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Abstract

This paper studies the composition of country portfolios under global imbal-

ances. When countries are identical, the optimal portfolio is fully diversified, which

reflects the cross-country symmetric self-hedging (Lucas, 1982). Assuming a struc-

tural country asymmetry in patience, we construct a model of portfolio choices that

features persistent non-zero net foreign assets (NFA). Because the latter opens a

gap between GNP and GDP, we found that an asymmetric hedging of net portfolio

returns emerges in addition to the otherwise only Lucas’symmetric self-hedging in

shaping the gross country portfolios, which implies a short (long) position of the

local asset in the debtor (creditor) country. The resulting portfolio is home biased.

We calibrate our model to the U.S. and China data over 1999−2017 and show that
it matches the portfolio data for countries with unbalanced net external positions

well.
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1 Introduction

Financial globalization has been accompanied by global imbalances (Lane and Milesi-

Ferretti, 2007, Gourinchas and Rey, 2013). By the end of 2018, more than 3/4 of coun-

tries had a net foreign asset (NFA) position that exceeded 20% of GDP . In the countries

considered to be the most important contributors of global imbalances, the NFA/GDP

ratio is even higher, over 25% in China, −40% in the U.S. and 60% in Japan and Ger-

many and it is expected to continue to diverge in the future (IMF, 2017). This implies a

correspondingly sizeable and growing gap between the gross external assets and liabilities

of these countries. However, in standard country portfolio models, e.g. Devereux and

Sutherland (2011) and Heathcote and Perri (2013), countries are assumed to be identi-

cal. In this paper, we ask how country portfolios are composed when countries possess

unbalanced net external positions.

The presence of non-zero NFA positions implies that the consumption in each country

is given by its GNP instead of its GDP . In a world where countries are identical (Lucas,

1982), optimal portfolio positions only consist of a cross-country symmetricGDP hedging.

This paper argues that under global imbalances, optimal portfolio positions do not only

consist of this GDP hedging but also a hedging associated with the difference between

GNP and GDP , i.e. the hedging of net portfolio returns, which subsequently influences

the international diversification of capital and the external adjustment of the country.

To formalize this idea, we build a model of global imbalances and country portfolios.

In our baseline two-country open economy model, first, we borrow a country asymmetry

in patience from Buiter (1981) to obtain global imbalances. Second, we allow for trade

in two equity-style assets as in symmetric models, e.g. Devereux and Sutherland (2011)

and Heathcote and Perri (2013). Third, we assume an overlapping generation (OLG)

structure à la Weil (1989) to ensure model stability in this asymmetric environment.

Specifically, we assume that households in the home country are less patient than

households in the foreign country (Buiter, 1981, Ferrero et al., 2007), which drives the

net capital flows from the foreign to the home country. Interpreted as vehicles of hedging

against (relative) national income risks, optimal portfolios are hence composed of portfolio

self-hedging and a hedging associated with the return on unbalanced net external posi-

tions. As in a symmetric model, the self-hedging entails a cross-country symmetrically

short position of local assets. However, because the two countries have an opposite status
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on international payments, the hedging of (current) net portfolio returns works in differ-

ent ways in the two countries. Taking local asset holdings as an example, this hedging is

negative in the home country while positive in the foreign country. To understand this,

as a net borrower (lender), the home (foreign) country pays (receives) interest on its net

external position. In response to a local income windfall, the interest payment is relatively

low. National income and consumption are relatively high (low) while the relative return

to the local asset is high. The local asset, therefore, is a bad (good) hedge against the

current return to the net portfolio of the home (foreign) country, which delivers a short

(long) position of the local asset.

The relative size of this asymmetric hedging has important implications for the pat-

tern of international diversification. We calibrate the model and find that the short (long)

position of the local asset implied by this hedging is less (more) sizeable in the home (for-

eign) country, i.e. the home country prefers to sell less of the home asset to the foreign

country while the foreign country holds more local asset domestically. International port-

folio allocation must therefore exhibit an equity home bias in the sense that both countries

hold more local assets in their own portfolio. This result is relevant when looking at the

past few decades of financial globalization in which cross-border financial transactions

have grown at a fast rate, while the level of asset home bias has fallen slowly (French and

Poterba, 1991, Lewis, 1999, Sercu and Vanpee, 2007, Coeurdacier and Rey, 2012, etc).

