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1 Introduction

“At the moment, we have no integrative general-equilibrium (monetary) model of

international portfolio choice, although we need one.”
Obstfeld (2004)

More than a decade later, the international portfolio choice problem remains a long-
standing open issue in international finance to which the literature only provides a piecemeal
answer.! In parallel, a more recent body of work is emerging that studies the structure of
the international financial system, with a particular focus on the role of the United States at
its center. Namely, the United States acts as a world banker, with the exorbitant privilege
of higher returns on its external portfolio and an easier ability to borrow in normal times,

but the exorbitant duty of insuring the rest of the world in times of global crises.

This paper makes three main contributions. First, I characterize the global solution to
the international portfolio choice problem in a general setup, and in a way that also allows
to capture salient features of the international financial system. Second, I show that the
framework can jointly replicate a number of stylized facts about the international financial
system. Third, I provide empirical evidence on portfolios and asset prices that supports the

theoretical predictions of the model.

Theoretically, I adapt recent advances in multi-agent continuous-time asset pricing mod-
els to a two-country, two-tree, two-good general equilibrium context in which investors have
recursive preferences, a bias in consumption towards their local good, and asymmetric risk
tolerance. The main message from the characterization is that two quantities drive portfolios,
asset prices, and risk sharing in this economy: the relative supply of goods in different coun-
tries, and the allocation of wealth across international investors. The allocation of wealth
has received little emphasis thus far in such a setting, but combined with frictions in financial
markets, it is crucial in generating equity portfolios and risk premia that are consistent with
empirical observations. In addition, the dynamics of those variables are especially important,
an aspect that would not be possible to study without the global solution that I propose.
This is in sharp contrast to the low-order local approximations that have been used in the

literature, and makes it another key innovation of my approach.

T survey the advances made in the literature since that quote below.



The framework can jointly capture a large number of stylized facts about the structure
and dynamics of the international financial system, and of asset returns in that context.
For instance, it replicates the exorbitant privilege and duty of the United States, and the

countercyclicality of risky returns and their correlations.

Most importantly, the framework allows to make sense of at least two key phenomena
that have been the focus of an abundant recent literature.

First, introducing the special role of the United States as the world banker in this general
equilibrium setting gives rise to Global Financial Cycle-type dynamics in risk premia, as has
been discussed empirically (Rey, 2013 ; Miranda-Agrippino and Rey, 2020), but for which a
model has proved elusive. Specifically, because U.S. investors are more willing and able to
bear risk in international markets, they hold riskier portfolios on average so that they are
more negatively impacted in times of global crisis. The resulting transfer of wealth from
the United States to the rest of the world leads to a spike in global risk aversion and in
risk premia worldwide, and to a decrease in the global safe rate, consistent with empirical
observations. Importantly, the mechanism is broadly supported in the data: as I document
in novel Fact 1, the share of world wealth held by the United States strongly decreased
throughout the global financial crisis.

Second, the model can rationalize the so-called Reserve Currency Paradox (cf. e.g. Mag-
giori, 2017). The paradox refers to the fact that the wealth transfer from the United States
to the rest of the world in times of global crisis should result in a depreciation of the U.S.
dollar, at odds with its strong appreciation in practice. Here again, putting the role of the
United States in this general setting provides a way out: not only is the allocation of wealth
important, but so is the relative supply of goods. A decrease in the relative GDP of the
United States in times of crisis can indeed put upward pressure on the price of U.S. goods,
and therefore on the price of the U.S. basket of goods. In other words, such an evolution can
provide a countervailing force through which the U.S. dollar can appreciate. In addition, this
force can potentially dominate given that, the model shows, the exchange rate changes much
more strongly with relative supply than with the allocation of wealth. Is this observation
relevant in practice? Here again, in novel Fact 1, I suggest that yes: the U.S. share of world
GDP has tended to decrease in times of global crisis, so that the appreciation pressure on
the U.S. dollar can very well dominate.

For both findings, additional channels have been proposed that are likely to also be im-



portant.? In short however, even absent those, the framework highlights that there exist
deep conceptual and empirically-relevant reasons why we should expect a Global Financial
Cycle, and a potential U.S. dollar appreciation in times of crisis, as soon as we introduce the

special role of the United States as the world banker in a general enough setting.

Lastly, I provide novel empirical evidence that strongly supports the theoretical predic-
tions of the framework.

Turning first to portfolios, the model is able to match the average share of U.S. assets
in the equity portfolios of investors in the United States (65-70%) and the rest of the world
(8-15%), as well as their equity home biases (U.S.: 55%, rest of the world: 65%). This is
thanks to the combination of frictions in financial markets, and the general setup in par-
ticular in terms of preferences. Most importantly, the framework also replicates portfolios
in their dynamics, an entirely novel dimension that the global solution allows us to study.
Namely, as predicted by the model, the weight on U.S. equity assets has increased in both
portfolios starting in the global financial crisis. Relatedly, the equity home bias has increased
in the U.S., and decreased in the rest of the world.?

I then study the implication for asset prices by estimating the implied beta-representation
on 128 portfolios from four regions (U.S., Europe, Japan, Asia-Pacific). I proxy for U.S.
wealth share movements by changes in global risk aversion, and find evidence for a strongly
positive price of wealth share risk, consistent with the model in which assets are unattractive
(and therefore risky) if they pay in tranquil times when the U.S. wealth share is large and
global compensation for risk is low. I proxy for relative supply movements by changes in
real exchange rate, and find evidence for a negative price of relative supply risk, consistent
with the model in which the concerns of the rest of the world dominate relative supply risk

pricing so that an asset that pays when the relative supply of the rest of the world is low

2For instance, among others, U.S. monetary policy and intermediaries leverage are important for the
Global Financial Cycle (Miranda-Agrippino and Rey, 2020), and spiking demand in safe assets (Kekre and
Lenel, 2021) and binding constraints on the part of foreign exchange dealers matter for the Reserve Currency
Paradox. Embedding those in the current framework is an important avenue for future research, and could
reinforce the mechanisms presented above.

3These statements are based on restated portfolio data from Coppola et al. (2021), who use detailed data
on investment funds to reallocate the share of assets held in tax havens to their true destination country.
Using non-restated data, the picture is similar. For instance, the home bias in the U.S. also increased in
2008, and although it started decreasing slightly back afterwards, consistent with a continuation of the
secular downward trend in equity home bias, it has done so at a much slower pace, again broadly consistent
in essence with the model.



is attractive (and therefore a good hedge).*> Those prices of risk are strongly significant
(Newey-West t-stats around 5 on average), and economically large and meaningful. For in-
stance, the adjusted-R2s range from 26.5 to 70.8%, and the premia difference between high-3
(90th-percentile) and low-5 (10th-percentile) assets is around 5 to 8% in annual terms, which
is sizable compared to the average (median) returns of 21.55% (15.98%) per year on those
portfolios. This is true across an array of specifications, and whether I run unconditional or
conditional empirical asset pricing tests.

Taken together, the empirical evidence strongly supports theoretical predictions. It high-
lights the relevance of the novel elements brought about by the framework, such as the central
role of the wealth share of the United States, and the importance of dynamic aspects going

beyond the average level of risk premia and portfolios.

The model is also a well-suited building block for many potential extensions. For in-
stance, it makes it possible to introduce in this international setting the type of financial
intermediaries that have been discussed in the intermediary asset pricing literature e.g. in
Danielsson et al. (2012), He and Krishnamurthy (2013), Adrian and Shin (2014), or Adrian
and Boyarchenko (2015). Illustrations are briefly discussed in Section D.3, e.g. with the
inclusion of a global asset manager (Sauzet, 2022c¢). From the perspective of extensions,
solving for the decentralized general equilibrium of this economy like in this paper will prove
valuable: the framework is readily set to tackle a wide range of market structures beyond
imperfect risk sharing. In addition, the implementation of those extensions will likely re-
quire higher-dimensional resolution approaches such as the “projection methods via neural
networks” that I propose in Sauzet (2022b). I leave all these promising avenues for ongoing

and future research.

Related literature This paper contributes to two main strands of literature.

First, I contribute to the literature on multi-agent asset pricing models, which has a
long tradition since the seminal contributions of Dumas (1989, 1992), Wang (1996), Basak

4Choosing empirical proxy factors for wealth share risk, and relative supply risk, is required in practice
to have data at a higher frequency and of better quality. I rely on theoretical results for guidance: global
risk aversion is the most cleanly (negatively) monotonically-related variable to the U.S. wealth share, while
real exchange rate is for the most part (negatively) driven by relative supply.

5The price of relative supply risk is more dependent on the state of the economy, here again consistent
with theoretical predictions.



and Cuoco (1998), Chan and Kogan (2002), and more recently Brunnermeier and Pedersen
(2009), Weinbaum (2009), Garleanu and Pedersen (2011), Chabakauri (2013), Brunnermeier
and Sannikov (2014), Garleanu and Panageas (2015), Drechsler et al. (2018), Borovicka
(2020). This literature is also related to recent contributions on heterogeneous agents in
closed-economy macroeconomics such as Kaplan et al. (2018). To those, I bring two goods,
two assets, two countries, as well as a home bias in consumption and asymmetries in prefer-
ences. The home bias in consumption can be seen as a friction in the goods market, which
is important because it introduces a fundamental level of heterogeneity across investors even
absent asymmetries. It is responsible for many underlying mechanisms in the economy, and
also ensures that there is a well-defined (i.e., non-constant) exchange rate. As such, this
is among the main differences with the international model of Brunnermeier and Sannikov
(2015, 2019). Having two assets also fundamentally relates my paper to contributions with

multiple securities but one investor, e.g. Cochrane et al. (2008), Martin (2013).

Related to my contribution are also those of Zapatero (1995), Pavlova and Rigobon (2007,
2008, 2010), and Stathopoulos (2017), who study a pure exchange economy similar to mine,
but in which preferences are log and the elasticity of intertemporal substitution across goods
is equal to one. The combination of those assumptions leads the allocation of wealth to
be constant, equity assets to be perfectly correlated in the absence of demand shocks, or
hedging demands to be absent due to myopic portfolios. All three are important dimensions
that arise in my framework once I allow for general recursive preferences and an arbitrary
elasticity of substitution across goods. My contribution is therefore a natural continuation
of this earlier research effort.

However, breaking those limitations requires solving the model using a whole new set of
methods compared to those papers. In particular, the resolution of my framework, which
draws on Sauzet (2022a), is based on global projection methods, as presented in Judd (1992,
1998), the NBER Summer SI Lecture by Ferndndez-Villaverde and Christiano (2011), and
in contributions by Ferndndez-Villaverde et al. (2013, 2015, 2018) or Parra-Alvarez (2018),
among others. Those are applied to multi-agent models for instance in Drechsler et al. (2018),
Fang (2019), or Kargar (2019). The approximation is based on Chebyshev polynomials and
orthogonal collocation, although in concurrent work, I am developing a natural extension
based on neural networks (Sauzet, 2022b, cf. Section D.3).%

6T solve for the decentralized economy throughout, but the method of Dumas et al. (2000), based on a



In addition, I also introduce asymmetries in preferences, labor income in the form of a
constant share of output as in Baxter and Jermann (1997), and most importantly, imperfect
financial integration. The latter is captured in a parsimonious way as a wedge on foreign
dividends by generalizing Bhamra et al. (2014) to a non-log environment that also features
home bias, and following the seminal contribution of Basak and Gallmeyer (2003) who study
a dynamic asset pricing model with dividend taxation in a one-country one-asset one-good
setting. Compared to Bhamra et al. (2014), the introduction of general preferences makes a
significant difference: imperfect risk sharing has a large impact provided that the elasticity
of intertemporal substitution is modest, a novel insight. In addition, I use a global solution
instead of relying on local approximations, and am able to study the effect on the exchange

rate and of hedging terms, which are central in this economy.”

Other related papers include Cass and Pavlova (2004), Brandt et al. (2006), Martin
(2011), and Maggiori (2017) that I discuss below, as well as Fang (2019) who focuses on
a small open economy in which the rest of the world is taken as exogenous and in which
investors do not have symmetric home bias. On the theoretical front, my paper is also
related to contributions introducing recursive preferences in continuous-time, e.g. Duffie
and Epstein (1992), and contributions focusing on the existence and uniqueness of equilibria
in the presence of multiple agents, and possibly multiple goods and incomplete markets,
e.g. Polemarchakis (1988), Geanakoplos and Polemarchakis (1986), Geanakoplos and Mas-
Colell (1989), Geanakoplos (1990), Duffie et al. (1994), Berrada et al. (2007), Anderson and
Raimondo (2008), Hugonnier et al. (2012), Ehling and Heyerdahl-Larsen (2015, 2017).

Second, I contribute to the literature on the international portfolio problem. Specifically,
the advances presented above allow me to characterize the global solution to the international
portfolio choice problem in a general setup, a long-standing issue in this literature since the
seminar contributions of Stulz (1983), Dumas (1989, 1992), Cole and Obstfeld (1991), Uppal
(1993), Zapatero (1995), Baxter and Jermann (1997), Baxter et al. (1998), Obstfeld and
Rogoff (2001), Obstfeld (2004), among many others. Obstfeld (2007) and Coeurdacier and
Rey (2013) provide surveys.

planner, could also potentially be used in cases in which risk sharing is perfect.

"Theoretically, the use of a wedge to capture a wide range of frictions is related to the work of Garleanu
et al. (2020), who show that models with investment taxes constitute an equivalent, but substantially simpler,
way to capture a rich set of impediments to financial trade.



To a large part of the more recent literature on the topic, such as Heathcote and Perri
(2002, 2004, 2013), Corsetti et al. (2008), Coeurdacier (2009), Tille and van Wincoop (2010),
Devereux and Sutherland (2011), Evans and Hnatkovska (2012), Coeurdacier and Rey (2013),
Coeurdacier and Gourinchas (2016), Stewen (2020), I bring (i) a solution that is global and
does not rely on approximations. This allows to complete the picture and trace out the
evolution of economic outcomes as we move away from the point of approximation (typically
the symmetric point), which proves important in this context where variables are strongly
state-dependent and potentially non-linear. I also bring (ii) general preferences, which allow
to move away from special cases and study all situations under a unified framework (cf.
also the discussion above of Pavlova and Rigobon, 2007, 2008, 2010, Stathopoulos, 2017).
A limited number of contributions have relied on global methods in similar settings e.g.
Kubler and Schmedders (2003) (one country), Stepanchuk and Tsyrennikov (2015) (one
good), Rabitsch et al. (2015), and Coeurdacier et al. (2020) (one good). To those, I bring
(iii) continuous-time methods, which make it possible to study portfolio drivers, in particular
hedging demands, asset prices and their conditional first and second moments, as well as
the determinants of wealth and state variable dynamics, in ways that are inaccessible in a
discrete-time formulation and therefore make continuous-time the natural tool of choice to
study this type of questions. Finally (iv), to all, in addition to labor income as in Baxter and
Jermann (1997) and asymmetries in preferences, I bring imperfect financial integration, an
important topic in international finance that had not been studied thus far in such a general

international portfolio choice context.®

Dou and Verdelhan (2015) also solve an international portfolio problem globally, with
general preferences and endowments, portfolio constraints, and incomplete markets. Their
focus on the volatility of international capital flows is different, however. In addition, partly
because their framework is cast in discrete time, they do not focus on describing the under-
lying determinant of portfolios, such as hedging demands, which are an important part of
my contribution.

