-
quence, the average returns on currency portfolios sorted according to interest rate

differentials have an irregular pattern. The same statements apply to the exposure of

32



Endowment Beta w.r.t Global Output
1.5 T T T

0.5

1 2 3 4 5

LR Endowment

2 T
0

1 2 3 4 5

Consumption Beta w.r.t Global Output
15 - - : : :

0.5

1 2 3 4 5

Consumption Beta w.r.t Global LR Shock
20 T T T : :

0

-20 : : : :
1 2 3 4 5
Mean Interest Rates (Annual %)

1 2 3 4 5

Mean NFA/Y (%)

100 F ]
0 _—
-100 t

FIG. 4 - Cross-Sectional Risk (CRRA Case). The panels on the left show the cross-
sectional characteristics of five countries sorted on their exposure to the global long-run shock
(1 + 7). The panels on the right show the cross-sectional characteristics of four portfolios
formed by sorting our countries each period on their lagged interest rate differential with
respect to a fixed numeraire country. All the parameters are calibrated to the monthly val-
ues reported in Table 2, except the IES, which is set to 1/6.5, the inverse of the risk aversion
coefficient. Statistics are the averages across 100 simulations of short samples (360 monthly

observations).
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currency portfolio returns with respect to both global long-run shocks and the HML

factor.

Summarizing, long-run global growth news shocks can be an important driver of mul-
tiple phenomena in the cross section of currency, provided that agents price them
directly. Epstein and Zin (1989) preferences enable news shocks to be priced and
generate a recursive risk-sharing scheme that can explain key features of trade and
international asset prices both at a country-pair level and in the cross section of coun-
tries. In the next section, we propose evidence supporting a number of implications of
our frictionless model. In several relevant dimensions, the quantitative performance

of the model is surprisingly close to the data.

5.2 Evidence of qualitative predictions of the model

In this section, we provide direct empirical evidence supporting the implications of
our model for risk-free rates, net foreign asset positions, and exchange rates. Figure 5
highlights our main findings. In each panel, we report the data values for the cross
section of countries that we employ in our empirical investigation (dots), a linear or

quadratic fit of the data (dashed lines), and the model’s predictions (thick lines).

The top left panel of Figure 5 documents that average risk-free rates are decreasing
in the degree of exposure to global long-run risk, consistent with the precautionary
saving channel discussed in the previous section. As in our model, countries typically
featured in the long legs of carry-trade strategies (e.g., Australia and New Zealand)
feature both low exposure to global risk and a large average risk-free rate. In contrast,
the set of countries commonly used as the funding currency (e.g., Japan) has a large

[ and a low average interest rate.
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FIG. 5 - In each panel, the horizontal axis refers to the estimated exposure coefficient 57. For
each country in our data set, we use the estimates provided in Table 1. The top-left panel links
exposure to global long-run risk to the average risk-free rate in the cross section of countries.
The top-right panel refers to the volatility of the growth rate of the real exchange rate of each
country against the US dollar. Volatilities are expressed in terms of deviation from the median
country. The bottom-left (right) panel focuses on the average level (volatility) of the net foreign
assets to output ratio. In each panel, the dots correspond to the actual data, the dashed line
provides a linear-quadratic fit of the data, and the thick line represents the model’s prediction.
The model is calibrated as in Table 2 and it features heterogenous exposure to global long-run
growth shocks.

By no arbitrage, the model suggests that the volatility of real exchange rates’ fluc-
tuations is a function of the spread of the ’s across countries, i.e., countries with
an exposure close to the median beta should have smooth exchange rates, whereas
countries with extreme betas should have highly volatile currencies (the volatility
smile). The top right panel of Figure 5 shows that this prediction finds strong support
in the data, as the volatilities of the growth rate of the real exchange rate (vis-a-vis
the US dollar) are well approximated by a concave quadratic function of the exposure

coefficient.
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Our risk sharing—based model predicts that countries with low exposure to global risk
provide insurance to countries with high exposure to global risk in international cap-
ital markets. The bottom left panel of Figure 5 documents that our model’s prediction
lines up with the data, as countries like Australia and New Zealand (which have the
lowest 3’s) have negative average net foreign asset positions and countries like the
US, Switzerland, and Sweden (which have the largest 3’s) have positive average net

foreign asset positions.

Additionally, the model predicts that countries with extreme 3’s should experience a
larger extent of fluctuation in their net foreign asset positions, as they engage in a
substantial amount of trading of securities to provide and receive insurance against
their exposure to global risk (the reallocation channel). In contrast, countries with 5’s
close to the median should have relatively smoother net foreign assets positions. As

shown in the bottom right panel of Figure 5, this prediction is confirmed in the data.