Through the lens of Lucas’ (1982) model, it is natural to conjecture that as the world

becomes more open, country portfolios should converge toward a full diversification. This

conjecture does, however, rely on the strong assumption of identical countries and is not

necessarily true when facing a world of NFA imbalances. According to our result, the

optimal portfolios in such a world are in fact characterized by a home-biased allocation,

instead of a fully-diversified (or a foreign-biased) allocation.

To explain the observed portfolios in the countries with large unbalanced NFA posi-

tions, in an extended model, we incorporate non-financial income and adopt a different

asymmetry of financial development (Caballero et al., 2008, 2017). We calibrate the model

and find that it produces portfolio positions that are broadly consistent with the U.S. and

China data between 1999 − 2017. Through this experiment, we emphasize that, first,

the emergence of the hedging of net portfolio returns does not hinge on the particular

asymmetry used. Once an asymmetry opens non-zero NFA positions, it simultaneously
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creates the need to hedge against the risk associated with net external income. Second,

by introducing the non-financial income, the magnitude of net and gross portfolios is

substantially reduced and approaches its empirical counterpart. However, once more, the

gap between the gross positions can only be justified in light of the new hedging under

global imbalances. Third, the degrees of international portfolio diversification feature a

heterogeneity that corroborates the following fact (Coeurdacier and Rey, 2012): In the

advanced borrowing country, the asset home bias is less significant than in the emerging

lending country, which is because, as before, the hedging of net portfolio returns requires

a short (long) position of the local asset in the home (foreign) country and hence tends

to dampen (strengthen) the asset home bias there.

Our work is related to a vast literature on global imbalances that uses different types

of country asymmetry to account for the persistent non-zero NFA positions between

the economically advanced and the emerging/developing countries. The explanations

include financial development (Mendoza et al., 2009, Caballero et al., 2008, Angeletos

and Panousi, 2011, Coeurdacier et al., 2015), productivity growth (Engel and Rogers,

2006), demographic dynamics (Henriksen, 2005, Attanasio et al., 2006), business cycle

volatility (Fogli and Perri, 2015), industrial structure (Jin, 2012), resource relocation

(Song et al., 2011), social security system (Eugeni, 2015) and sex imbalance (Wei and

Zhang, 2011), etc. While focusing on the determination of the net positions of external

assets, this line of literature generally does not touch on the issue of portfolio choices.

We fill the gap by taking an integrated approach to the net and gross positions of the

country’s external wealth.

This paper contributes to another large body of literature on the determination of

gross portfolios, most of which aims at reconciling the puzzling asset home bias with var-

ious types of hedging motives, e.g. Coeurdacier et al. (2010), Heathcote and Perri (2013)

that focus on labour income, Kollmann (2006) on real exchange rate risk, Coeurdacier

et al. (2007), Bretscher et al. (2016) on redistributive shocks and Berriel and Bhat-

tarai (2013) on government spending shocks. While this literature considers symmetric

models, we analyse the model of asymmetric countries. With the methodological devel-

opments such as Tille and Wincoop (2010), Devereux and Sutherland (2011), Evans and

Hnatkovska (2012) and Rabitsch et al. (2015), there has also been a growing literature

analysing asymmetric portfolio models. Devereux and Sutherland (2009) and Stepanchuk
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and Tsyrennikov (2015) look at the implications of asymmetric market specifications on

portfolio choices. Mukherjee (2015) and Steinberg (2018) emphasize the role of differing

corporate governance and an evolving global production structure in explaining the lack

of portfolio diversification in emerging and developing countries. Our key difference from

these papers is that we focus on how, in general, non-zero NFA positions affect the gross

portfolio composition via the hedging of net portfolio returns.