My contribution also relates to that of Dahlquist et al. (2022), and Kim (2022). The
former in particular emphasizes, using a model based on good-specific risk appetite, that

movements in exchange rates could have an important impact on the valuation of interna-

8More general specifications of labor such as a time-varying (Coeurdacier and Gourinchas, 2016) or
idiosyncratic labor income risk (Kaplan et al., 2018) are interesting avenues for further exploration.



tional portfolios, an aspect that could be interesting to study in this setting.” Both papers
however have the implication that the U.S. share of world wealth should increase in times of
global crisis, in contrast to the strong decrease that I document in the data (cf. two different
measures in Fact 1).1°

The economy is also related to that of Colacito and Croce (2011, 2013), Colacito et al.
(2018), and Colacito et al. (2019), who introduce recursive preferences in an international
context. Compared to those, output does not feature long-run risk dynamics. Instead, I
bring in an arbitrary elasticity of substitution across goods, which renders the two equity
assets no longer perfectly correlated so that the portfolio choice is no longer indeterminate
in my context. In addition, I solve the decentralized version of the economy, and am there-
fore able to discuss portfolios and their dynamics, which are one of the main focuses in the

current paper. More generally, I bring (i), (ii), (iii) and (iv) above to that economy.

Finally, the main application in this paper is in the spirit of Gourinchas and Rey (2007a,b),
Caballero et al. (2008), Gourinchas et al. (2017), and Maggiori (2017).'' Compared to those,
I introduce general recursive-CES preferences, labor income, asymmetries, and imperfect
risk sharing. More generally, my approach allows to bring those contributions to a general
international portfolio choice setting, and to jointly study the special role of the U.S. in
international markets —as they do—, and the level and dynamics of international portfolios.
Lastly, in recent work, Atkeson et al. (2022) suggest that the exorbitant privilege of the
United States may have shrunk in recent years, due to a rapid increase in the valuation of
U.S. assets. This finding is not problematic for my results, given that I focus on periods of
global crises that occurred before this episode. The model however suggests that this could
be a different form of privilege: U.S. investors borrow in safe assets from abroad to lever
their portfolios, and invest heavily in risky assets worldwide but also domestically. As such,
they also appear to have benefited strongly from the rise in U.S. valuations, as seen from the

large increase in the U.S. wealth share over the same (recent) period documented in Fact 1.

9Section D.3 discusses possible extensions. Some could be along those lines, e.g. adding global foreign
exchange dealers, downward-sloping demand for exchange rates, or nominal exchange rates.

10The U.S. wealth share also appears to decrease at the onset of the global financial crisis when constructed
from a third approach, namely using data as in Jiang et al. (2022), based on 33 investor- and 31 issuer-
countries.

A related recent contribution, focusing on one good and log preferences, is Huang and Hu (2022).
Additional papers that establish stylized facts about the international financial system are discussed in
Section 4.1.



Outline The paper is organized as follows. Section 2 describes the setup of the economy;,
and introduces two main state variables: the wealth share of the domestic (U.S.) investor,
and the relative supply of the domestic (U.S.) good, i.e. fundamentals. In Section 3, I
characterize the equilibrium theoretically, focusing on asset prices and portfolios. Section 4
presents the main application to modeling the international financial system, and Section 5

describes empirical evidence. Section 6 concludes. Additional material is in Appendix.

2 The Economy

This section presents the theoretical setup. I introduce a pure-exchange general equilib-
rium economy with two countries, domestic and foreign (*), and two trees that produce
two differentiated goods. Each country is populated by a representative investor with re-
cursive preferences and whose consumption is biased towards the local good. I show that
the equilibrium can be characterized as a function of two state variables: the wealth share
of the domestic investor, x;, and the relative supply of the two goods, y;. Appendices A
and B gather additional results and figures omitted in the main text, and the setup is sum-
marized in Figure B.1. The model builds on Sauzet (2022a) which develops a theoretical

characterization in a general context.

Time is continuous and the horizon is infinite, ¢t € [0,00). Uncertainty is represented
by a probability space (2, F,F, P) supporting a two-dimensional Brownian motion 7 =
(Z,z*)" € R?. The filtration F = (F;)se[0,00) is the usual augmentation of the filtration

generated by the Brownian motions, and F = F.

2.1 Endowments, prices, assets

Each country hosts a tree, a la Lucas (1978), which produces a differentiated good with its

own price. The output of each tree follows a geometric Brownian motion

dY

V= Hvdt+ ovdZ, (1)
t
ay* -
Yi = pidt + oy dZ,
t



The price of the domestic and foreign goods are py, pf. The terms of trade is ¢, = p}/py,
and the real exchange rate is & = P}/P,. Both are defined as is standard so that an increase
in ¢, corresponds to a worsening of the terms of trade, and an increase in & corresponds
to a depreciation. P, P are the prices of the domestic and foreign consumption baskets
discussed below. All prices are defined with respect to a global numéraire taken to be a
CES-basket with weight a on the local good.!?

Both trees are traded as equity assets, with returns given by

d (ptY;t/Ft>

th pt}/t T >
ARy = + dt = + Fidt = dt + opdZ 2
Q Qt peYi/Fy ' it R 2
dQr | pYe WY/ FY) T a7
dR; = + dt = ——————= + F}'dt = pips dt + ops ,dZ
oQr @ piYSEE e e

where Q, QF are the equity prices, and F; = p,Y;/Qy, Fi* = pfY;*/Q7 are the dividend yields,
for the domestic and foreign assets. Drifts jigr+, tg+ ¢, which measure conditional expected
returns, and diffusion terms or; = (Op.t, Ors#t), Opx+ = (OR*21t, Op#.++), which measure
the loadings on the shocks and therefore the conditional volatilities, are obtained from Ito’s

Lemma and given in Appendix A.2.

The supply of each equity asset is normalized to unity, and there also exists an interna-
tional bond in net zero supply, which is locally riskless in units of the numéraire. Its price

is B, and the corresponding instantaneous interest rate is 74, so that dB;/B; = r.dt.*?

2.2 Preferences

The representative investor of each country has recursive preferences over consumption a
la Duffie and Epstein (1992). Recursive preferences are in contrast to a large part of the

literature that focuses on log or constant relative risk aversion (CRRA) utility. The former

128pecifically, I normalize [ap%_‘g +(1— a)pfl_e]l/(l_a) to unity. I take a = 1/2 in the baseline.

13Tn this setting, investors still (separately) face dynamically complete markets, even as financial frictions
are introduced. (This is true even though their opportunity sets differ, risk sharing is imperfect, and a
standard planner solution is no longer applicable. Cf. Section 2.4 for details.) As a result, the introduction
of two separate bonds, one per country, would not fundamentally alter the equilibrium. Having two bonds
will prove more interesting however in economies with fully incomplete markets, as this will allow to study
questions like UIP deviations in those settings. I leave those explorations for future research.

10



has the drawback that investors are myopic so that state variables are not hedged, and
have therefore a limited impact on portfolios, asset prices, and other quantities of interest.'*
Contrary to the CRRA case, recursive preferences also allow to disentangle the risk aversion
and elasticity of substitution (EIS) of each investor. This is important to get more realistic
risk premia, and because the EIS partly controls the quantitative impact of financial market

frictions in this setting (Sauzet, 2022a).

For the domestic investor for instance, preferences are given by

T OnuCrumnas e Ut I ) u] (3)
1=1/¢
CV)y=|—1)\V -

where 7 is the coefficient of relative risk aversion, ¥ # 1/ the elasticity of intertemporal

substitution, and p is the discount rate.

The consumption basket of each investor is composed of the two goods, which are com-
bined according to an aggregator with constant elasticity of substitution 6, and is biased

towards their own local good
i =latCp +(1-a)icyf |7 (4)

Two characteristics of the consumption baskets are noteworthy.

First, the elasticity of substitution across goods, €, is not equal to unity. Due to its
specificity, the case with # = 1, in which C; collapses to a Cobb-Douglas aggregator, has

received considerable attention in the literature since the seminal contribution of Cole and

14Hedging terms are absent more generally as long as the risk aversion is equal to one.

15Focusing on standard CRRA preferences would simplify some of the algebra at times. However, this is
at the cost of tying the EIS (1) to be the inverse of risk aversion (), which makes it impossible to obtain
both plausible risk premia, and a reasonable riskfree rate (Weil, 1989). In addition, including frictions in
financial markets or asymmetries in preferences, as is important for Sections 3 and 4, means that both state
variables are required even under CRRA preferences, so that the simplification in algebra is in fact only
limited. For those reasons, I stick to recursive preferences throughout. Those have the added benefit of
being more general, as opposed to the literature that has often focused on special cases.

11



Obstfeld (1991).'6 In this case and under some conditions, the Pareto optimal equilibrium
that would obtain under complete markets can in fact be attained under financial autarky.
This is so because when # = 1, changes in the relative price of the goods exactly compensate
changes in their relative supply. As a result, investors are perfectly insured even without
trading financial assets. Another consequence is that the payoffs of the two equity assets are
perfectly correlated, so that the portfolio choice of international investors is indeterminate.'”
Further, an economy with unit elasticity of substitution across goods satisfy the conditions
of the no-trade theorem in Berrada et al. (2007), so that there is no trade in equilibrium,
resulting in no realistic international capital flows and no nontrivial portfolio rebalancing.
Taken together, those reasons make this case peculiar, and I instead focus on the more

general environment in which 6 # 1, which has received less attention.

Second, the home bias in consumption, captured by parameter o > %, is well-established
in international economics, and turns out to be a core driver of economic outcomes in the
model. It can be seen as a simple preference parameter on the part of investors, or as a
reduced-form way of capturing various goods market frictions such as trade costs (Coeur-
dacier, 2009). The home bias in consumption introduces a fundamental degree of hetero-
geneity across investors, even absent asymmetries, that underpins the determination of risk
premia and portfolios in this economy. Note also that without home bias, investors would
consume identical baskets so that the real exchange rate —a key quantity in an international

context— would be constant, & = 1.

The domestic investor allocates a share wy,; of her wealth to the domestic equity asset,
earning an expected risk premia pp; — 74, a share wy, to the foreign equity asset, earning
fegx ¢ — 1y, and the rest (1 —wyp —wy,) to the international bond, earning the riskfree rate r;.
She uses the proceeds to purchase her desired basket of consumption ¢, = Cy/W;, at price

P,. In other words, she chooses her consumption and portfolios to maximize (3) subject to

For instance, § = 1 in Pavlova and Rigobon (2007, 2008, 2010), Colacito and Croce (2013), Maggiori
(2017), or Colacito et al. (2018, 2019), among others. Note that Cole and Obstfeld (1991) also show that
Pareto optimality can obtain under financial autarky even when introducing investment and production.
This, however, additionally requires log preferences, i.e. that ¢ =~y = 1.

17T discuss this case in more detail in Sauzet (2022a). Interestingly, another consequence of the equity
assets being perfectly correlated is that markets are dynamically incomplete when the investors can only
trade the two equity assets and a bond, as discussed in Ehling and Heyerdahl-Larsen (2015, 2017). Despite
this fact, investors are perfectly insured via changes in the relative goods price.
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the following budget constraint

dw,

W = (Tt + wh,t (MR,t — Tt) + U)th (MR*,t — Tt) — Ptct) dt (5)
t

T —
+ (whthR,t + wf,to-R*,t) dZt

The impact on the budget constraint of introducing imperfect financial integration and
labor income of the form considered in this paper is discussed in Section 2.4. Finally, to
complete the definition of the optimization problem, the investor is subject to a standard

transversality condition, and W) is given. Note also that W, > 0.

The problem solved by the foreign investor is similar, and is shown in Appendix A.3.
Importantly, all parameters can differ from those of the domestic investor. I make use of this
aspect to introduce asymmetries in risk tolerance in order to capture the role of the United
States in what follows (Sections 3-5).

2.3 Equilibrium and state variables

The definition of the equilibrium is standard: (1) investors solve their optimization problems
by taking aggregate stochastic processes as given, and (2) goods and equity markets clear.
It is shown in Appendix A.5. The bond market clears by Walras’s law, which gives rise to
the following useful relationship: W; + W = Q; + Qf. In words, world wealth has to be

held in the form of the two equity assets in aggregate.

Stationary recursive Markovian equilibrium Most importantly, the equilibrium can
be recast as a stationary recursive Markovian equilibrium in which all variables of interest
are expressed as a function of a pair of state variables X; = (x4, ;)’, whose dynamics are
themselves solely a function of X;. x; is the wealth share of the domestic investor, and y; is

the relative supply of the domestic good.'® Both are defined below.

18Formally, this is shown using a guess and verify approach like, e.g., in Géarleanu and Panageas (2015).
The variables of interest are {cp, ¢y, c;t, c?,t, Wty Wty W 4, wf;,w BRts PR% > Tty Fro FY, pey 0F, P,
PF, qi, &}. The fact that all those variables can be expressed solely as a function of the two state variables,
X = (x4,y:)', stems mostly from the use of continuous-time methods (as well as homothetic preferences).
This highlights the value of such methods when studying portfolio choice and asset pricing problems, and
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The characterization of the solution as a system of coupled algebraic and second-order
partial differential equations is the focus of Section 3, and additional results and details are
provided in Sauzet (2022a). For now, let us discuss the intuition behind both state variables.
Note that an additional quantity, which is not a state variable per se but is useful throughout,
is z;, the ratio of the home equity price to world wealth. It corresponds to the weight of the

domestic asset in the market portfolio, and it can be shown that

_ @ _ ﬂ 1—y !
:Qt+Q2‘_(H<Ft*>%( m )> ®)

Wealth share The wealth share of the domestic investor captures the allocation of world-

2t

wide wealth, and is therefore a measure of the average investor in the international economy.

It is defined as
Wi

=__ 't 7
Wy + W (7)

Ty

Importantly and contrary to a large subset of the literature, the wealth share is not con-
stant, even under perfect risk sharing. This is due to the combination of non-log preferences,
and home bias in consumption. Intuitively, the wealth share captures Negishi weights, which
are time-varying in this setting.!” In addition, the wealth share is not purely a function of
current fundamentals, again even under perfect risk sharing, so that it is required as an
additional state variable. The latter comes from the combination of investor heterogeneity

and recursive preferences.

Relative supply The relative supply of the domestic good is the domestic output share.

It captures the effect of current fundamentals and is defined as

Y,

=__ ' 8
Vi Yy ®

Yt

is one of the reasons why the framework in this paper advocates for continuous time in that setting. Note
that, as expected, obtaining certain variables in levels, e.g. C; = ¢;Wy, requires knowing the value of the
output in both countries, Yy, ¢, Yy ;.

YFor a discussion, cf. e.g. Dumas et al. (2000), Anderson (2005), or Colacito and Croce (2013).
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This variable has received more attention in the international portfolio choice literature.?"

It is for instance closely related to real exchange rate hedging, as discussed e.g. in Coeurdacier
(2009) and Coeurdacier and Rey (2013).%" The appeal of the framework is to make it possible
to study (i) the role of that variable in a more general context with recursive-CES preferences
and financial frictions, (ii) how the dynamics of y; matter beyond the symmetric point that
is the typical focus under low-order local approximations in the literature, and (iii) how the

relative supply interacts with the allocation of wealth captured by x;.

Note that because W, > 0 and Y; > 0, z; and y; are both evolving in the bounded interval
[0,1]. This has the advantage that solving for unknown functions on a bounded domain is
numerically more stable. Conceptually, as x; gets closer to either of the boundaries, the
economy converges (continuously) to a natural one-investor environment, while as y; gets
closer to either of the boundaries, the economy converges to a one-good one-equity asset

economy.