We further explore the mechanism of the model by analyzing the response of foreign
assets to a global long-run shock at a country level in our cross-section. For each
country, we regress the time-series of the net foreign asset position on the level of the

global long-run risk:

Goe,

+ANFA L obat s + Ei- (16)

According to our model, countries that have low exposure to global long-run risk (i.e.
low 3 countries) should experience an outflow (inflow) of resources at the occurrence of

AVFA coefficient should

a negative (positive) global long-run shock. Equivalently, the
be positive for countries with low  and negative for countries with high 5. We test

this negative link in our cross-section of S-sorted countries by jointly estimating the
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F1G. 6 - Each dot represents the estimated sensitivity of the net foreign assets over GDP
of a country with respect to global long-run risk (see equation (16), coefficient AN¥'4). For
each dot, the vertical line represents the 90% confidence interval associated to the estimated
coefficient. The dashed line corresponds to the point estimate of the line ¥} 74 + 9NF'4 . gz
in equation (17). The estimated 5’s are reported in Table 1. Standard errors are adjusted for
heteroscedasticity.

following system of equations via GMM:

GDPM = o (ﬁ(J)VFA + ﬁ{VFA ’ ﬂf) " Zglobal,t + f@t 1= 1, 2, ceny 10. (17)

Under the null hypothesis of the model, the estimated ¥)'*“ in equation (17) should
be negative.

We illustrate our results in Figure 6. Countries with low 3, such as Australia and

ANVFA in equation (16), whereas

New Zealand, have positive estimated coefficients
countries with high 3, such as Switzerland and Sweden, have negative estimated
ANFA coefficients. For the countries with the most extreme exposure to global shocks,
we can typically reject the null hypothesis that their estimated A4 coefficient is
equal to zero. Furthermore, the negative cross-sectional link between 3 and \VF4

predicted by our model cannot be rejected in the data.
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F1G. 7 - Each dot represents the estimated sensitivity of the growth rate of the exchange rate
of a country’s currency relative to the US Dollar with respect to a global long-run shock (see
equation (18), coefficient \/'X). For each dot, the vertical line represents the 90% confidence
interval associated to the estimated coefficient. The dashed line corresponds to the point
estimate of the line 9] + 91X . 7 in equation (19). The estimated 3’s are reported in Table 1.
Standard errors are adjusted for heteroscedasticity.

We perform a similar analysis to study the response of each country’s exchange rate to
a global long-run shock. In particular, for each country i we estimate the coefficients

MY n
Aeiy = aof N+ N Azgiopars + i, (18)
and then estimate the slope coefficient ¥/~ in the following system of equations:

X (05 + 97 B2) - Azgiopars + & 1= 1,2, ..., 10, (19)

(2

Ae;y = «

We depict the results of this part of the analysis in Figure 7. Our model predicts
that the currencies of countries with high exposure to global growth news (high )
experience stronger appreciations in response to negative global growth shocks. This

is equivalent to a negative ¥ *. In our cross-section, the estimate of this coefficient is
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negative and statistically significant, consistent with the model.?

We conclude this part of the analysis, by checking the robustness of our results to con-
trolling for local growth news shocks and excluding specific countries. To streamline
the presentation of the results, in Table 6 we focus on portfolios constructed according

to countries’ 5’s, as opposed to focusing on each country separately.

Specifically, we construct three portfolios based on the results of our analysis in Ta-
ble 1. The first portfolio (labeled “Low (37”) pools the estimates of \I'X and A\N¥4 for
all the countries with negative and statistically different from zero ’s (i.e. Australia
and New Zealand). The second portfolio (labeled “Medium f7”) refers to the countries
whose (’s are not statistically different from zero (i.e. UK, Germany, Canada, Nor-
way, and Japan). The third portfolio (labeled “High (57”) consists of the countries with

positive and statistically different from zero 5’s (i.e. US, Switzerland, and Sweden).

Columns [1] and [5] of Table 6 are the portfolio counterparts of the country-level
estimated coefficients depicted in Figure 6 and Figure 7. Columns [2], [6], and [7]
document that our results are robust to the exclusion of Japan and United States

from portfolios 2 and 3, respectively.

In columns [3] and [4], we augment the specification in equation (18) by including the
following two additional regressors: (i) the local long-run news for country i, and (ii)
the local long-run news for the US, since the US is our base-country. Our results are
robust to the inclusion of these additional control variables. In columns [8], [9], and
[10], we perform a similar exercise by including the local long-run risk component as

an additional variable in equation (16). The results are virtually unchanged relative

3Japan is the only notable outlier in Figure 7. This is due mostly to the strong depreciation of the
Japanese Yen during the first part of the 1990’s (see Obstfeld 2010 for a detailed account). This period
also coincides with the time in which the Japanese Yen was less than prominently featured as the
funding currency of carry trade strategies. We document in the Appendix that for the more recent
financial crisis of 2007-2008, both the exchange rate and the NFA behaved exactly as predicted by the
model (see Figure Al and Figure A2 in the Appendix.)