Our model also sheds some light onNFA dynamics. In a model that focuses on trade in

one asset, e.g. Obstfeld and Rogoff (1996) and most of the literature on global imbalances,

a country’s external adjustment contains a trade balance effect and an intertemporal

terms-of-trade effect (or a valuation effect through net external positions). However,

a portfolio valuation effect (on gross positions) is absent because it is not possible to

distinguish gross portfolios from net portfolios. In the models with portfolio choices but

without global imbalances, e.g. Devereux and Sutherland (2010a), Tille and Wincoop

(2010) and Ghironi et al. (2015), however, external adjustment takes through the trade

balance effect and the valuation effect (on gross positions). The intertemporal terms-of-

trade effect is absent because net portfolios are zero in these symmetric models. Some

other studies, e.g. Blanchard et al (2005) and Gourinchas and Rey (2007), accommodate

the two aspects but generally use an approach which lacks microeconomic foundations.

Embedded with both country asymmetry and portfolio choices, our model captures all

three channels of external adjustment and is potentially more suitable for evaluating the

implications of related shocks and policies.

We present the baseline model in Section 2. Sections 3 and 4 analyse the portfolio com-

position under the global imbalances and its implications for international diversification

and external adjustment. In Section 5, we calibrate the model, consider its extensions,

and contrast the model with data. Section 6 concludes the paper.

2 The baseline model

The model is essentially Weil (1989) extended to a two-country world with a country

asymmetry in patience (Buiter, 1981) and international portfolios (Devereux and Suther-

land, 2011). Specifically, this is a one-good, two-country endowment economy. Except

for the asymmetric patience defined below, all other aspects of the two countries are the
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same. We will only describe the home country and use an asterisk to denote foreign

variables when necessary. In each country, at time t = 0, the population is normalized

to 1. It grows at a constant gross rate of ñ ≡ 1 + n > 1 afterwards and no one dies. A

household born at time v maximizes

U v
t = Et

∞∑
s=t

βs−t log (cvs) (1)

in the period t > v, where β and cvs are the discount factor and individual consumption,

respectively. Superscripts are used to denote vintage and subscripts for time.

The budget constraint for vintage v household at time t is

αv1t+1 + αv2t+1 = αv1tr1t + αv2tr2t + yvt − cvt (2)

where αv1t+1 and α
v
2t+1 denote the household’s gross holdings of the two assets, defined

below, at the end of time t. r1t and r2t are the gross rates of return of assets from time

t− 1 to t. Individual endowment and consumption are yvt and c
v
t . Eq.(2) states that the

net wealth of a household is given by the portfolio returns plus the net saving.

The maximisation of Eq.(1) subject to Eq.(2) yields the individual Euler equations

(cvt )
−1 = βEt

[(
cvt+1

)−1
rjt+1

]
(3)

for j = 1, 2 and v = 1, 2, ..., t. Analogous conditions apply for the foreign country.

By asymmetric patience, we assume β < β∗. There are three reasons for this. First, as

shown by Buiter (1981), a differing patience leads to unbalanced NFA positions. Second,

it simplifies the model solution. We aim at answering our questions in a relatively simple

framework à la Lucas (1982). To capture global imbalances in such a framework, the

other country asymmetries are either impossible or require additional assumptions and

therefore create an increased complexity, while there is no essential change in our key

result. As will be clear, what matters here is that the global imbalances, regardless of

where they come from, open a gap between GNP and GDP , and therefore create a

new hedge motive for households to hold portfolios. As such, third, we are using the

asymmetric βs as a catch-all for the factors underlying the global imbalances. Ferrero et

al. (2007) utilize the same strategy when investigating the implications of current account
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Households make their
portfolio decisions in the face
of stochastic endowments.

Endowment shocks are
realized.

Economy responds to the
shocks given
optimallychosen portfolios.

Global economy consists of
two structurally asymmetric
countries: home households
are less patient.

Figure 1: Timeline of the model.

dynamics on optimal monetary policy. Moreover, according to the literature (Bernanke,

2005, Gourinchas and Jeanne, 2013, Gourinchas and Rey, 2013), to explain the global

imbalances, the relevant factors also operate through generating an excess saving and a

depressed autarky interest rate in the less developed countries. Instead of identifying the

source of global imbalances, we focus on their impact on the portfolio composition. We

emphasize that, once appearing, the unbalanced NFAs expose households with additional

income risks to be hedged by choosing portfolios. We will consider a different asymmetry

in Section 5 and show that this mechanism remains, regardless of the type of country

asymmetry that is used.