Throughout, I focus on the solution to the decentralized, i.e. Radner, equilibrium instead

of relying on the social planner’s problem.??> When markets are complete and risk sharing is

2ONote that the ratio involves quantities of the two different goods. This poses no particular theoretical
issue and is used because it simplifies the characterization of the equilibrium. This definition is a monotonic
transformation of Y;*/Y;, 3 = (1 + Y;*/Y;) ™", which ensures that the state variable evolves in the bounded
interval [0,1]. Y;*/Y; has the clear interpretation of the output of the foreign good per unit of domestic
good. An economic intuition is that one compares the economy to the symmetric point in which relative
prices are ¢z = & = 1.

2In this economy, the mapping between relative supply, y;, and real exchange rate, &, is not one-for-one
because the allocation of wealth, z;, also impacts &. However, the quantitative impact of the relative supply
on & still vastly dominates (cf. Figure 8).

22The existence and uniqueness of the equilibrium is guaranteed, for instance following the work of Duffie
and Epstein (1992), who use partial differential equation techniques to prove them in an infinite-horizon
Markov diffusion setting with stochastic differential utility, or Chabakauri (2013) and Bhamra and Uppal
(2014), who do so constructively for economies with heterogeneous agents and incomplete/complete markets,
respectively. Both are also shown in situations with potentially dynamically complete markets (i.e., when
the number of securities with non-colinear payoffs is equal to one plus the number of risk factors (Brownian
motions) to be spanned) using a planner solution in Anderson and Raimondo (2008), and under complete
markets with a full set of Arrow-Debreu securities in Hugonnier et al. (2012). As has been known since
the seminal example of Hart (1975), the introduction of multiple goods could complicate the matter, for
instance because markets can become dynamically incomplete even if the number of assets should technically
be sufficient to span risks. Those multiple-good contexts are discussed e.g. in Berrada et al. (2007), and
Ehling and Heyerdahl-Larsen (2015, 2017), again through the lens of the Pareto efficient allocation obtained
from a social planner. In the context of this paper, existence and uniqueness obtain provided that 6 # 1.
Further studying the theoretical properties of the equilibrium in this decentralized setting with multiple
goods represents an interesting avenue for further research.
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perfect, both solutions must coincide.?® However, one of the advantages of the decentralized
solution —that is, of characterizing the solution directly as a function of the wealth share— is
that the approach remains valid including in situations in which risk sharing is imperfect, and
markets are incomplete. In other words, it can be used even when the planner solution can
no longer be applied. This is the case when I introduce financial market frictions below. This
will also prove useful for further applications and extensions of the framework (Section D.3).
An additional benefit is to put the solution closer to observable quantities —e.g. wealth and
output shares, or portfolios—, an aspect that I use when comparing the model to empirical

evidence in Sections 4 and 5.

2.4 Additions

Together with the general preferences discussed above, the framework accommodates two
important additions: imperfect financial integration, and a stylized form of labor income.
I discuss the former below, and the latter, which draws on Baxter and Jermann (1997), in
Appendix A 4.

Market structure and imperfect financial integration In the environment described
so far, markets are potentially dynamically complete in the sense of Anderson and Raimondo
(2008). That is, the number of securities is at least one more than the number of independent
sources of uncertainty and they can therefore span all risk. In such a setup, risk sharing is
perfect, and the decentralized equilibrium is Pareto efficient and corresponds to the planner’s

problem.

In practice however, investing internationally comes with a number of frictions —informational,
legal, technical, etc.—, so that the risk sharing between international investors is likely to be
imperfect. This aspect is relevant in this context because as this happens, the impact of the
worldwide allocation of wealth, which is one of the novel element and is captured by z;, is

likely to be amplified.

2In Sauzet (2022a), I show that this is indeed the case for instance under symmetric CRRA preferences.
I also check the solution in that case with Monte-Carlo simulations. Solving for the planner solution can
potentially be extended to recursive preferences in a Markovian setting, following Dumas et al. (2000).
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To study this friction, I introduce imperfect financial integration in a parsimonious way
as a wedge (“tax”) on foreign dividends, adapting Bhamra et al. (2014) to a non-log two-
good context with home bias.?* The assumption allows to study the effect of a range of
financial integration degrees without having to take a specific stance on the source of the
underlying imperfections. This wedge is meant to encompass the wide array of frictions
that prevent investors from freely participating in foreign markets.?> Note that the spanning
condition above remains verified in that the number of securities is still one more than the
number of independent sources of uncertainty. As a result, investors still individually face
markets that are dynamically complete. However, the opportunity sets that they face are
now different due to the wedge that differentially affects the assets for each of them, so that
the equilibrium need not be Pareto efficient and the usual planner solution that has been
pervasive in the international finance literature cannot be used.?® In contrast, this is not
an issue in this framework given that, as mentioned previously, I solve for the decentralized
version of the equilibrium. Relatedly, the stochastic discount factors of the two international
investors are no longer perfectly correlated, and risk sharing is therefore imperfect. This is

precisely what the wedge is aiming to capture.?”

Concretely, each investor pays a tax 7 (7*) on foreign dividends. For instance, the
domestic investor only receives a dividend (1 — 7)p;Y,* per share of the foreign equity asset
(of which she holds w;;W;/QF) because she pays 7p;Y,* as a tax. As a result, the risk
premium on the foreign asset faced by the domestic investor and therefore appearing in her
budget constraint becomes pp+; — 1, — 7F;, while the risk premium on the domestic asset
faced by the foreign investor and appearing in his budget constraint becomes pp; —1r; — 7 F}.
This highlights the role of dividend yields in driving the effect of the tax, a point that is

24Cf. also the seminal contribution of Basak and Gallmeyer (2003), who study a dynamic asset pricing
model with asymmetric dividend taxation in a one-investor one-tree one-good setting. The friction could
also affect the diffusion of asset returns, which could also capture effects about information and uncertainty
in the spirit of Gehrig (1993). I leave this exploration for future research.

25 As shown in Garleanu et al. (2020), models with investment taxes constitute an equivalent, but substan-
tially simpler, way to capture a rich set of impediments to financial trade.

26Cf. Basak and Gallmeyer (2003) for details. In simpler cases, e.g. with log preferences, one good and no
home bias, one could potentially use a weaker notion of social planner to solve the equilibrium by introducing
time-varying Pareto weights, & la Cuoco and He (1994), Basak and Cuoco (1998).

2TExtensions introducing fully incomplete are promising avenues for future research. They could take the
form of time-varying wedges, idiosyncratic labor income as in Kaplan et al. (2018), or capital risk as in
Brunnermeier and Sannikov (2014, 2015).
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important in practice as discussed in Sauzet (2022a). The amount of tax collected from one
investor is rebated lump-sum to the other investor, so as not to distort decisions further.
The exact details of this rebate do not make a material difference, as discussed in Bhamra
et al. (2014). In terms of budget constraints, the domestic investor receives an additional
wy (1 — 2;)7*F;/7; per unit of wealth each infinitesimal period, while the foreign investor

receives wyx, TE /(1 — ).

2.5 Computation of the equilibrium

All variables of interest can be characterized as a function of the state variables, X; = (x, y;)’,
and a set of unknown functions G = {J;, J}, Fy, Fj*, ¢, wny, wy}.*® Due to the stationary
recursive Markovian structure of the equilibrium, the unknown functions are themselves
solely functions of X;, and are determined by a system of coupled algebraic and second-
order partial differential equations. This theoretical characterization is the focus of Section
3, and additional results and details (including on the numerical method) are provided in
Sauzet (2022a).

Each of the unknown function g : [0,1]> — D9 € R in G is approximated using projection
methods based on Chebyshev polynomials and orthogonal collocation. This yields a global
solution to the equilibrium, which is one of the key technical innovations in the paper, and

on which I rely heavily throughout. Appendix C briefly discusses some of its advantages.

3 Characterization of the Equilibrium

[ now characterize the general equilibrium theoretically. I focus on asset prices and portfolios,
and show how they depend on the two state variables: the wealth share of the domestic (U.S.)
investor, x;, and the relative supply of the domestic (U.S.) good, y;. Home bias in equity
holdings obtains like in the data for instance due to imperfect financial integration, or when

the elasticity of substitution across goods is low. In all cases, the bias in portfolio holdings

28 J,, J}* capture (an increasing monotonic transformation of ) the marginal values of wealth of each investor.
In addition, as a point of notation, for any function g, g; simply denotes g(X;), not the time-derivative of g
(which is zero because the model is stationary due to the infinite horizon).
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is amplified by the hedging of wealth share risk. The solution draws on Sauzet (2022a), who
provides details and further theoretical results e.g. on marginal values of wealth, consumption
and the relative price of goods, and the law of motions of the state variables.?? The dynamics
of all variables play a central role, emphasizing the relevance of the global solution, and are

also discussed in Sections 4 and 5. Appendices A and B provide additional details.

Calibration Parameters are set according to the calibration of Assumption 1, unless oth-
erwise specified. The elasticity of substitution across goods, 6, partly determines the sign
of portfolio biases in the absence of financial market frictions. Our benchmark is a value
of § = 2, consistent with recent estimates e.g. in Imbs and Méjean (2015). The elasticity
of intertemporal substitution, 1, has a limited effect on most variables, but turns out to
be a strong determinant of the quantitative impact of imperfect financial integration. Our
baseline is 1) = 1/2, in part to obtain a plausible riskfree rate.*® Financial frictions are set
to a mild level of 7 = 15%, which are enough to deliver a home bias in equity holdings in
this setting. Below, I briefly discuss the impact of a lower § = 1/2, or of a higher ¢ = 2,
among others, and Sauzet (2022a) provides additional details on the impact of the calibra-
tion. Asymmetric risk aversion (7 = 8 < * = 15) allows to capture the special role of the
U.S. as the world banker in the international financial system, in the spirit of Gourinchas
et al. (2017) and Maggiori (2017). It is the focus of Sections 4 and 5. I discuss the level
of risk aversion itself when presenting risk premia below. The home bias in consumption

a = 0.75 > 1/2 is consistent with the import share in world GDP.?! Other parameters are

29For instance, I show in Sauzet (2022a) that value functions are given by

()
W(*)l—"/ 1~ (%)
1t— (%) T @y, ) 1000 (9)

V(*) (Wt(*)a T, yt) = (

I call Jy, Jif the marginal values of wealth of both investors. Those unknown functions solve two Hamilton-
Jacobi-Bellman equations, shown in Appendix A.6. They are one of the main drivers of stochastic discount
factors, and therefore of asset prices, portfolios, and risk sharing in this economy. Similarly, the charac-
terization of the law of motion of state variables, and consumption and goods prices, are summarized in
Appendices A.7 and A.8.

39The model does not feature long-run risk or disaster, so having 1 > 1 is not a requirement, contrary to
Bansal and Yaron (2004) and related contributions.

31The share of imports to GDP varies significantly across countries. For instance, in recent years in data
from the World Bank, it is around 15% for the United States, 30% for the United Kingdom, 45% for the
European Union, and close to 60% for Switzerland. I stick to the world average of around 25%. Focusing on

19



standard.

Assumption 1 (Baseline calibration). Unless otherwise specified, theoretical results are ob-

tained under the following calibration

o Risk aversion: v =8 < ~* = 15,

e FElasticity of intertemporal substitution: ¥ = p* = 1/2,

e Home bias in consumption: o = o* = 0.75, numéraire basket: a = 1/2,

o KElasticity of substitution between goods: 0 = 0* = 2,

e Discount rate: p = p* = 1%,

e No labor income: 6 = 6* = 0,

e Frictions in financial markets: T = 7 = 15%,

o Output: py = pt = 2%, 0y = (41%,0)7,0% = (0,4.1%)" (in annual terms, no

fundamental correlation).

3.1 Asset prices

I first discuss the first and second moments of asset prices in this economy.

Risk premia Proposition 1 presents the expected risk premia on the domestic and foreign

equity assets.
Proposition 1. The expected risk premia on domestic and foreign equity assets are

1—=z
KRt — Tt = %oﬁtom + % (Tt) T, — %Ug,ﬂj’t (10)

z
HRxt — Tt = ’Ytag*,taw,t + e (i) TF — ’thfgmaj,t (11)

where

a lower value like that of the U.S. would reinforce the home bias in consumption, and therefore the hedging
terms and heterogeneity that stem from it. Introducing asymmetries in home bias (i.e., a # a*) could also
prove interesting, and would reinforce asymmetries and therefore the role of the wealth share, x;. Those are
interesting avenues for further explorations.
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and v is the wealth-weighted global risk aversion, Wt 15 world wealth, J, is the world wealth-

weighted marginal value of wealth, and o, 05%, are the geometric diffusion terms of Ji, Jj*

obtained as in Remark A.1 in Appendix.

The intuition for the different components is as follows. It highlights the importance of

capturing dynamic aspects to explain prices of risk and risk premia.

The firm term is a market component that is driven by the covariance of equity returns
with global wealth (recall that z; = @/ (Q¢ + QF) is the weight on the domestic U.S. asset in
the market portfolio). Intuitively, an asset for which this covariance is large is a bad hedge
because its returns are large when global wealth is already large, i.e. when it is not valuable
for the world economy. Such an asset is therefore risky, and commands a high risk premium

in equilibrium.

The second term relates to imperfect integration and frictions in financial markets. Al-
though I do not directly proxy for it in the empirical analysis (Section 5), greater frictions
in financial markets lead to a reinforced quantitative impact of the wealth share (cf. Sauzet,
2022a for details). The fact that the proxy for wealth share risk will play an important role
empirically is therefore a sign that frictions in financial markets are likely to be relevant in

practice.

The third term is a hedging component that is driven by the covariance of equity returns
with the world wealth-weighted marginal value of wealth, J, = x4 J, + (1 —x¢)J. Intuitively,
an asset for which this covariance is large provides an insurance because its returns are
large when Jy is large, i.e. when the average world investor values it most. Such an asset

is therefore a good hedge, and commands a lower risk premium in equilibrium (note the
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negative sign). This component can in turn be decomposed as follows

1 1=\ Jos 1 1—~* g,
T T , T,
TVOR#) 105 = — VtOR(x) 1Ozt Lt {l’t (;) <m) Tt + (1 - ﬁt) (?) <1 g J_t*

1 1=\ Jyu 1 1—*\ JF,
ol N (2wt — —=
VO R 1 Oy tYt {xt (wy) (1 —w) Ji T (1=a) <’Y*) (1 —w*) Jf

(13)

The first piece of this third term stems from the hedging of wealth share (z;) risk by both
investors, which constitutes the second factor of risk in addition to the market component.
In equilibrium, the price of this risk is negative, so that an asset whose returns comove with
the domestic U.S. wealth share is a risky asset and commands a higher risk premium. This
is consistent with such an asset paying when the U.S. investor, who is more risk tolerant,
is larger in world wealth so that less compensation for risk is required and the asset is less
valuable a hedge. Empirically, this corresponds to periods of relative calm, as opposed to
turbulent global crises in which the U.S. wealth share (z;) decreases (a point we return to
in Section 4, Fact 1). Note that this hedging term is distinct from the effect of x; through
risk aversion +;, which impacts the prices of risk on all factors: it corresponds to a hedging
of those changes in risk compensation. The hedging of x; also embeds the fact that changes
in the share of wealth held by each investor have an impact on the relative prices of goods
as well. However, this effect is more muted, and the relative prices of goods play mostly
through the second piece below.