39



to columns [5], [6], and [7].

Overall, we regard the results presented in this section as strongly supporting our
multicountry recursive risk-sharing mechanism. Our empirical findings confirm that
the degree of heterogeneity in the exposure to global risk is well aligned with a num-
ber of quantities of interest in international financial markets. Furthermore, our
general-equilibrium approach enables us to relate the no arbitrage—based hypothesis
of Lustig et al. (2011) and Lustig et al. (2014) to macroeconomic fundamentals, such

as international consumption dynamics.

6 Concluding Remarks

In this paper, we provide novel empirical evidence about cross-country heterogene-
ity in exposure to global long-run growth news. In particular, we show that het-
erogenous exposure to global long-run output growth risk simultaneously accounts
for many currency risk-factor structures that have been proposed in the literature.
We then develop a frictionless general-equilibrium model featuring long-run growth
news shocks, and multiple countries with recursive preferences and produce an array
of important economic implications that can be empirically assessed. We find a good

alignment between our model and the data.

Future developments should focus on extending this setting to international real busi-
ness cycle models in order to study the role of international investment flows and in-
ternational frictions for the cross section of currency risk premia. The investigation
of the roles of trading frictions, portfolio composition, and market incompleteness are

other promising directions for future research.
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TABLE 6: Conditional Analysis

Exchange Rate Net Foreign Assets

Portfolio [1] [2] [3] [4] [5] [6] [7] [8] [9] [10]
Low 37 -26.52 -26.52 -27.51 -27.51 384.03 384.03 384.03 437.92 43792 437.92

(16.05) (16.05) (13.91) (13.91) (55.67) (55.67) (55.67) (129.36) (129.36) (129.36)
Medium /7 -23.85 -38.49 -27.31 -52.15 -46.44 384.03 -15.74 33.44 33.44 7.23

(6.08) (9.35) (12.06) (12.72) (2.95) (55.67) (1.95) (7.79) (7.79) (7.36)
High j7 -67.16 -67.16 -84.88 -84.88 -154.46 -149.21 -154.46 -141.02 -144.54 -141.02

(23.75) (23.75) (2043) (2043) (33.57) (2420) (3357) (2272) (22.69) (22.72)
Include All - - - - Y N N Y N N
Exclude JPN N Y N Y N N Y N N Y
Exclude US Y Y Y Y N Y N N Y N
Control local shocks N N Y Y N N N Y Y Y

Notes - Unless otherwise specified in the last four rows of the Table, the “Low 7” portfolio contains Australia, and New Zealand;
the “Medium f7” portfolio contains UK, Germany, Canada, Norway, and Japan; the “High 37” portfolio contains Switzerland,
US, and Sweden. The United States are excluded from the analysis in columns [1]-[4], because the US Dollar is the base
currency for this part of the analysis. The coefficients reported in columns [1] and [2] are obtained by pooling the coefficients
M'X in equation (18) for the countries of the corresponding portfolios. The coefficients in columns [3] and [4] repeat the same
analysis, by augmenting equation (18) with the component of the domestic long-run shock that is orthogonal to the global
long-run shock, i.e. A (z;; — 37 - Zgi0bai,t), and the component of the US long-run shock that is orthogonal to the global long-run
shock, i.e. A (zus: — Bfg - Zglobalt). The coefficients reported in columns [5]-[7] are obtained by pooling the coefficients ANVE Ain
equation (16) for the countries of the corresponding portfolios. The coefficients in columns [8]-[10] repeat the same analysis,
by augmenting equation (16) with the non-global component of the local long-run risk, i.e. z;; — 87 - Zgiobal,t, @S an additional
variable. For all configurations, the sample is 1987-2013. All standard errors are adjusted for heteroskedasticity. The average
exposures to the global long-run risk (57) are reported in Table A1l of the Appendix.
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Appendix

Additional Empirical Results. In this section, we explore the relation between
the cross section of 5’s and international capital flows during the 2008-2009 finan-
cial crisis. We regard this period as a global negative shock to the long-run growth
prospects for the set of countries in our analysis. Our model would predict that upon
the occurrence of a negative shock, negative 5 countries (i.e., the countries that are
less exposed to global shocks) should provide insurance to the countries with large
positive 5’s (i.e., the countries with a large degree of exposure to global shocks). That
is, countries with lower exposure should experience a deterioration of their net foreign
asset positions. Our results provide empirical support for this prediction by show-
ing that in 2008-2009, Australia and New Zealand experienced a large drop in their
net foreign asset positions, while countries on the other end of the spectrum, such as
Japan, Sweden, and Switzerland, experienced a large accumulation of foreign assets

(Figure Al).