We assume that two assets are traded internationally. They represent claims on the

endowment of the issuing country with returns defined by

r1t =
yt + z1t

z1t−1

, r2t =
y∗t + z2t

z2t−1

(4)

z1t and z2t are equity prices. Following Weil (1989), we assume that yvt = yt, yv∗t = y∗t for

all v and t. yts represent per-capita aggregate incomes that are shocked:

log (yt/y) = µ log (yt−1/y) + εt, log (y∗t /y
∗) = µ log

(
y∗t−1/y

∗)+ ε∗t (5)

In the paper, a per-capita variable without a time subscript denotes its steady-state value.

We normalize y = y∗ = 1 and assume 0 ≤ µ ≤ 1. ε and ε∗ are zero-mean innovations

with var (ε) = var (ε∗) = σ2 and cov (εε∗) = 0.

We complete the model description with a timeline of the model, see Figure 1.
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2.1 Global imbalances in steady state

As shown below, the international interest rate of the non-stochastic steady state r1 =

r2 = r will lie in between 1/β∗ and 1/β. Individual consumption is hence tilted downwards

in the home country and upwards in the foreign country. There is no steady state for

individual variables. However, with the assumed demographic structure, the aggregate

per-capita steady state is available and features NFA global imbalances. We describe

this steady state below.

Net foreign assets To find the steady-state per-capita NFA, we rewrite Eq. (2) as

wvt+1 = wvt r2t + αv1trxt + yvt − cvt by defining wvt+1 = αv1t+1 + αv2t+1 as household net wealth

and rxt = r1t−r2t as the excess return of asset 1 over asset 2. Using this budget constraint

and Euler equations, we obtain the individual consumption function

cvt = (1− β)

[
rwvt +

∞∑
i=0

1

ri
yt+i

]
(6)

Following Weil (1989), we assume that households are born with no wealth. Therefore,

cnt ≡ ctt = (1− β)
∞∑
i=0

1

ri
yt+i (7)

where we introduce cnt with a superscript n to denote the consumption of new-borns.

We aggregate the individual budget constraint and the consumption function to yield

wt+1 = rβ
ñ
wt + rβ−1

ñ(r−1)
yt. Assuming a stability condition τ ≡ rβ/ñ < 1, we obtain

w = α1 + α2 =
rβ − 1

(ñ− rβ) (r − 1)
< 0 (8)

Since (rβ − 1) < 0, the home country will be in a position of net debt. In contrast, the

foreign country will be in a position of net credit, w∗ = rβ∗−1
(ñ−rβ∗)(r−1)

> 0. These results

confirm the intuition that the impatient country consumes by borrowing while the patient

country saves by lending.

International interest rate Table 1 shows the net holdings of assets in the two coun-

tries. Asset market clearing requires z1 + α1 + α∗1 = z1 and w − α1 + z2 + w∗ − α∗1 = z2,
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Table 1: Net asset holdings across countries
Home holdings Foreign holdings

Asset 1-Home equity α1+z1 α∗1
Asset 2-Foreign equity α2= w − α1 α∗2+z2= w∗−α∗1+z2

which is equivalent to α∗1 = −α1 and w∗ = −w. The first equation implies that in solving
portfolio allocations, we only need to solve for α1. The other three αs are linked to α1

through w and z. Denoting α ≡ α1, we focus on solving for α in Section 3. The second

equation states that the positions of home deficit and foreign surplus should be equal,

which determines r

r =
(1 + ñ) (β + β∗)−

√
(1 + ñ)2 (β + β∗)2 − 16ñββ∗

4ββ∗
(9)

It is easy to verify our previous assertion that 1/β∗ < r < 1/β. In addition, r is decreasing

in the βs and increasing in ñ.