The second piece of the third term stems from the hedging of the relative supply of the
U.S. good (y;) by both investors, and constitutes a third factor of risk. Because relative
supply strongly (negatively) drives relative prices (cf. Figure 8, and Sauzet, 2022a), this is
in the spirit of the real exchange hedging that has been discussed in the literature. The
price of that risk depends on which investor dominates the economy. As the U.S. investor
gets larger in world wealth (z; increases), her concern for hedging states of the world in
which her preferred U.S. good is rare (low relative supply y;, high relative price of that good
and high U.S. real exchange rate) starts dominating. In that case, the price of y; risk is
positive (i.e., the price of real exchange risk, which is negatively related to relative supply,

is negative). In other words, an asset that pays when the relative supply of the U.S. good
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is low is a good hedge, and commands a lower risk premium on average, while an asset
that pays when the relative supply is high is unattractive, risky, and commands a higher
risk premium. When the foreign investor starts dominating however, the pattern is reversed
and the price of relative supply risk is negative (i.e., the price of real exchange rate risk is
positive). Overall, the price of relative supply risk can therefore strongly vary with z;. In
the baseline calibration, it is broadly negative around a U.S. wealth share of 20 to 40% like
in the data, although it can turn positive as the relative supply gets relatively small. In

other words, the price of real exchange risk is likely to be broadly positive.

In practice, Equations (10)-(11) therefore imply a beta-presentation for risk premia with
three factors: a market component, wealth share risk (x;), and relative supply risk (y;). It
is shown in Proposition 2, together with the predictions for prices of risk discussed above.

Equation (14) is the basis for the empirical analysis of Section 5.

Proposition 2. The expected risk premium on any asset j follows a beta-representation

PRt — Tt = it + it + Bjatdat + Byt + Eje (14)

Denote dRpyry = zdRy + (1 — 2)dR} the return on the market. The quantities of risk are
defined as

cov, (dRj4, dx)

vary(dzy)

cov, (dR; ¢, dyy)
vary(dy;)

covy (dRjy, dRpr¢)
vary(dRpt)

/Bj7:r)t = ? /Bj?yvt = ) /8.]7M7t =

The predicted prices of risk are

e )\, > 0 throughout the state space, i.e. for any X; = (x4, y:) € [0,100%]?,
e )\, < 0 in the relevant region of the state space, i.e. X, € [20%,40%]?, but can turn

positive 1n some states.

Figure 1 shows the results in the baseline calibration, for a U.S. wealth share of x; = 30%
like in the data (Fact 1). The risk premia on both assets are driven primarily by the com-
mon market component. For the domestic asset for instance (Panel (a)), the risk premium
increases as the domestic good becomes dominant (y; increases), because the domestic asset
incidentally starts to dominate global wealth (z;, its weight in the market portfolio, increases)

and is therefore risky. The pattern is broadly symmetric for the foreign asset (Panel (b)), and
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the risk premia on both assets also increase when the opposite good becomes dominant due
to imperfect good substitutability. In practice however, those effects of the relative supply
are dwarfed by that of the wealth share x;: the risk premia on both assets strongly increase
as xy, the share of wealth held by risk-tolerant U.S. investors, decreases. This evolution is
at the core of the Global Financial Cycle in risk premia. It is discussed in Section 4.3, and

shown in Figure 7.

Figure 1: Risk premia
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Notes: Based on the baseline calibration of Assumption 1, except for the specified risk aversion. The figure
shows a cut in which the share of worldwide wealth held by the domestic investor is consistent with that
of the United States in the data (x; = 30%, Fact 1). y; is the relative supply of the domestic good, which
captures fundamentals.

In terms of magnitude, risk premia are sizable. Although they are lower than in the
data in the baseline calibration, which is expected in a consumption-based asset pricing
framework, they can be made close to their historical empirical values by increasing risk
aversion v or by considering that equity assets are leveraged claims on the endowments of
both countries. For instance, risk premia reach around 4 to 6% annually for v = 40, v* = 55

at 7, = 30%, and increase further as z; decreases.>® In the baseline calibration however, I

32Risk premia can also be made to reach higher values by introducing additional elements, e.g. consumption
habits a la Campbell and Cochrane (1999). However, this comes in part because average risk aversion is
much larger in such settings, and is therefore broadly equivalent to increasing -y itself for the purpose of this
economy. For instance, an average risk aversion of 40 or 50 is relatively common in the habit literature. I
leave those further extensions, e.g. following Verdelhan (2010) and Stathopoulos (2017), for future research.
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remain conservative and stick to the moderate values of Assumption 1 (y =8 < ~* = 15).
The interest rate on the riskfree bond (Figure 7) and Sharpe ratios (Figure B.2 in Ap-
pendix) are broadly consistent with their historical averages (e.g. in Jorda et al., 2019a), and
the evolution of the latter with the state of the economy closely mimics that of risk premia.
Finally, Figure B.4 in Appendix shows the prices of z;- and y,-risk, which are consistent with

the discussion above.

Second moments In the baseline calibration, the returns on each asset load more on their
own fundamental shock. For instance, Panels (a) and (b) of Figure 2 shows that the diffusion
of the domestic asset with respect to the domestic shock is larger for most X, than that with
respect to the foreign shock: og,; > og.+,. In practice, this is the case as long as movements
in the relative price of goods are muted in comparison to movements in the relative supply
of goods (Sauzet, 2022a), and the picture is broadly symmetric for the foreign asset. Those
patterns imply that the returns on the domestic (foreign) asset tend to comove positively
(negatively) with the relative supply of the domestic good, y;. In other words, the domestic
asset has a positive quantity of y;-risk in the baseline calibration, while it is negative for the

foreign asset, as shown in Figure B.5 in Appendix.

Figure 2: Second moments of returns
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Notes: Based on the baseline calibration of Assumption 1. z; is the wealth share, which captures the share
of worldwide wealth held by the domestic investor. y; is the relative supply of the domestic good, which
captures fundamentals.
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Interestingly, both assets still load on both shocks, despite no fundamental correlation
in the output of the underlying trees (oy,+ = oyx, = 0). In other words, a large correlation
between asset returns of around 0.7 emerges purely endogenously, as shown in Panel (c¢) of
Figure 2. This result stems from the combination of movements in the relative price of goods
and in the allocation of wealth, which in turn play a role because of the general recursive-
CES preferences of investors. It suggests large endogenous contagion channels taking place

through financial markets in this economy.

Correlation and other second moments —e.g. (instantaneous) volatilities shown in Figure
B.3 in Appendix— also change with X;, pointing to the fact that the diversification benefits
provided by both assets evolve endogenously. Namely, in the region of the state space relevant
empirically, X; € [20%,40%]?, they increase as the U.S. wealth share x; and output share
yy decrease, which is the case in times of crisis (Fact 1). In other words, second moments,
together with risk premia and Sharpe ratios, are countercyclical, as observed empirically
(Fact 9, Section 4).

3.2 Portfolios

The portfolios of both investors are in the spirit of Merton (1973), and are summarized in
Proposition 3. As an example, the weight on the domestic U.S. asset in the domestic U.S.
portfolio, wy+, as well as its underlying components, are shown in Figure 3. The patterns
for other equity portfolio weights, wy;, wj ,, w},, the weights invested in the riskless bond,

b:, b, and the market portfolio, z;, are shown in Figure B.6.

Proposition 3. The portfolios of the domestic and foreign investors are

nt L sy PRt =Tt (1_7) T(th Syt )
(wf,t) ¥ ( t t) { (MR*,t - TFt*> 1— 1 t 7, tO0xt 7, YOy t

bt =1- wh7t - wﬁt (15)
w;t 1 T -1 Wrt — T — T} 1—~* T J¥, J;t
<w;7t> ,y* ( t t) [LRss — T 1 — ¢* t Jt* tOzx,t Jt* YOyt
by = 1= wiy —wj, (16)

where ¥y = [0t Opw .
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Equity portfolios feature three main elements. The first one is a global common compo-
nent, which corresponds to the myopic portfolio that would be chosen by a mean-variance
or log investor. This piece drives the overall shape of the portfolios of both investors with
the state of the economy, X;. The second element, captured by 7F}, 7*F}, stems from fric-
tions in financial markets. Finally, the third element are hedging terms, which are driven
by the comovements of the marginal value of wealth of each investor J;, J;* with the state
of the economy X;. Through those, investors aim to insure against changes in X; that they
particularly dislike, that is, states in which their marginal value of wealth is high. Hedging
terms are particularly relevant in this economy with heterogenous investors (both in risk
aversion and consumption bias), because they drive the differential tilt of the portfolios of

both investors.

Figure 3: Components of the domestic portfolio

(a) Domestc weight in (b) Common component  (c) Hedging of x; (d) Hedging of y;

domestic asset (wp, ) (including wedge) component component

0 02 0.4 06 08 1 [} 02 04 06 0.8 1 0 02 0.4 06 08 1 "o 02 04 06 08 1

Notes: Based on the baseline calibration of Assumption 1. z; is the wealth share, which captures the share
of worldwide wealth held by the domestic investor. y; is the relative supply of the domestic good, which
captures fundamentals.

The combination of those elements yields average portfolios in the baseline calibration
that are in line with empirical observations. Namely, like in the data, the weight on U.S.
equity assets in the portfolio of U.S. (rest of the world) investors is around 65-70% (8-15%)
in the model, in the region of the state space that is relevant empirically, X; = (z;,y;)" €
[20%,40%]? (cf. Fact 1). Similarly, like in the data, the home bias in equity holdings for
the U.S. (rest of the world) investor when compared to the market portfolio, z;, is around
55% (65%). This is remarkable given that the model remains stylized, and highlights that
allowing for general recursive-CES preferences together with financial frictions goes a long

way. In particular, a mild degree of frictions (7 = 15%) is enough to overturn the foreign bias
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in equity holdings that could obtain from the hedging of relative supply risk under perfect
risk sharing, and this is partly driven by the hedging of wealth share risk x;.

Additional details on the underlying drivers of portfolios, and the impact of various
aspects of the specification, are provided in Sauzet (2022a). For instance, the elasticity
of substitution across goods, 6, determines the magnitude of movements in the relative
price of goods, ¢;, in comparison to movements in the relative supply of goods, %,. This
relative magnitude in turn underpins movements in the relative dividends of the two assets,
Yy (pFY*) = q; 'y:/ (1 — y;), which are important for the direction of portfolio biases. For
example, a home bias can obtain without financial frictions with a low # < 1, although such
values are not consistent with standard estimates (cf. e.g. Imbs and Méjean, 2015) and have
counterfactual implications for relative dividends.?* Second, the impact of financial market
frictions, 7, 7*, depends on the elasticity of intertemporal substition, v, via its effect on the
magnitude of dividend yields, F}, F}*. Lastly, note that a third possible way to obtain home
bias in equity holdings, among others, is to assume that the preferences of investors feature

a tilt towards a particular asset that they appreciate, as in Sauzet and Zerbib (2022).

Portfolio weights, and how biased they are with respect to the market portfolio (z;), are
also inherently time-varying, as shown in Figure 3. This aspect can be studied thanks to the
global solution proposed in this paper, and the model has clear predictions for the impact
of changes in X; on portfolios. Section 5.1 below discusses those dynamic predictions, and
compares them to the evolution of portfolios empirically. It also provides additional details

about the underlying data and measures.

3.3 Imperfect financial integration, investor heterogeneity

The allocation of wealth across investors, x;, is one of the new important elements put
to light by the framework. Together with the relative supply of goods, ¥, it is central
to the replication of stylized facts in Section 4. In turn, the quantitative impact of x;
is magnified by (i) the heterogeneity of investors including asymmetries in risk tolerance,

and (ii) the imperfect risk sharing that arises due to imperfect financial integration. Both

33Namely, 6 < 1, implies immiserizing growth, that is, that dividends at market value, p;Y;/ (p}Y;*),
decrease when relative output, Y;/Y;*, increases. Coeurdacier (2009) discusses the impact of 6 further.
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make the identity of who holds most of world wealth matter more. This highlights the
value of the framework proposed in this paper because (i) and (ii) are made possible by the
introduction of general recursive-CES preferences with potential asymmetries, and studying
the dependence of economic variables and their dynamics on X, is made possible by the
global solution. Sauzet (2022a) provides additional details on those aspects. For instance,
the paper shows that the hedging of wealth share risk is quantitatively important even under
perfect risk sharing and symmetric preferences, provided that the heterogeneity stemming

from consumption bias, «, is large enough.

4 The International Financial System

The framework explains several important dimensions of the international financial system.
I start by summarizing those empirical findings in Section 4.1. The domestic country is taken
to represent the United States, the country at its center, and U.S. investors have higher risk
tolerance in international markets (v = 8 < v* = 15). This asymmetry naturally captures
the U.S. role as the world banker, and introducing it in this general equilibrium setting
replicates stylized facts about the international financial system on average (Section 4.2),

and in its dynamics (Sections 4.3).

Most importantly, the model can rationalize a Global Financial Cycle in risk premia and
the so-called Reserve Currency Paradox. Those two phenomena have received considerable
attention in the literature and have been puzzling from the perspective of existing models.
In contrast, they emerge naturally in this economy, and in a way that is consistent with the
large decrease in the U.S. wealth share and U.S. output share observed empirically in times

of global crisis (novel Fact 1).

Note that while some of those facts can be replicated by specific models in the literature,
one of the main appeals of the framework is that they all emerge jointly and naturally here.
This requires only two ingredients: (i) take the role of the U.S. as the world banker that
has been discussed in the literature, and (ii) introduce it in an international portfolio choice

framework, provided that it is general enough as proposed in this paper.

In Appendix, I discuss additional dynamic aspects (Section D.1, Facts 8 and 9), as well as
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longer-term trends (Section D.2, Facts 4, 10 and 11), that the model can shed light on. I also
mention possible extensions in Section D.3. The dynamics of portfolio weights is discussed

together with empirical evidence in Section 5.1.

4.1 Stylized facts

I start by documenting the novel fact that the share of world wealth held by the United
States has tended to strongly decrease throughout the 2007-2008 global financial crisis and
subsequent years, the main global crisis in the last two decades (Fact 1).>* The U.S. share
of world GDP also declined over the same period. Those patterns broadly support the
mechanisms through which the model can jointly rationalize the several other stylized facts
about the international financial system that have been documented in the literature, and

which I summarize next (Facts 2-11).

Fact 1 (Empirical patterns of the state variables X;). Empirically, the share of world wealth
held by the United States (x;) strongly decreased throughout the 2007-2009 global financial
crisis and subsequent years, and gradually started increasing back as it got resolved. The
U.S. share of world GDP (y;) also declined over the same period.

This novel fact is shown in Figure 4, which plots both the U.S. share of world wealth (z,
Panel (a)), the U.S. share of world GDP (y;), and the deviations from their trends (Panels
(c) and (d)).*

34The underlying data are unfortunately only available from around 2000 onwards (depending on the
series), so that the 2007-2008 financial crisis is the only global crisis in the sample. Because capital flows
and the net foreign asset positions of countries, e.g. the U.S., were much more moderate in magnitude in
the past however (cf. for instance Gourinchas et al., 2017), this is also the most representative of the type
of global crises that the model aims to capture.