Furthermore, the currencies of countries with large positive ’s appreciated relative
to those of countries with negative ’s during the financial crisis (Figure A2). Take,
for example, Japan (a positive 8 country) and Australia (a negative 5 country): dur-
ing 2008-2009, the Japanese yen appreciated by an average of about 10% per year
relative to the Australian dollar. This is exactly what our model predicts, as shown in

Figure 2.

Table A1l concludes this section by reporting the 5’s of the portfolios used to carry out

the analysis in Table 6 of main text.
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Change in NFA during 2007-2008
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F1G. Al - This figure reports the change in the average net foreign asset position of each
country during 2008-2009 over the average of the previous two years against the S of the
corresponding country. The estimated 3’s are reported in Table 1.

Allocations as a Function of Pareto weights. Let W) = W(C}, U/, ,) be the right-

hand side of equation (5). If we denote the partial derivatives of the aggregator W' as

follows,
, oW} , oW}
L= — W, = —
1.t acg’ 2,t ) &4’
the stochastic discount factor is equal to
. Wi Wi
M, =2 MLy — ) (A1)

t+1 le .

The optimality condition for the allocation of good X, for ¢ = 1,2, ... in each possible

state 1s

t—1 t—1
. ) . e 11—« 1 ivxri ; )
%<HWQW%WJ:%i%EﬂW@<H%0”% (A2)
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Currencies during 2007-2008
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F1G. A2 - This figure reports the average change in exchange rate of each country vis a vis the
US Dollar during 2008—2009 against the 3 of the corresponding country. The estimated 3’s are
reported in Table 1. All changes are in excess of the appreciation rate of the Australian dollar
(-1.5% in our sample). The reported value for AUS is therefore equal to zero by construction.

for all countries i # j. Define the time ¢ Pareto weights as

t—1
f = Mo (Hwé,j) WG
5=0

i i Wi, C i i i
= pyq Wy y- Wi Cz—t = py_q - My - exp {Act} )
-1 G

It follows that equation (A2) can be rewritten as

j,o (-0 1,
i x;t (N—]_) ‘I;’,t Hy

Vie{h, f}

(A3)

Let S;+ := pj+/ 11+ Then the optimality condition in equation (A3) combined with the

feasibility constraint can be represented by the following system of recursive equa-
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TABLE Al: Portfolio 5’s of Conditional Analysis

Exchange Rate Net Foreign Assets
Portfolio [1] [2] [3] [4] [5] [6] [7] [8] [9]1 [10]
Low 7 -0.48 -0.48 -0.48 -0.48 -0.48 -0.48 -0.48 -0.48 -0.48 -0.48
Medium 57 0.02 -0.01 0.02 -0.01 0.02 0.02 -0.01 0.02 0.02 -0.01

High 57 0.30 0.30 0.30 0.30 029 030 0.29 029 030 0.29

Notes - The table reports the 3’s of the portfolios associated to the analysis in Table 6 of main

text.

tions:
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. 1— S.
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(A4)

We use perturbation methods to solve our system of equations (4)—(13). We compute

our policy functions using the dynar e++4. 2. 1 package. All variables are expressed

in log-units.

Terms of Trade, Imports, and Exports. We normalize the price of good 1 to 1.

The terms of trade can be obtained from the intratemporal condition:

C} 1—a C} .
—Dit—— — =0, Vj=1{2,3,...,N
p]7txita+ N — 11'},,5 ) J { 5 9y ’ }a

which implies
l—« xit

———, V5 =12,3,...,N}.
Q(N—l)x}’t, J {77 ) }

Pit =

Consider country 1 and country j. The exports of country 1 to country j are
El‘pjl',t - xit?
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where iji,t is defined in equation (10). The imports of country 1 from country j are

1
l—« 1 Tis q
« N—lle-t Jt

—1
l—a 1 1—«
— _ X
S (i D) X

J#1

1 _ 1 _
[mpjvt - p]7t ’ x]7t -

It follows that the volume of trade between countries 1 and j; normalized by the en-

dowment of country 1 is

Vol Lol (1+8
0l1 ¢ _ o ];/ ( ) : (A5)
Xl,t 1 -+ Tm j£1 S
(1-—a)-(1+5))
«aN-D+(1l-a)y,., 5
Similarly, the net exports—output ratio between countries 1 and j is
NXJ S)—1
1,t _ a ];/ 11( ) - (A6)
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