Consumption Eq.(2) implies c = 1 + (r − ñ)w. We assume r > ñ and focus on the

case of a dynamically effi cient steady state. In this case, we have w < 0 and c < 1 for

the home country while we have w∗ > 0 and c∗ > 1 for the foreign country. That is, the

impatient country consumes less than its average income, which reflects the fact that the

country runs a trade deficit and some domestic resources are used to service international

interest payments. In contrast, with a relatively higher β, the foreign country as a whole

consumes more than its average income because per-capita GNP is higher than GDP

and there is a positive international interest income.

For later use, we derive a relation between c and cn, c = n
(ñ−rβ)

cn. Because in each

period, the new-born cohort only accounts for n/ñ of the total population, the steady-

state fraction of consumption that is due to new-borns is given by n
ñ

(ñ−rβ)
n
≡ 1 − τ .

The remainder, τ , represents the steady-state fraction of consumption that is due to old

generations. This provides an interpretation of the stability condition previously imposed,

i.e. τ < 1 for wt+1 = τwt + rβ−1
ñ(r−1)

yt to converge to (8). This condition does actually just

require that the consumption share of the old and that of the new-born are both positive,

which is mild and economically sensible.
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3 Optimal portfolios under global imbalances

The growing literature on portfolio computation provides the method for solving the

model. Previously, portfolio choices in macroeconomic models have not been easy to

compute. This is because, when applying the standard first-order log-linearization tech-

nique, we lose the higher-order terms that capture the risk characteristics of assets, from

which portfolios are indeterminate. This literature, e.g. Tille and Wincoop (2010) and

Devereux and Sutherland (2011), therefore suggests approximating the portfolio equations

to a higher-order accuracy in order to capture the assets’risk characteristics. Following

the literature, we approximate the model up to second-order accuracy around the above

steady state. With unbalanced NFAs and population growth, the current model pro-

duces income risks and optimal asset holdings that are different from a symmetric model.

We analyse them in this section.

Throughout the paper, a hat variable denotes its log-deviation from the steady state,

e.g. ĉt = log
(
ct
c

)
and r̂t = log

(
rt
r

)
, except for ŵ. In conventional symmetric models,

w = 0 so ŵ is usually defined as a deviation of wt relative to steady-state GDP , i.e.

logwt − log y. We follow this to make the comparison between the results in our paper

and the existing literature more convenient.

The optimal condition for α is (Appendix C)1

Et−1

[
ĉDt r̂xt

]
= 0 (10)

where ĉDt ≡
[

1
τ

(ĉt − (1− τ) ĉnt )− 1
τ∗ (ĉ∗t − (1− τ ∗) ĉn∗t )

]
can be referred to as the cross-

country portfolio-relevant consumption differential. According to this condition, α is

determined by first-order behaviours of the excess return r̂xt and ĉDt . r̂xt has the same

form as in a standard symmetric model, r̂xt = (r−1)
(r−µ)

(εt − ε∗t ). For ĉDt , apart from τ , τ ∗ 6= 1,

it differs from that of a symmetric model, i.e. (ĉt − ĉ∗t ) (Appendix A), by subtracting the
relative consumption of new-borns. This is because we assumed that new-borns are born

with zero assets and do not make any portfolio choices.

Eq. (10) also tells us how to interpret α. Given the concave utility function, it is

always desirable for households to ensure a relatively smooth pattern of consumption

across uncertain states. In the model, this is achieved by households investing in assets

1Throughout the paper, appendix refers to the Online Appendix to the paper.
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with a relatively high return while their income and consumption are relatively low. α

can be viewed as a hedging of the relative national income risks underlying ĉDt .