35The trend is extracted using a STL decomposition, i.e. a Seasonal-Trend decomposition using LOESS
(Locally Estimated Scatterplot Smoothing). This approach is standard in the time-series literature, and is
used to decompose a series into three components: trend, seasonal, and residual. The deviation from trend
is the sum of the residual and the (small) seasonal component. This method has the advantage of being
robust, notably to outliers, and of allowing for a flexible trend. The pattern is similar when using simple
growth rates (dzi/x¢, dy:/y:), as shown in Appendix E.1.
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Figure 4: Empirical patterns of the state variables X; = (x4, y;)’

(a) U.S. share of world wealth () (b) U.S. share of world GDP (y;)
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Notes: x; is measured as the share of world wealth held by U.S. households. Wealth is defined as the
marketable value of financial assets plus non-financial assets (principally housing and land) less debts. World
wealth includes all countries for which appropriate data is available. Data is from Davies (2008), Davies et al.
(2011), and as updated in Crédit Suisse (2021). y; is measured as the U.S. share of world GDP in current
U.S. dollars. Data is from the World Bank. Alternative measures shown in Figures E.1 to E.6 in Appendix
display similar patterns. The dashed gray curves are trends extracted from standard STL decompositions.

xy is measured as the share of world wealth held by U.S. households, where wealth
is defined as the marketable value of financial assets plus non-financial assets (principally
housing and land) less debts. World wealth includes all countries for which appropriate data
is available. The data covers 2000-2020, and is from Davies (2008), Davies et al. (2011), as
updated in Crédit Suisse (2021). It constitutes one of the main and most comprehensive

sources on global wealth allocation available. The measure is particularly adequate as the
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empirical equivalent of state variable z;, given that it focuses on the wealth held by house-
holds, which are the natural interpretation of the representative agent of each country in

this consumption-based asset pricing framework.

Most importantly, this pattern of z; broadly supports the mechanism through which the
model can jointly rationalize the stylized facts mentioned below. Focusing solely on financial
wealth (or non-financial wealth) yields the same pattern, as shown in Figures E.2 and Figures
E.3 in Appendix. Alternative measures constructed from the World Inequality Database
based on wealth measured as the market-value national wealth (Figure E.4) or market-value
net private wealth (Figure E.5) also display the same evolution for x; in the global financial
crisis.?® In addition, those measures highlight that the pattern for the wealth share also
occurred, although in a more muted fashion, following the (less severe) crisis resulting from
the 2001 dotcom-bubble burst.

The empirical equivalent of the relative supply (v;) is computed as the U.S. share of world
GDP in current U.S. dollars, using data from the World Bank. Panels (b) and (d) highlight
that the U.S. share of world GDP also declined over the 2007-2009 global financial crisis, in
particular in 2008 when the U.S. dollar spiked. This constitutes an important mechanism
supporting the rationalization of the Reserve Currency Paradox, as discussed in Section 4.3.
This mechanism is also consistent with the fact that, in times of crisis, U.S. GDP appears
to decline more than does the GDP of the rest of the world, as shown in Panel (d) of Figure
E.6.

Fact 2 (U.S. as world banker). The United States borrows from the rest of the world in
safe assets, and uses it to lever up its investment in risky assets worldwide, resulting in a

negative net foreign asset position. The country therefore plays the role of the world banker.
(Gourinchas and Rey, 2007b; Gourinchas et al., 2017)

Fact 3 (Exorbitant privilege). The United States earns excess returns on average on its
net foreign asset position, in particular in normal (non-crisis) times. (Gourinchas and Rey,
2007b; Gourinchas et al., 2017)

36The U.S. wealth share also appears to decrease at the onset of the global financial crisis when constructed
from a third approach, namely using data as in Jiang et al. (2022), based on 33 investor- and 31 issuer-
countries.
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Fact 4 (Home bias in equity holdings). The aggregate portfolio of the United States, as well
as that of most countries around the world, exhibit a strong bias towards domestic equity
securities. This bias has slowly decreased in recent decades. (French and Poterba, 1991;
Coeurdacier and Rey, 2013)

Fact 5 (Exorbitant duty). In times of crisis, the United States plays the role of the world
wnsurer, transferring wealth to the rest of the world. This exorbitant duty is the flip of its
exorbitant privilege in normal times, and is associated with a strong deterioration in the U.S.

net foreign asset position. (Gourinchas et al., 2017)

Fact 6 (Global Financial Cycle). Periods of global stress are characterized by risk-off sce-
narios tn which global risk aversion, as well as risk premia worldwide, spike up, and global
interest rates decline. (Rey, 2013; Miranda-Agrippino and Rey, 2020)*

Fact 7 (Reserve Currency Paradox). Periods of global stress are accompanied by a large
appreciation of the U.S. dollar, in contrast to the implication of existing models that pre-
dict a U.S. dollar depreciation when the wealth share of the U.S. world banker decreases.
(Gourinchas et al., 2017; Maggiori, 2017)

Fact 8 (International Financial Adjustment). Periods of strong deterioration in the net
foreign asset position of the United States predict higher expected risk premia on its external
balance sheet in the short to medium term, consistent with valuation effects playing a key role

in its external adjustment process. (Gourinchas and Rey, 2007a, Gourinchas et al., 2019)

Fact 9 (Countercyclicality of asset return dynamics). The (i) risk premia, (ii) Sharpe ratios,
(#1) volatilities, and (iv) correlation of risky returns are countercyclical, i.e. they increase
in times of crisis. This is true in particular in times of global stress. Those evolutions are
consistent with crises being periods in which not only the quantity of risk rises, but so does
the price of risk that is received as a compensation. (Among others, in the context of the
United States: for (i), (ii), (iii), cf. Lettau and Ludvigson, 2010; for (i), c¢f. Fama and
French, 1989, Ferson and Harvey, 1991, Harrison and Zhang, 1999, Campbell and Diebold,
2009; for (ii), cf. Harvey, 2001; for (i), cf. Schwert, 1989, Brandt and Kang, 200/)

3"Those contributions also emphasize the role of U.S. monetary policy for the Global Financial Cycle.
While this aspect cannot be addressed directly by the real model in this paper, this constitutes an interesting
avenue for future research.
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Fact 10 (Global trend in asset comovements). The comovement of equity prices worldwide
has increased over the last 150 years, and particularly rapidly in the past three decades. This
sharp increase goes beyond the growing synchronization in real sector variables, and is driven
i part by fluctuations in risk premia, which are themselves strongly impacted by fluctuations
in global risk appetite. (Jorda et al., 2019b)

Fact 11 (Global trend in interest rates). The real rate of interest has trended down globally
in recent decades. This evolution can be related to the relative size of the risk-tolerant world
banker (the United States) decreasing in the world economy. (Caballero et al., 2008; Hall,
2016; Gourinchas et al., 2017)

4.2 External portfolio and the exorbitant privilege

I first focus on facts about the international financial system on average.

The domestic country represents the United States, and the U.S. investor has higher risk
tolerance in international markets (y = 8 < +* = 15). This assumption is in the spirit
of Caballero et al. (2008), Gourinchas et al. (2017), and Maggiori (2017). It captures at
a high level the greater development and depth of U.S. financial markets, and the higher
participation of U.S. investors in equity markets, which both make the country as a whole

better able and willing to carry financial risks in the world economy.

Her higher tolerance for risk leads the U.S. investor to borrow from the rest of the world
in the riskfree bond, so as to lever up risky portfolio. Panel (a) of Figure 5 shows that
this borrowing is large. For instance, around z; = 30%, which corresponds to the share
of the United States in world wealth on average (Fact 1), the country borrows about 50%
(by = —0.5) of its wealth in international markets, so as to invest 150% of its wealth in risky
equity securities. As a result, the net foreign asset position of the United States is strongly
negative. The latter is shown in Panel (b) of Figure 5 and averages NFA;/W; = —30% at
xy = 30%. It is computed as the difference between the wealth invested in the foreign equity

asset and in the world bond by the domestic investor, and that invested in the domestic
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asset by the foreign investor. As a fraction of domestic wealth, this yields®

NFA,

t

1—
= Wy + by — wy < xt) (18)

Ty

Those results are consistent with the findings of Gourinchas et al. (2017), who document
a strongly negative net foreign position in safe securities for the United States, which uses
those safe liabilities to finance its investments in risky assets worldwide. In other words, the
model naturally replicates Fact 2 about the role of the United States as the world banker, or
more accurately, given the amount of leverage, as the world venture capitalist, as pointed out
in Gourinchas and Rey (2007b). Note also that both the amount of borrowing and the net
foreign asset position vary strongly with the state of the economy, an aspect that I discuss

below.
Figure 5: External position of the domestic country (U.S.)

(a) Share of bond in U.S. portfolio (b;) (b) Net foreign asset position (NFA;/W;)
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Notes: Based on the baseline calibration of Assumption 1. z; is the wealth share, which captures the share
of worldwide wealth held by the domestic U.S. investor. y; is the relative supply of the domestic U.S. good,
which captures fundamentals.

38The measure can also be expressed as a fraction of domestic output as follows

(oot (152)) (2) (452
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Relatedly, the model also reproduces the exorbitant privilege —i.e. the higher returns—
that the United States has benefited from on its external portfolio (Fact 3).

This is first visible by comparing the expected returns on the total portfolio of the
U.S. investor, fir; = Whilirt + Wreltre+ + bery, to that of the foreign investor, figx; =
Wy fipt + W s + b1y Panels (a) and (b) of Figure 6 plot both as a function of the
wealth share. The former is larger regardless of the state of the economy, with fig; = 4.9%
and fig+; = 3.9% on average, reflecting the riskier position taken by the United States that
is financed by borrowing internationally in the safe asset and earns higher returns in expec-
tation. Interestingly, this result highlights the fact that the United States borrows to invest
not only internationally but in its own domestic assets as well.

Second, the exorbitant privilege is also apparent in the returns on the external portfolio
itself. Here, the United States earns r{ = pp+, on its external assets, which are comprised
of the foreign equity asset, and pays on its external liabilities !, the weighted average of the
returns on the domestic equity and on the riskfree bond. The excess returns on the external

position are therefore

r¢—rl = gy — w—zt MRt + W r (19)
LT R wi, 407 ) T L wg b )

Panel (c) of Figure 6 shows the results, with 72 — 7! = 1.4% on average, and about 0.7%
when x; = 30%, consistent with the lower range of estimates in Gourinchas et al. (2017).
The excess returns earned on its external portfolio allow the United States to finance its
external deficit, and help reduce the burden of its external adjustment process, as discussed
in Gourinchas and Rey (2007a) and below.

Finally, the modest degree of imperfect financial integration is able to generate a plausible
home bias in equity holdings for both investors (Fact 4) on average. As discussed previously
(Section 3.2), like in the data, the weight on U.S. equity assets in the portfolio of U.S. (rest
of the world) investors is around 65-70% (8-15%) in the model, in the region of the state
space that is relevant empirically X; = (x4, y;) € [20%, 40%]? (cf. Fact 1). Similarly, like in
the data, the home bias in equity holdings for the U.S. (rest of the world) investor is around
55% (65%). I touch upon the long-run evolution of those portfolio weights in Section D.2,

and their dynamics at higher frequency is the main focus of Section 5.1.
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Figure 6: Average expected returns on countries’ portfolios (%)

(a) United States: fig; (b) Rest of the world: Jige;  (c) United States: r¢ — r!

Notes: Based on the baseline calibration of Assumption 1. z; is the wealth share, which captures the share
of worldwide wealth held by the domestic U.S. investor. y; is the relative supply of the domestic U.S. good,
which captures fundamentals.

In summary, the introduction of asymmetries in risk aversion, together with a modest
degree of imperfect financial integration, is able to reproduce a number of stylized facts

about the average level of the external portfolio of the United States in the world economy
(Facts 2, 3, 4).

4.3 Exorbitant duty, Global Financial Cycle, and Reserve Cur-

rency Paradox

The better ability and willingness of the United States, the center country, to bear financial
risks also have implications for the dynamics of the international financial system and asset

returns.

To see this, let us consider a negative shock to the output of either country (dZ; < 0
or dZF < 0). Either shock leads one of the equity assets to do poorly. In turn, because
U.S. investors are more invested in equities on average, either shock leads to a decline in
xy, the share of wealth held by the United States. However, the decline in z; is particularly
strong when focusing on U.S. shocks because they affect primarily U.S. assets in which U.S.
investors are more heavily invested due to their home bias in equity holdings. A negative

shock to U.S. output is also associated with a decline in g, the U.S. output share. In short:
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a negative shock to U.S. output (dZ; < 0) is consistent with the strong decline in z; and y;
documented empirically in times of global crisis in novel Fact 1. I therefore focus on it for

the remainder of this section, and refer to it as the “global shock”.

Exorbitant duty The decrease in the share of world wealth held by the center country
directly captures the transfer of wealth that occurs from the United States to the rest of
the world in times of international crisis. As put forward by Gourinchas et al. (2017) and
summarized in Fact 5, this is the flip side of the banker role played by the United States
in international markets. In good times, the world banker reaps the exorbitant privilege of
its role by earning higher returns and running a large negative net foreign asset position, as
we have seen. In bad times however, the country bears the exorbitant duty of insuring the
rest of the world by transferring wealth to other countries. Empirically, consistent with my
results, the exorbitant duty is large: Gourinchas et al. (2017) estimate that the transfer of
wealth amounted to around 19% of U.S. GDP during the 2007-2009 global financial crisis. In
the model, the phenomenon can also be observed from the patterns of consumption, with the
share of consumption (at market value) enjoyed by the United States declining monotonically
with its share of world wealth, consistent with the rest of the world receiving a transfer and

therefore consuming relatively more in times of crisis.?”

Global Financial Cycle The global shock also naturally gives rise to a Global Financial
Cycle in asset premia, a phenomenon that has been documented empirically (Fact 6) but for

which a theoretical explanation remains elusive.

As the share of wealth held by the United States z; decreases, global risk aversion spikes
up. Indeed, global risk aversion, ~;, is time-varying in this context, and this reflects a transfer
of wealth to foreign investors that are less risk tolerant on average.’® This pattern captures
the emergence of a risk-off scenario worldwide with the compensation for taking risk rising
globally as the wealth position of the world banker deteriorates. In turn, this leads risk
premia on all assets worldwide to increase sharply (Panels (a)-(b) of Figure 7), and riskfree

interest rates to decline globally (Panel (c)). Taken together, those are three main markers

39The share of domestic consumption at market value is computed as P,C;/(PCy + PFC}) =
thEt/ (Ctl’t + 5tC;k(1 — .’I,'t)>
40 As a reminder, the global wealth-weighted risk aversion is defined as v = (z/y + (1 — 24)/v*) ™",
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of the Global Financial Cycle documented in Rey (2013), and Miranda-Agrippino and Rey
(2020) (Fact 6).

Figure 7: Asset returns and the U.S. wealth share (z;): the Global Financial Cycle

A. Baseline calibration
(a) Domestic (U.S.) risk (b) Foreign risk premia (c) Riskfree rate

premia (pug¢ — ¢, %) (MR*,t — 7, %) (re, %)
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B. Baseline calibration, except that v = 25 < ~v* = 40
(a) Domestic (U.S.) risk (b) Foreign risk premia (c) Riskfree rate
premia (MR,t — T, %) (/J“R*,t — Tt %) (rta %)
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Notes: Based on the baseline calibration of Assumption 1, except for the specified risk aversion. x; is the
wealth share, which captures the share of worldwide wealth held by the domestic U.S. investor. y; is the
relative supply of the domestic U.S. good, which captures fundamentals.