Appendix D shows that

ĉDt =
r

r − µñ

[
1− β
cτ

ŷt −
1− β∗

c∗τ ∗
ŷ∗t

]
− ñ

r − µñ

[
(1− τ)

τ
ĉnt+1 −

(1− τ ∗)
τ ∗

ĉn∗t+1

]
+rφwr̂2t +

ñ

r
rφwΣrn

t+1 −
[

(1− τ)

τ
ĉnt −

(1− τ ∗)
τ ∗

ĉn∗t

]
+ rφαr̂xt (11)

where φ ≡ (1−β)
cτ

+ (1−β∗)
c∗τ∗ and Σrn

t+1 ≡ Σ∞i=0

(
ñ
r

)i
r̂t+1+i. Except for rφαr̂xt, ĉDt consists of

the following risk factors:

1. The (relative) endowment effect ĉDt [1], i.e. the first two terms on the right-hand-side

(RHS). The first term, r
r−µñ

[
1−β
cτ
ŷt − 1−β∗

c∗τ∗ ŷ
∗
t

]
, denotes the relative endowment move-

ment belonging to both the existing and yet-to-be-born generations. The second term,
ñ

(r−µñ)

[
(1−τ)
τ
ĉnt+1 −

(1−τ∗)
τ∗ ĉn∗t+1

]
, only denotes those due to the yet-to-be-born generations.

The difference between them can be viewed as a relative GDP effect, the only term that

is present in a symmetric model.

2. The (relative) current and future net-portfolio-return effects ĉDt [2] = rφwr̂2t and

ĉDt [3] = ñ
r
rφwΣrn

t+1. They emerge because w 6= 0, which implies non-zero international

payments. These and the above ĉDt [1] taken together can be viewed as a relative GNP

effect.

3. The (relative) new-borns’consumption effect ĉDt [4] = −
[

(1−τ)
τ
ĉnt −

(1−τ∗)
τ∗ ĉn∗t

]
. It

emerges because, as mentioned, only the old cohorts’decisions matter in order to deter-

mine the optimal portfolio. It disappears in a standard symmetric model because the

OLG structure is unnecessary and absent there.

Making use of Eqs. (10) and (11), we obtain

α = −cov (∆yt, r̂xt)

var (r̂xt)︸ ︷︷ ︸
α[1]<0

−wcov (r̂2t, r̂xt)

var (r̂xt)︸ ︷︷ ︸
α[2]<0

− ñw
r

cov
(
Σrn
t+1, r̂xt

)
var (r̂xt)︸ ︷︷ ︸
α[3]

+
cov (∆cnt , r̂xt)

var (r̂xt)︸ ︷︷ ︸
α[4]>0

(12)

where ∆yt ≡ 1
rφ
ĉDt [1] and ∆cnt ≡ 1

rφ
ĉDt [4] are relative income and relative new-borns’

consumption. We explain α’s components in turn.
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Diversification term or self-hedging term α [1] = − 1
2(r−1)

(r−µ)
(r−µñ)

+ 1
2rφ

µñ
r−µñ

[
1−τ
τ

+ 1−τ∗
τ∗

]
.

It reflects the households’motive to hedge against ĉDt [1]. Imposing ñ = 1, τ = τ ∗ = 1, it

collapses into the case of a symmetric model, α = − 1
2(r−1)

= − z
2
, i.e. a full diversification

of portfolios (Lucas, 1982, Devereux and Sutherland, 2011, Coeurdacier and Rey, 2013,

etc). Appendix E proves that the self-hedging in the baseline model is identical to that

of a symmetric model, i.e.

α [1] = − 1

2 (r − 1)
< 0.

α contains the following additional components due to the presence of country asym-

metry and population growth in our model.

Hedging the current net portfolio returns

α [2] = −(r − µ) (ζr2e1 − ζr2e2)w

2 (r − 1)
< 0

where ζr2e1 and ζr2e2 are responses of r̂2t to home and foreign shocks {εt, ε∗t}. It reflects
households’motive to hedge against ĉDt [2]. In symmetric models where w = 0, α [2] = 0.

The sign of α [2] depends on the relative magnitude of ζr2e1 and ζr2e2. According to

the asset pricing relations, a positive shock in either country increases the rate of return

for both assets. For the abroad asset, the increase in the return arises because of lower

expected future interest rates and thus higher capital gains today. For the local asset,

the increase arises because of not only higher capital gains but also a higher dividend

payment. Thus, ζr2e1 and ζr2e2 are both positive and ζr2e1 < ζr2e2.

This hedging is negative. Note that the home country is a debtor country and has

to pay interest on w. Home and foreign (positive) shocks both boost the current interest

rate and thus also the interest payment to the foreign country. Since ζr2e1 < ζr2e2, the

increase in the interest payment is smaller in response to the home shock. That is, when

home consumption is high, the excess return is also high, so asset 1 is a bad hedge against

the risk of this income stream. The home country therefore chooses to short asset 1.

Hedging the future net portfolio returns

α [3] = −(r − µ) (ζsre1 − ζsre2)

2 (r − 1)

ñw

r
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where ζsre1 and ζsre2 are the responses of Σrn
t+1 to home and foreign shocks {εt, ε∗t}. Since,

as a supply shock, the endowment increase in either country tends to reduce the expected

future interest rates, ζsre1 and ζsre2 are both negative.

The sign of α [3] depends on the relative magnitude of ζsre1 and ζsre2. In other words,

it depends on the answer to the following question: under global imbalances, in which

country does an income rise depress the expected future interest rate more effi ciently?

If the foreign income shock is more powerful in this regard, then α [3] is positive. To

understand this, note that the home country has to pay interest on w not only in the

current period but also in subsequent periods after shocks. Home and foreign (positive)

shocks both depress the expected future interest rates. When ζsre1 > ζsre2, the home

shock induces a relatively moderate decrease in interest payments (so consumption is

relatively low) while the excess return on asset 1 is relatively high. Thus, asset 1 is a

good hedge against the future net portfolio return risk in terms of smoothing relative

consumption. The home country therefore chooses a long position on asset 1. Otherwise,

if ζsre1 < ζsre2, asset 1 would be shorted.

Adjustment term due to the demographic structure

α [4] =
1

2rφ

[
1− τ
τ

+
1− τ ∗
τ ∗

]
> 0

Because we assumed that it is only the decisions of the old population that matter,

the above term corresponds to a deduction of the consumption of yet-unborns from ĉDt .

Note that the deduction is more responsive to the home shock than to the foreign shock,
(1−τ)
τ

> (1−τ∗)
τ∗ . When, for instance, there is a positive shock to the home country, because

the deduction of new-borns’consumption is relatively high, ĉDt is relatively low while r̂xt
is relatively high. So asset 1 is, in a sense, a good hedge against this part of risk, which

explains a positive sign of α [4].

4 Portfolio diversification and external adjustment

With the above additional hedging terms, the implied portfolio is expected to differ from

the full diversification of Lucas (1982). In particular, we wonder if it is biased toward the
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local or abroad asset. Since z1 = z2, we only need a condition concerning one of the two

countries. For the case of home bias, this is (z1 + α1) / (z1 + α1 − α∗2) > 1/2, i.e. the share

of asset 1 in the home country’s portfolio exceeds that in the world portfolio. Appendix F

shows that, similar to α, the foreign gross holding of foreign asset α∗2 ≡ α∗ also comprises

the same hedging terms as in Section 3. However, in α∗, first, the hedging of current net

portfolio returns α∗ [2] = −w∗ cov(r̂1t, r̂∗xt)
var(r̂∗xt)

> 0 as opposed to α [2] = −w cov(r̂2t, r̂xt)
var(r̂xt)

< 0.

Second, all other hedging terms are the same as in α. Therefore, whether the portfolio

allocation is home-biased or not depends on the relative size of α [2] and α∗ [2] that is

controlled by the above covariances. An equity home bias emerges if cov (r̂1t, r̂
∗
xt) <

cov (r̂2t, r̂xt) < 0 where r̂∗xt ≡ −r̂xt = r̂2t− r̂1t. To understand, when this condition holds,

the hedging of the current net portfolio returns implies a relatively smaller short position

of the home asset in the home portfolio, while it implies a relatively larger long position

of the foreign asset in the foreign portfolio. All other hedging terms and asset supplies

being equal, this means that both countries hold relatively more of their local asset in

their country portfolios.