Reserve Currency Paradox The model can also rationalize the Reserve Currency Para-

dox that has been a recent focus in the literature (Fact 7).

The paradox refers to the fact that the wealth transfer from the United States to the rest

of the world in times of crisis (decrease in z;) should result in a depreciation of the U.S. dollar
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(increase in & in our price convention), as seen on Panel (a) of Figure 8. Indeed, the decrease
in the dominance of the U.S. investor in world wealth puts downward pressure on the price of
her preferred good (p/p; decreases), and therefore on the price of her consumption basket.
This prediction is common to a large class of models, as documented in Maggiori (2017), but
is at odds with the strong U.S. dollar appreciation that occurs in practice in times of global

Crisis.

Figure 8: Reserve Currency Paradox and potential resolution

(a) & = P}/P, and x;
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Notes: Based on the baseline calibration of Assumption 1. z; is the wealth share, which captures the share

of worldwide wealth held by the domestic U.S. investor. y; is the relative supply of the domestic U.S. good,
which captures fundamentals.

Here again, putting the role of the United States in this general setting provides a way
out: not only is the allocation of wealth across international investors (z;) important, but
so is the relative supply of goods (y;). A decrease in y;, the relative output of the United
States, in times of crisis can indeed put upward pressure on the price of U.S. goods, and
therefore on the price of the U.S. basket of goods. In other words, such an evolution can
provide a natural countervailing force through which the U.S. dollar can appreciate. This
can be seen on Panel (b) of Figure 8 which shows the real exchange rate, &, as a function
of relative supply, y;. In addition, this force can potentially dominate quantitatively given
that, as shown on the figure, the exchange rate changes much more rapidly with relative

supply than with the allocation of wealth.
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Is this observation relevant in practice? The second part of novel Fact 1 suggests that
yes: the U.S. share of world GDP has tended to decrease in times of global crisis, especially
so in 2008 when the U.S. dollar spiked up. Combined with the stronger quantitative impact
of y, the appreciation pressure on the U.S. dollar can therefore very well dominate. In short,
the model provides a strong reason why the appreciation in the U.S. dollar in times of crisis
does not have to be a paradox with respect to the role of the United States as the world

banker.

To be sure, for both findings, additional channels have been proposed that are likely to
also be important. For instance, among others, U.S. monetary policy and intermediaries
leverage are important for the Global Financial Cycle (Miranda-Agrippino and Rey, 2020),
and spiking demand in safe assets (Kekre and Lenel, 2021) and binding constraints on the
part of foreign exchange dealers matter for the Reserve Currency Paradox. Embedding
those in the current framework is an important avenue for future research, and could in fact
reinforce the mechanisms above by giving them more bites in extreme circumstances such
as in 2008. In short however, even absent those, the framework highlights that there exist
deep conceptual and empirically-relevant reasons why we should expect a Global Financial
Cycle, and a potential U.S. dollar appreciation in times of crisis, as soon as we introduce the

special role of the United States as the world banker in a general enough setting.

In summary, in this economy, a global shock consistent with the empirical evolution of
X; (Fact 1) can therefore rationalize the exorbitant duty of the center country in times of
global crises (Fact 5), as well as the Global Financial Cycle in risk premia (Fact 6), and the

Reserve Currency Paradox (Fact 7).

Overall, the general equilibrium framework proposed in this paper is able to jointly
replicate many stylized facts about both the structure and the dynamics of the international
financial system. The two state variables highlighted by the model ~U.S. wealth share
(x;) and U.S. output share (y;)—, play a central role, and so do their dynamics. As such,
those elements emphasize the importance of studying these questions in a general setup
with recursive-CES preferences and financial market frictions, and of using a global solution
method. More generally, the framework is a versatile building block for several applications

and extensions (Section D.3).
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5 Empirical Evidence

This section provide empirical evidence consistent with the implications of the framework
for portfolios, and asset prices. Beyond confirming the main predictions of the model, the
results for both emphasize once more two of its key novel elements: (i) the central role played
by the two state variables —allocation of wealth and relative supply—, and (ii) the importance

of dynamic aspects, in particular for portfolios.

5.1 Portfolios

I first turn to portfolios. In times of global crisis, the wealth share of the U.S. investor
strongly decreases, as discussed previously both theoretically and empirically in Fact 1. This
is accompanied in the model by an increase in the weights of the U.S. asset in the equity
portfolios of both the U.S. and foreign investors, wp,;/(wns + wyy), wi /(wf, + w§,). The
increase in this portfolio weight is more muted for the domestic U.S. investor, as shown in
Panel (a) of Figure 9, and starker for the foreign investor (Panel (b)). The increase arises due
to the combination of changes to each of the drivers of portfolios in Proposition 3: common
component, financial market frictions, hedging terms. Intuitively, the U.S. asset becomes
more attractive in part because its expected returns grow faster than that of the foreign

asset.*!

Panels (c¢) and (d) construct the equivalent weights empirically, using the restated global
portfolio data of Coppola et al. (2021). This data reallocate the share of investments held in
tax havens towards the ultimate country, using detailed data on investment fund holdings,
and therefore provide a more accurate description of the true portfolio of U.S. and foreign

investors.

41Like in the data, the U.S. asset is on average held more by the U.S. investor in the model. When the
wealth share of the U.S. investor, x;, decreases, the larger change in asset ownership for the U.S. asset
therefore leads to a larger increase in its expected risk premium compared to the foreign asset.
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Figure 9: Share of U.S. asset in equity portfolios (%)

(a) U.S. portfolio (model) (b) Rest of the world portfolio (model)
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(c) U.S. portfolio (data) (d) Rest of the world portfolio (data)
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Notes: Panels (a) and (b) are based on the model of Sections 2-4 under the baseline calibration of Assumption
1. x; is the wealth share, which captures the share of worldwide wealth held by the domestic U.S. investor.
yr is the relative supply of the U.S. good, which captures fundamentals. Recall that the U.S. wealth share
decreases in times of global crisis (Fact 1). Panels (¢) and (d) plot the empirical equivalents based on restated
portfolio data by Coppola et al. (2021).

In short, the weights of U.S. equities in both portfolios (around 65-70% for the U.S.
investor, and 8-15% for the rest of the world) are broadly consistent with the model on
average, but most importantly, so are the evolutions of those portfolio weights. Namely, they
both increase starting around the 2008 global financial crisis, consistent with the decrease

in the U.S. wealth share (z;) discussed in Fact 1. The pattern of those weights based on
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non-reallocated data is broadly consistent, as shown in Figure E.7 in Appendix, which is
based on standard data as used for instance in Coeurdacier and Rey (2013) that I extend to
the recent period. Namely, the share of the U.S. asset in the rest of the world equity portfolio
strongly increases from 2008 onwards. For the U.S. portfolio, that share also increases in
2008, as predicted by the model, and while it starts decreasing back afterwards, it does so
at a much slower pace than pre-2008. This is consistent with a continuation of the secular
downward trend in domestic portfolio weights (in the model, this can be captured as a
decrease in financial market frictions 7), which gets strongly slowed down by the higher

frequency pattern shown in Panel (a).

Relatedly, the empirical level and pattern of the equity home bias, which compares the
weights in individual portfolios to that in the market portfolio, are also strongly consistent
with theoretical predictions. In Panels (a) and (b) of Figure E.9 in Appendix, I show that
a decrease in U.S. wealth share (z;) in times of crisis leads to a strong increase in equity
home bias for the U.S. investor, and a strong decrease of the equity home bias for the foreign
investor. Here, to be consistent with empirical measures described e.g. in Coeurdacier and
Rey (2013), T define home bias as*?

B =1 Share of foreign equities in country ¢ equity holdings
=1—

20
Share of foreign equities in the world market portfolio (20)

Empirically, again, the levels and patterns for the equity home bias of both investors are
strongly consistent with the model, as shown in Panels (c¢) and (d) based on the data in
Coppola et al. (2021). Using non-reallocated data as in Coeurdacier and Rey (2013), the
patterns are similar (Figure E.8 in Appendix): (i) the equity home bias strongly decreases in
the portfolio of the rest of the world investor, and (ii) the equity home bias increases in 2008
for the U.S. investor, and while it starts decreasing again afterwards, it does so at a much
slower pace. Like for portfolio weights, this is consistent with a continuation of the secular
downward trend in equity home bias (decreasing 7), which gets slowed down by those higher

frequency patterns.

Taken together, these findings are strongly consistent with the novel theoretical predic-

42Tn the notation of this paper, the home bias for the U.S. and foreign investors are, respectively, HB; =
1 —[wpe/(wne +wpe)]/(1—2z), HBf =1 — [wf /(wf , + w},)]/z.
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tions of the model for portfolios and their dynamics, and confirm the central role of the
wealth share held by U.S. investors in driving those patterns. Note that as the wealth share
starts slowly increasing back around 2012, the patterns of portfolio weights and especially
the home bias, start tapering off, although they do not fully reverse. This suggests that the
sudden change in portfolios from 2008 onwards predicted by the model, might have started
to alter the deeper motives of portfolio construction by international investors in ways that
could persist for the longer run. Exploring these further patterns, and how they interact
with recent evolutions in the valuation of U.S. equity assets (e.g. the large increase docu-
mented in Atkeson et al., 2022), is left for future research. Those recent evolutions are not
problematic for my results, given that I focus on periods of global crises that occurred before
this episode. The model however suggests that this could be a different form of privilege:
U.S. investors borrow in safe assets from abroad to lever their portfolios, and invest heavily
in risky assets worldwide but also domestically. As such, they also appear to have benefited
strongly from the rise in U.S. valuations, as seen from the large increase in the U.S. wealth

share over the same (recent) period (Fact 1).

5.2 Asset prices

I now turn to providing suggestive evidence for asset prices by estimating an empirical

equivalent of the theoretical risk premia expressions in Equations (10) and (11).

Testing those asset prices implications empirically requires proxies for the two state vari-
ables of interest.

As is common in the international portfolio choice literature, I proxy movements in rela-
tive supply 1, by movements in the real exchange rate &£.% This is consistent with the fact
that y, is by far the main driver of relative prices, so that there exists a strong (negative)
monotonic relationship between y; and & (cf. Figure 8). The main advantage is that prices

data are available at a significantly higher frequency, and are overall of better quality. In

431 do not clean the real exchange rate from changes in nominal exchange rate because a majority of equity
investors do not appear to be hedging currency risk in practice. For instance, Boudoukh et al. (2015) find
that out of 428 international equity funds available in the U.S., totaling $1,610 billion in assets, only 20.9%
include some form of currency hedging via options etc., with data up to March 2015. The relevance of real
exchange rate movements for international asset prices is also consistent with recent evidence for several
industrial and emerging countries (e.g. Stewen, 2020).
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practice, because I focus on assets from the U.S. and the rest of the world, I use the real
broad dollar index from the Federal Reserve Board for &;. Because the price of relative sup-
ply risk is likely to be negative in the relevant region of the state space, the model predicts
that the price of & risk should be positive, although it could turn negative in particular as
the relative supply gets low (&; high).

The ideal proxy for x; would be the U.S. wealth share shown in Fact 1 and discussed
throughout. However, it is available for too short a sample, and too low a frequency to be us-
able in practice. Instead, I follow the insight of the model and note that the wealth-weighted
world risk aversion «, is the variable that as the strongest and cleanest direct (negative)
relationship with the U.S. wealth share x;. I therefore proxy for x; with the global risk
aversion (Global RA;) extracted from worldwide data in Miranda-Agrippino and Rey (2020).
The fact that ~; is also part of the price of risk for other factors is not of particular concern.
Indeed, although 7, could impact those other prices of risk —an aspect that the conditional
version of the specification below partly controls for—, the empirical test is about whether
changes to x; or 7, risks are priced as a distinct factor. Finally, recall that the price of x;
risk predicted by the model is positive throughout, so that we expect the price of Global RA;
risk to be negative.

Lastly, as is common in the asset pricing literature, I proxy for the market compo-
nent by using various factors. Specifically, I use the global excess returns on the market
(Mkt— RE}), global value factor (HM L;), global size factor (SM B;), and global momentum
factor (MOM,), from Fama and French (2012). The table below shows that the results are

robust across various combinations of those factors.

In practice, combining those proxies with Equation (14) imply the following beta-representation

for the risk premia on both equity assets j

Hit — T = Qe + At + AGlobalRAB,GlobalrA: + AetBjer + € (21)

A: are the prices of risk and can also be derived theoretically from Equations (10) and
(11). Denote the return on the market as dRy ¢ = 2 dR; + (1 — 2z;)dR}. The quantities of
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risk for any U.S. or foreign assets are

covy (dR; i, dGlobal RA;) covy (AR, d&;)

ﬂj,GlobalRA,t = ) 5j,5,t =

vary(dGlobal RA;) var(d&:)
/6~ _ COV¢ (de7t, dRMJ)
M vary(dRs+)

Test assets are taken to be a set of portfolios, again, as is standard in the empirical
asset pricing literature. Specifically, I use 128 portfolios sorted on a mix of factors (Size,
Book-to-Market, and Operating Profitability), 32 in each of four regions —the United States,
Europe, Japan, and Asia Pacific— so as to cover a wide range of countries. The data is from
Fama and French (2012). The main reason portfolios are used is to smooth out idiosyncratic
movements in returns stemming from individual stocks, which allows for a more precise and
stable estimation of prices and quantities of risk. I base the analysis on quarterly returns on
each of those 128 portfolios expressed in U.S. dollars, as is standard in the literature. The
final sample starts in 1990Q4, and ends in 2010Q4 (because of the availability of the real
broad dollar index).

Because the beta representation of risk premia in Equation (21) is conditional, and be-
cause dynamic aspects are an important novel element of the framework and could be relevant
(like for portfolios), I test the model both unconditionally and conditionally. For the latter,
I proceed by using a conditioning variable Z;_; in the spirit of Cochrane (2005), and as
used e.g. in Lettau and Ludvigson (2001) to test the consumption-CAPM conditionally in
a domestic context. In practice, the conditional aspect comes from interacting the various
factors in Equation (21) with Z;_; so that Z;_y, Zi—1 x dRpyy , Zi—1 x dGlobal RA;, and
Zi_1 % d& become additional factors. The conditioning variable must be chosen so as to
predict returns well in the sample. For instance, Lettau and Ludvigson (2001) use cay;_1,
which they have shown to predict returns in the U.S. context. In the same spirit, I choose
Z;_1 = nxa;_q, where nxa;_; is the measure of cyclical external imbalances that Gourinchas
and Rey (2007a) and Gourinchas et al. (2019) show is a good predictor of returns in an

international context.**

44Other conditioning variables, such as the level of risk aversion, GlobalRA,_,, or market excess returns
in the previous period, Mkt-RF;_1, could be used. An alternative method to capture time-variations in
expected returns could also be to condition on periods of market turbulences, as in the downward-risk-
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Table 1 shows the results. In short, regardless of the specifications, the empirical evidence

appears to strongly support the predictions of the model. This is true both unconditionally
(columns (1)-(4)) and conditionally ((5)-(8)).

Table 1: Estimation of the implied beta-representation of Equation (21)

(1) (2) 3) (4) ) (6) (7) (3)
Panel A: Risk Prices (monthly, %)
dGlobal RA; -4.147  -6.817 -6.254 -6.281 -3.822  -5.730  -6.198 -5.014
(-3.281) (-5.455) (-5.550) (-5.050) (-4.248) (-4.954) (-6.243) (-4.683)
dGlobal RAy x Zy_1 -1.398  -1.174  -1.086 -1.185
(-6.950) (-5.614) (-5.016) (-4.875)
d&y 0.725 0.826 0.636 0.637 0.464 0.628 0.485 0.399
(5.168) (5.706) (5.325) (5.339)  (2.783) (4.286) (3.125) (2.391)
d& x Zy_q 0.156 0.177  -0.031 -0.067
(3.437) (4.484) (-0.574) (-1.045)
Ziq -3.592 -3.114  -0.628 -2.015
(-3.706) (-2.610) (-0.345) (-1.342)
Panel B: Premia difference (annual, %)
dGlobal RA; -5.865  -8.524  -8.643 -8.773 -5.334  -6.973 -8.431 -6.785
dGlobal RAy x Zy_4 -7.927 -8.871 -6.831 -8.669
d&y 5.402 7.075 5.307 5.281 2.733 3.639 2.971 2.476
d& x Zy_q 4.043 4.047  -0.655 -1.391
Ziq -3.354  -3.653  -0.441 -1.224
Controls CAPM FF3 FF3MOM CAPM FF3 FF3MOM
Conditioning var. (Z;_1) NTAr_1 NTA—1 NTA—1  NTAr_1
Adjusted-R? (%) 26.5 38.7 57.4 57.1 55.0 57.7 68.4 70.8

Notes: Test assets are 128 portfolios sorted on Size, Book-to-Market, and Operating Profitability, for four
regions: the United States, Europe, Japan, and Asia Pacific (32 portfolios per region). Sample: 1990Q4-
2010Q4. The premia difference is computed as the risk premia difference in annual terms between assets in
the top 90% and bottom 10%-beta percentile for each factor. t-stats from Newey-West standard errors in
parenthesis. Cf. Section 5.2 for additional details.

The price of Global RA, risk, our (inverse) proxy of wealth share risk, is strongly negative

across specifications, consistent with the theoretical predictions discussed above. It is both

CAPM of Lettau et al. (2014).
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strongly statistical significant (¢-stats between -3.281 and -6.243), and economically large.
For instance, the risk premia difference in annual terms between assets with 3; ciobaira, in the
top 90% and the bottom 10% percentile ranges from -5.334% to -8.773%, and is even more
negative when including the conditional components dGlobal RA; x Z; 1. Those magnitudes
are large compared to the average of portfolios returns (21.553%), or their median (15.981%).
This is true regardless of what proxies are used for the market component (labeled as Controls
in Table 1).

The price of real exchange risk d&;, our (inverse) proxy of relative supply risk, is strongly
positive in most specifications, although its conditional component sometimes turns negative.
Both are consistent with theoretical predictions discussed above that suggest that this risk
price should be mostly positive, although its dynamic component can make it turn negative
depending on the state of the economy. The price of d&; risk is strongly statistical significant
(t-stats between 2.391 and 5.706), and economically large. The risk premia difference in
annual terms between assets with ;¢ in the top 90% and the bottom 10% percentile ranges
from 2.476% to 7.075% across specifications, and is often more positive when including the
conditional components dGlobal RA; x Z;_ 1. Again, those magnitudes are large compared to
the average of portfolios returns (21.553%), or their median (15.981%).

Lastly, the adjusted- R? for those empirical tests are noticeably large, ranging from 26.5%
to 70.8%.

In summary, empirical evidence on portfolios (Section 5.1), as well as unconditional and
conditional asset pricing tests (Section 5.2), strongly support the theoretical predictions of
the model. They also emphasize the novel elements brought about by the framework, e.g.
the central role of U.S. wealth and output shares, and the importance of dynamic aspects

going beyond average portfolios and risk premia.

6 Conclusion

This paper makes three main contributions.

First, I characterize the global solution to the international portfolio choice problem in a
general setup, a long-standing open issue in international finance. The main message from

the characterization is that two quantities are the core drivers of all economic outcomes: the
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relative supply of goods in different countries, and the allocation of wealth across investors.
The importance of the latter had received little emphasis thus far in a general equilibrium
international portfolio choice setting, but resonates with an emerging theme in the broader
economic literature that has recently highlighted the role of the wealth distribution in vari-
ous contexts.*’

Studying those questions in a general setup makes it possible to highlight the importance
of several elements —e.g. financial market frictions, the elasticity of intertemporal substi-
tution, or the elasticity of substitution across goods— for asset prices, portfolios, and risk
sharing. Similarly, relying on a global solution method makes it possible to trace out the
evolution of economic outcomes with the state of the economy, and to uncover the dynamic
relationships between them. Those dynamics, in turn, are central to the ability of the model
to replicate empirical observations, and underlie for instance the hedging components that

are key drivers of portfolios and risk premia.

Second, when introducing the special role of the United States in the form of asymmetries
in risk tolerance, I show that the framework is able to replicate a number of stylized facts
about both the structure and dynamics of the international financial system. In particu-
lar, a Global Financial Cycle in risk premia emerges in this economy, a fact that has been
documented empirically (Rey, 2013; Miranda-Agrippino and Rey, 2020) but for which a the-
oretical explanation remains elusive, and the model can make sense of the so-called Reserve
Currency Paradox (Maggiori, 2017) via the role of the relative supply of goods on exchange
rates. Both phenomena have received considerable attention in the recent literature, and
were puzzling from the perspective of existing models, while they arise naturally in this
framework. Importantly, the empirical patterns of the wealth share and relative GDP of the

United States, which I document in a novel fact, support the main underlying mechanisms.

Third, I provide novel empirical evidence on portfolio levels, portfolio dynamics, and

asset prices, that strongly supports the theoretical predictions of the framework.

The framework is a well-suited building block for several applications and extensions

(Section D.3) that are promising avenues for future research.

4>The impact of the distribution of wealth has been emphasized in macroeconomics (e.g. Brunnermeier
and Sannikov, 2014, Kaplan et al., 2018), finance (e.g. Gomez, 2017, Lettau et al., 2019, Greenwald et al.,
2020), and economics more generally (e.g. Piketty and Zucman, 2014).
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Internet Appendix

A Additional Equations and Results

The model draws on Sauzet (2022a), who provides additional details and further theoretical
results.
A.1 Drift and diffusion terms for any variable

Remark A.1. By Ito’s Lemma, the geometric drift and diffusion term for any function
gt = g(Xy) are given by:

dgy dg(Xt)
— = = dt + 0 dZ Al
g g(Xt) ngt t ( )
where:
_gact g 1.gxact 2 T 1gyyt 2. T g T
Hgt = El’tﬂwt"‘ Py yt,uy,t"‘ 2 g L0, 40z T 5 2 g, — Y0y Oyt + ) xtytgx,tay,t (A.2)
o Ga,t Gyt
Ogt = ——T40zt + — YOy ¢ (A.3)

gt gt

This result is used repeatedly throughout the paper.

As a point of notation, recall that for any function g, g, simply denotes g(X;), not the
time-derivative of g (which is zero because the model is stationary due to infinite horizon).

Gty Gy.ts Juats Jyy.ts Guy,t denote the partial derivatives of g(X).
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A.2 Returns, and risk premia

The (geometric) drifts and diffusion terms for asset returns are obtained from It6’s Lemma
and are as follows

AR, = ppydt + ok, dZ,

(A.4)
T T T
(Ft + Hpt + Py + 0,0y — ppi + Op0R: — (0pt + 0y) UFt) dt
+ (O'pﬂg + oy — O'F’t)T dZt
AR} = pipedt + o A2, (A.5)
= (Ft* g+ 1Y O 0 — e g+ Ths Oy — (0pe s+ 0F) UF*,t> dt
+ (op s + 0y — O'F*’t>T A

where fi, 1, fp 1, [E L, LF* ¢, Opiy Op* ¢, OFy, Opx 4 are obtained using Remark A.1 above

Proposition A.1. The expected risk premia on the equity assets are given by

HR,t — Ty = ")/tO'Rt {ZtURt + (1 OR* t} (A6)
1\ /1—~\ J 1\ /1—~*
T x,t x,t
- T - - : + 1_ — .
() (50) o0 (2) (2) %)
1 J, 1 1—~*\ Jo
T yst v Yt
_ _ — 1— R
oo () (23 w0 () () )
1 —
+ ’Yt < *xt) T*Ft
Y
URxt — Ty = %aﬁ*,t {ziops + (1 — zt)oR% 4}

) ’ ,y 1
1 1—
- Vtgg*,tay,tyt {xt (;) <m) JL: + (1 — )
+ V% <xt) TF}
Y

where v = (% + —1;,?’5

)7 1s the wealth-weighted global risk aversion
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A.3 Foreign investor problem

The representative consumer of the foreign country solves:

Q0
Vi = max E, [J f(cv du] (A.8)
{C;l:,u’c;‘,u’w;:,u’w}‘,u}f:t t
1-1/%
* *\ - 7* % C* "
e = (7)Y ([(1 - 7*)V*]1/(1_”*)> .
subject to:
% . . . .
Wi = (Tt + Wh ¢ (:uR,t - Tt) + Wy (,UR*,t — Tt) — Pt Ct) dt
¢
+ (w) o R + whopes) dZ (A.10)
1 x2-1 1 $0=1 %
O = [(1 —a)iCy T +aiCh,? ] (A.11)

All parameters can differ from those of the domestic investor. Cf. the main text for a
discussion. To complete the definition of the optimization problem, the investor is subject

to a standard transversality condition, and W is given. Note also that W > 0.

A.4 Labor income

Another aspect that the literature emphasized can have a large impact on portfolios is labor
income. I leave it aside in this paper, but it can also be accommodated in the framework,
e.g. as a constant share of the output of each tree in the spirit of Baxter and Jermann
(1997). Specifically, a share § (0*) of the output of each tree is paid as labor income, while
the remainder 1—¢ (1 —4§%) is paid as dividends. In turn, this means that the dividend yields
of the equity assets become F; = (1—-90)p;Y;/Q and Ff = (1—0%)p;Y;*/Q5, while the budget
constraints have an additional term, 0 Fyz;/((1—6)ax;) and 6*F;*(1—2z)/((1—0*)(1 —z)), for

the domestic and foreign investor respectively.’® Sauzet (2022a) provide additional details.

462, the ratio of the home equity price to world wealth, is updated accordingly: z; = Q;/(Q: + QF) =
(L4 ((1=0%)/(1=8)) (Fy/FF) ar (1 —we) Jyn) ™
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Even though such a form of labor income has a large impact on portfolios, additional
elements would be required for it to impact other economic outcomes such as asset prices.
This could take the form of portfolio constraints (e.g. Chabakauri, 2013), time-varying
output shares J; (e.g. Coeurdacier and Gourinchas, 2016), or idiosyncratic labor income risk
(e.g. Kaplan et al., 2018). Again, those could naturally give rise to incomplete markets, and

to additional hedging motives. I leave those avenues for future research.

A.5 Equilibrium

The definition of the equilibrium is standard.

Definition 1. A competitive equilibrium is a set of aggregate stochastic processes adapted
to the filtration generated by Z: the price of the equity asset (Q,QF), and the interest rate
(ri), together with a set of individual stochastic processes for each investor: consumption of
each good (Cyy,Cyy, Cr,, CF ), wealth (Wi, W), and portfolio shares (wp s, wy s, wi; ,, w5 ,),
such that, given the output of the two endowment trees (Y, Y,*):

1. Given the aggregate stochastic processes, individual choices solve the investor optimiza-

tion problem given above.
2. Markets clear.

(a) Good markets:

Ch,t + Chﬂg - }/t (A12)
Cﬁt + C}k’t = }/;*

(b) Equity markets:

wp Wy + wy W = Qy (A.13)
wy Wi + w;,twt* = Q5

Most importantly, as shown in Section 2.3 of the main text, the equilibrium can be

recast as a stationary recursive Markovian equilibrium in which all variables of interest are
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expressed as a function of a pair of state variables X; = (x4, v;)’, whose dynamics are also
solely a function of X;. x; is the wealth share of the domestic investor, and y; is the relative
supply of the domestic good.

A.6 Marginal values of wealth

Proposition A.2. J; satisfies the Hamilton-Jacobi-Bellman equation:

1 - 1
0 (w - 1) P (1 - 1/¢) prre % (WntTR s + WriT R 1) (A.14)
1 1 1 1/)_7 T
+ <1_¢)MJ¢+2 (1—¢> (1_1/})0#0”
0 2t . (T—a\
+ <1 — 6) Ft (I_t) +wh,t ( s ) T Ft <A15>

where puy4, 05, are the geometric drift and diffusion terms of J; obtained as in Remark

A.l:

dJ, =
7: = ,UJ,tdt + Ugtdzt (A16)

JF satisfies a similar Hamilton-Jacobi-Bellman equation.
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A.7 Evolutions of the state variables

Due to the Markovian nature of the equilibrium, the laws of motion of the state variables

underlie the dynamics of the economy. They are summarized in Proposition A.3.

Proposition A.3. Laws of motion for the wealth share x;, and relative supply y;:

d

t
dy ~
y—tt = ,U/y’tdt + O'thdZt

where:

fat = (Wne — 2¢) (R — 71) + (Wre — (1= 20)) (pRet — 741)
)
+ (Fize + (1 —2)F)) — Poey + | —— | F} il + 7*F, 2 why | — TEF wyy
]_ — 5 Tt Tt ’
(wht — 2t)ope + (Wre — (1 — zt))aR*J)T (ze0pt + (1 — 2)0R% 1)

(whe — 2) Ort + (Wpe — (1 — 2¢)) Opx )

Hoy ¢

— (

= (

(1 =) (py — pvs) — (1 =) (0y — oyx)" (geoy + (1 — ye)oy+)
oy = (1

yt) (UY - UY*)

A.8 Consumptions, goods prices

Proposition A.4. The consumption of the home investor is given by:

o=—L=P7"] (A.18)

%\ —0
cre=(1—a) (%) Ct

_ _p11/(1-0)
P, =[ap, "+ (1 — a)pi'™?]
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The consumption of the foreign investor is given by:

%
C*: Ct
t — %

W,

— Pt*f’w* Jt*

_ _o1/(1-6)
Pr=[(1=a)p™" +api™?]

(A.19)
(A.20)

(A.21)

(A.22)

Proposition A.5. The terms of trade, q; = q(X}), solves the following non-linear equation:

1 t
yt

. (1 — Oé)Ptaintl't + OéP:ojw* Jt*(l — l't)

where:

t

B adyz PV 4+ (1= )PP g (1 — 1)

Using the definition of the numéraire, prices follow:

= (a+(1—a)g )"

PE =gy = (aqf‘l (- a))l/(e_l)
P = fapl ™ + (1= a0
P = [<1 . a)p,}*@ 4 Oép;kke]l/(l—@)
& =PF/P

(A.23)

(A.24)

Under the assumption that there are no wedges on foreign dividends so that risk sharing

is perfect, the stochastic discount factors of both investors are perfectly correlated and we

can derive in this environment a generalized version of the Backus-Smith condition (Backus

and Smith, 1993; Kollmann, 1995), provided that preferences are symmetric. This condition,

shown in Proposition A.6, emphasizes that the real exchange rate is not only determined

by relative consumption, as in the usual CRRA case, but also depends on relative wealth
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and the marginal values of wealth of international investors. However, one deviates from
this condition as soon as one introduces asymmetries and frictions in financial markets, as

is partly the goal in this paper.

Proposition A.6 (Generalized Backus-Smith condition). Under symmetric recursive pref-

erences and perfect risk sharing

1-1/(v¥)
s ! Ce\“ I\
E = ¢ — (61(Py ", — PV d —* = A.30
t =0 GXP{L 7¢( 1( “ “ u) u) C; Jy ( )
where ©, = — 7:1/¢ , and ¢ is the relative Pareto weight of the two investors.
1=1/0

68



B Additional Figures

B.1 Economic setup

Domestic Foreign

Ytapta/l'R,t — Tt t*ap;}knu'R*,t — Tt

Figure B.1: Baseline international economy

Notes: Back to main text: Section 2.
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B.2 Asset returns

Figure B.2: Sharpe ratios on equity assets

(a) Sharpe ratio on domestic asset (SR;) (b) Sharpe ratio on foreign asset (SR;)

0.55 0.55
—y=0.98 -

Notes: Based on the baseline calibration of Assumption 1. z; is the wealth share, which captures the share
of worldwide wealth held by the domestic investor. y; is the relative supply of the domestic good, which
captures fundamentals.
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Figure B.3: Instantaneous volatilities of equity asset returns

(a) Domestic returns volatility (%) (a) Foreign returns volatility (%)
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Notes: Based on the baseline calibration of Assumption 1. x; is the wealth share, which captures the share
of worldwide wealth held by the domestic investor. y; is the relative supply of the domestic good, which
captures fundamentals.

Figure B.4: Prices of risk
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Notes: Based on the baseline calibration of Assumption 1. z; is the wealth share, which captures the share
of worldwide wealth held by the domestic investor. y; is the relative supply of the domestic good, which
captures fundamentals.
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Figure B.5: Quantities of risk

(a) Domestic asset returns on x; risk (b) Foreign asset returns on z; risk
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Notes: Based on the baseline calibration of Assumption 1. z; is the wealth share, which captures the share
of worldwide wealth held by the domestic investor. y; is the relative supply of the domestic good, which
captures fundamentals.
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B.3 Portfolios

Figure B.6: Portfolio weights

(a) Domestic weight in (b) Domestic weight in foreign (c) Domestic weight in bond

domestic asset (wp,t) asset (wy,) (b =1 —wpy —wyy)

(d) Foreign weight in domestic (e) Foreign weight in (f) Foreign weight in bond
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(f) Market weight in domestic (g) Market weight in

asset (z¢) foreign asset (1 — z¢)

015 0
0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
y y

Notes: Based on the baseline calibration of Assumption 1. z; is the wealth share, which captures the share
of worldwide wealth held by the domestic investor. y; is the relative supply of the domestic good, which
captures fundamentals. The market portfolio weight is z; = Q:/ (Q: + QF), where @, QF are the equity
prices of the domestic and foreign equity assets, respectively.
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C Computation of the Equilibrium

All variables of interest can be characterized as a function of the state variables, X; = (x, y;)’,
and a set of unknown functions G = {J;, J;*, F}, F}*, qi, wns, wy,}.*" Due to the stationary
recursive Markovian structure of the equilibrium, the unknown functions are themselves
solely functions of X, and are determined by a system of coupled algebraic and second-
order partial differential equations. This theoretical characterization is the focus of Section
3, and additional results and details (including on the numerical method) are provided in
Sauzet (2022a).

Each of the unknown function g : [0,1]> — DY € R in G is approximated using projection
methods based on Chebyshev polynomials and orthogonal collocation. This approach has a
number of advantages.

First, projection methods are a global solution approach. This is in sharp contrast to
most of the international portfolio choice literature that focuses on local approximations in
neighborhoods of specific points.*® The use of a global solution approach instead makes it
possible to trace out economic outcomes throughout the state space, which is particularly
relevant in settings in which variables are very state-dependent. This is the case in this
economy that features strong heterogeneity, and the global solution method makes it possible
to study the dynamics of risk premia, portfolios, and hedging terms. Those dynamics play
a central role in the application of Sections 4 and 5.

Second, projection methods are well-suited to contexts with multiple state variables in

which other approaches like finite differences become rapidly computationally too costly.*”

47 ], J¥ capture (an increasing monotonic transformation of) the marginal values of wealth of each investor.
In addition, as a point of notation, for any function g, g; simply denotes g(X;), not the time-derivative of ¢
(which is zero because the model is stationary due to the infinite horizon).

48 A typical point around which the local approximation is performed is the deterministic or risky steady
state if it is well-defined, or the symmetric point in the middle of the state space (X; = (1/2,1/2) in this
context). A notable exception is Rabitsch et al. (2015), who use a global method. However, their framework
is cast in discrete time so that the authors do not discuss the underlying drivers of portfolios, in particular
hedging demands, the conditional (time-varying) moments of asset returns, as well as the conditional (time-
varying) state variable dynamics. Under a set of assumptions, local methods could be used to study an
economy further in the state space, cf. for instance Mertens and Judd (2018). However, such methods
remain difficult to use in an international portfolio context due to the portfolio indeterminacy that arises in
the corresponding deterministic economy.

49The method currently developed in Hansen et al. (2018) could help from that perspective.
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More generally, a global solution will prove crucial for many applications and extensions
(Section D.3) because those are likely to give rise to strong non-linearities. For settings with
additional state variables such as those however, higher-dimensional methods could become
necessary. One such method consists in extending the concept of projection approaches, but
to replace the Chebyshev polynomials in the approximation by neural networks, which are
designed specifically to handle high-dimensional contexts. Those “projection methods via
neural networks” for continuous-time models are developed in Sauzet (2022b), and have the
additional benefit that they can naturally handle more extreme cases of non-linearities such

as kinks.

D The International Financial System: Additional Re-

sults

D.1 Additional dynamic aspects

The framework also makes it possible to make sense of additional aspects about the process
of international financial adjustment (Fact 8), and the countercyclicality of asset return
dynamics (Fact 9). The dynamics of portfolio weights is discussed together with empirical

evidence in Section 5.1.

International Financial Adjustment As the global shock hits, not only does the U.S.
wealth share decreases as discussed previously (Fact 1), but so does the net foreign asset
position of the United States. This is shown in Panel (b) of Figure 5, and consistent with
findings in Gourinchas et al. (2017). In this context, this arises because the U.S. investor
borrows an increasing share of her wealth (Panel (a)), consistent with the decline in the U.S.
net foreign position in safe asset observed empirically. The sharp increase in risk premia
discussed above is also in line with the large role for valuation effects in the external adjust-
ment process discussed in Gourinchas and Rey (2007a). These higher returns in expectation
ease part of the burden of adjustment for the center country. Taken together, those patterns

can replicate the predictability relationship between net foreign asset position and expected
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returns documented in Gourinchas and Rey (2007a) and Gourinchas et al. (2019): a deteri-
oration in N F'A; is associated with higher expected returns in the short to medium-run, but
the relationship reverses at longer horizons as the net foreign asset position improves while

expected returns get back down to their average level.

Countercyclicality of asset return dynamics The sharp increase in expected excess
returns in times of crisis (Figure 7) is not only consistent with the Global Financial Cycle
(Fact 6) but is also in line with the countercyclical risk premia that have been documented
empirically in a wide variety of asset pricing contexts, such as e.g. Lettau and Ludvigson
(2010), Fama and French (1989), Ferson and Harvey (1991), Harrison and Zhang (1999), and
Campbell and Diebold (2009)). The same is true for Sharpe ratios, which naturally increase
in this setting, like in Lettau and Ludvigson (2010), and Harvey (2001).

The countercyclicality is also apparent for second moments. For the type of shocks that
we have focused on in this section, the volatility on both assets are mildly countercyclical,
as shown in Figure B.3 in Appendix, consistent with empirical observations in a domestic
context e.g. in Schwert (1989), Brandt and Kang (2004), and Lettau and Ludvigson (2010).
For the foreign asset, this occurs regardless of the U.S. wealth share (z;) because its volatility
naturally increases following the decrease in the U.S. output share (y;) that also ensues. For
the U.S. asset, this occurs provided that x; is not too small, and y; is not too large, which
are both likely to occur given the empirical values of X; documented in Fact 1. In addition,
the conditional returns correlation across asset is itself countercyclical, as shown in Figure

2, and again consistent with empirical observations.

Those patterns emerge from movements in the wealth share across investors, and relative
supply of goods, in times of crisis that are consistent with the empirical patterns of Fact
1, and are due to the combination of general recursive-CES preferences with heterogeneity,

asymmetries, and frictions in financial markets.

D.2 Counterfactuals and long-term trends

The economic setup in this paper can also be used to study questions about longer-term

trends. For instance, the secular improvement in financial market integration worldwide can
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be captured as a progressive decrease in financial frictions 7. In the model, such a decrease in
T gives rise to a slow-moving reduction in the home bias in equity holdings, consistent with
empirical observations over the last 30 years in Coeurdacier and Rey (2013) (Fact 4), and
to a gradual (although mild) decrease in average returns correlation, consistent with long-
term evidence in Jorda et al. (2019b) (Fact 10). Asymmetric improvement in financial market
integration, i.e. different evolutions in 7 and 7%, could also be explored, and dividend wedges
could also be interpreted more literally to analyze the impact of macroprudential policy on

international risk premia, portfolios, and risk sharing.

The framework can also be interpreted at a lower frequency to analyze phenomena such
as the secular decline in interest rates (Fact 11), and the long-term evolution of risk premia
worldwide. For instance, even though there is no measure of U.S. wealth share (z;) going
back prior to 2000, this share is likely to have decreased over time and to continue to do
so, as large emerging economies such as China take center stage. The model predicts that
this should come with an overall decline in the global riskfree rate, consistent with empirical
observations over recent decades. This decline arises as a larger share of world wealth is held
by more risk averse investors who prefer safer assets, and is in the spirit of Caballero et al.
(2008) and Hall (2016). Integrating additional heterogeneity in EIS 1, as the framework
permits, could further allow to capture differences in propensity to save, and is likely to

reinforce this mechanism.

Studying those and additional longer-term phenomena, and performing counterfactual
exercises, could benefit from additional extensions of the framework, some of which I briefly

discuss now.

D.3 Extensions

The model is also a well-suited building block for many potential applications and extensions.

For instance, the framework can be generalized to N > 2 investors, M > 2 trees, and
L > 2 goods. Such an extension can allow to study situations with more than two countries
or regions, and could shed light on the transition from one center country to another (Nurkse
(1944), Farhi and Maggiori (2018)) or on the interaction between the U.S., China, Europe,

and other regions, that occur during various global crises.
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Heterogeneity within countries can also be included to tackle topics related to wealth
inequality. Those could be coupled with refined labor income processes (e.g. Garleanu and
Panageas (2015)), idiosyncratic labor-income risk (e.g. Kaplan et al. (2018)) or capital risk
(e.g. Brunnermeier and Sannikov (2014, 2015)), portfolio and borrowing constraints (e.g.
Chabakauri (2013)), and more general market structures (e.g. with stochastic wedges or

additional sources of risk).

Among those, particularly promising extensions relate to the introduction in an interna-
tional setting of the type of financial intermediaries that have been discussed in the recent
intermediary asset pricing literature e.g. in Danielsson et al. (2012), He and Krishnamurthy
(2013), Adrian and Shin (2014), or Adrian and Boyarchenko (2015). Those global interme-
diaries, which are relevant in practice, can be involved in the dealing of foreign currencies,
in the spirit of Hau and Rey (2006), Gabaix and Maggiori (2015), and Gourinchas et al.
(2022), or can play the role of bankers as in Maggiori (2017) and Jiang et al. (2020). As an
illustration, in ongoing work (Sauzet, 2022c), I explore a third possibility: the introduction

of a global asset manager.

From the perspective of extensions, solving for the decentralized general equilibrium of
this economy, like in this paper, will prove valuable: the framework is readily set to tackle a
wide range of market structures beyond imperfect risk sharing. In addition, the implemen-
tation of those extensions will likely require higher-dimensional (as well as more non-linear)
resolution methods as the number of state variable increases. I propose such an approach

for continuous-time models in “Projection Methods via Neural Networks” (Sauzet, 2022b).

I leave all these promising avenues for ongoing and future research.
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E Additional Empirical Results
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Figure E.1: Empirical pattern of the allocation of wealth
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standard STL decomposition. This figure is identical to Figure 4 in the main text.
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Figure E.2: Empirical pattern of the allocation of wealth (financial wealth only)
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Notes: x; is measured as the share of world wealth held by U.S. households. Wealth is defined as the
marketable value of financial assets less debts. World wealth includes all countries for which appropriate
data is available. Data is from Davies (2008), Davies et al. (2011), and as updated in Crédit Suisse (2021).
The dashed gray curve is the trend extracted from a standard STL decomposition.
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Figure E.3: Empirical pattern of the allocation of wealth (non-financial wealth only)

(a) U.S. share of world wealth () (b) U.S. share of world wealth (x;)
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all countries for which appropriate data is available. Data is from Davies (2008), Davies et al. (2011), and
as updated in Crédit Suisse (2021). The dashed gray curve is the trend extracted from a standard STL
decomposition.
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Figure E.4: Empirical pattern of the allocation of wealth (alternative measure)
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Figure E.5: Empirical pattern of the allocation of wealth (alternative measure, private wealth
only)
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Figure E.6: Empirical pattern of the relative supply

(a) U.S. share of world GDP (y;) (b) U.S. share of world GDP (y;)
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The dashed gray curve is the trend extracted from a standard STL decomposition.
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E.2 Portfolios

Figure E.7: Share of U.S. asset in equity portfolios (%)
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Notes: Based on non-restated data, following Coeurdacier and Rey (2013) that I extend to the recent period.
Cf. Section 5.1.

Figure E.8: Equity home portfolio (data)
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Notes: Based on non-restated data, following Coeurdacier and Rey (2013) that I extend to the recent period.
Cf. Section 5.1. The home bias is defined as HB; = 1 — wy/(wn+ + wyy)/(1 — 2¢) for the United States,
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Figure E.9: Home bias in equity portfolio (%)

(a) U.S. portfolio (model) (b) Rest of the world portfolio (model)
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Notes: Panels (a) and (b) are based on the model of Sections 2-4 under the baseline calibration of Assumption
1. z; is the wealth share, which captures the share of worldwide wealth held by the domestic U.S. investor.
y; is the relative supply of the U.S. good, which captures fundamentals. Recall that the U.S. wealth share
decreases in times of global crisis (Fact 1). Panels (¢) and (d) plot the empirical equivalents based on restated
portfolio data by Coppola et al. (2021). Cf. Section 5.1.

86



	Introduction
	The Economy
	Endowments, prices, assets
	Preferences
	Equilibrium and state variables
	Additions
	Computation of the equilibrium

	Characterization of the Equilibrium
	Asset prices
	Portfolios
	Imperfect financial integration, investor heterogeneity

	The International Financial System
	Stylized facts
	External portfolio and the exorbitant privilege
	Exorbitant duty, Global Financial Cycle, and Reserve Currency Paradox

	Empirical Evidence
	Portfolios
	Asset prices

	Conclusion
	Additional Equations and Results
	Drift and diffusion terms for any variable
	Returns, and risk premia
	Foreign investor problem
	Labor income
	Equilibrium
	Marginal values of wealth
	Evolutions of the state variables
	Consumptions, goods prices

	Additional Figures
	Economic setup
	Asset returns
	Portfolios

	Computation of the Equilibrium
	The International Financial System: Additional Results
	Additional dynamic aspects
	Counterfactuals and long-term trends
	Extensions

	Additional Empirical Results
	Empirical equivalent of Xt
	Portfolios