Both w and α being determined, we combine the two countries’budget constraints to

obtain

ŵt+1 − ŵt =
r − ñ
ñ

ŵt +
rw

ñ
r̂2t︸ ︷︷ ︸

TTt

+
rα

ñ
r̂xt︸ ︷︷ ︸

V ALt

+
1

2ñ
[ŷt − ŷ∗t − (cĉt − c∗ĉ∗t )]︸ ︷︷ ︸

TBt

(13)

Besides the traditional trade channel TB, an intertemporal terms-of-trade effect on net

portfolios (TT ) and a valuation effect on gross portfolios (V AL) are generated at the same

time. The two additional effects, TT and V AL, are both portfolio “valuation effects”and

are captured empirically in the literature (Gourinchas and Rey, 2007). The existing

theoretical models, however, fail to capture the two effects at the same time. The V AL

effect is missing from the traditional single-bond literature because α is absent there,

e.g. Bhagwatti (1958) and Obstfeld and Rogoff (1996). When they refer to the valuation

effect, it is actually only the TT effect that exists. On the other hand, the TT effect

is missing from recent symmetric models of country portfolios because w = 0 there, e.g.

Devereux and Sutherland (2010a), Tille and Wincoop (2010) and Ghironi et al. (2015).

When they refer to valuation effects, it is actually only the V AL effect that exists.
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Iterating forward Eq. (13), we obtain the intertemporal external constraint

ŵt = −
+∞∑
j=0

[
ñ

r

]j+1

{TTt+j + V ALt+j + TBt+j} .

This equation can be read in parallel with the similar equations in the literature, for

example Eq. (9) of Gourinchas and Rey (2007) and Eq. (3) of Blanchard et al. (2005).

Note that because the net and gross portfolio positions are endogenously determined in

this model, the terms of trade and valuation effects generated here are fully endogenous

and micro-founded in contrast to these two other papers.

5 Model calibration and extension

5.1 Calibrating the baseline model

There are only four parameters in the baseline model, two βs, n and µ. Taking one year

as the frequency, we set β at 0.96 as is commonly used in the literature. As a benchmark,

we set β∗ one percentage higher and n at 0.01,2 under which the stability and dynamic

effi ciency conditions, i.e. τ , τ ∗ < 1 and r > ñ, hold. These are combined to imply an

autarky annual interest rate of 4% in the home country while it is 1% lower in the foreign

country. µ is set to be the medium estimate by Smets and Wouters (2007).

Column (3) of Table 2 lists all parameter values and the resulting steady state. Given

the parameterization, r is computed to be around 3.4%. The magnitudes of the NFA

position and the asset supplies are very large. A one percent difference between βs results

in a w of around 12.5 times GDP . The asset stock is around 30 times GDP . Both are

too large from an empirical point of view. This is because, like Lucas (1982), we assume

that all incomes are capitalizable. We stick to this specification here to make it easy to

compare the portfolio models with and without global imbalances that are both based

on the Lucas’(1982) full-diversification benchmark. We will relax this assumption in the

next section.
2Cavallo and Ghironi (2002) and Ghironi (2006) find that the average rate of quarterly population

growth for the U.S. between 1973:1 and 2000:3 has been 0.0025.
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Variable Symmetric model This asymmetric model
Home discount factor β 0.96 0.96
Shock persistence µ 0.95 0.95
Population growth rate n - 0.01

(1) (2) (3) (4) (5)
Foreign discount factor β∗ 0.96 0.965 0.97 0.975 0.98
Home Euler equation parameter τ - 0.987 0.983 0.978 0.974
Foreign Euler equation parameter τ ∗ - 0.992 0.993 0.994 0.994
Home net foreign asset w 0 -6.37 -12.47 -18.59 -25.67
International interest rate r 1.042 1.038 1.034 1.029 1.024
Asset stock z1, z2 24 26.108 29.414 34.184 41.10
Home consumption c 1 0.82 0.70 0.64 0.63
Foreign consumption c∗ 1 1.18 1.30 1.35 1.37
Optimal portfolio holding α -12 -16.106 -20.773 -26.146 -33.012
- Self-hedging α[1] -12 -13.054 -14.707 -17.092 -20.550
- Hedging current NFA returns α[2] 0 -3.183 -6.221 -9.247 -12.720
- Hedging future NFA returns α[3] 0 0.002 0.009 0.025 0.054
- Demographic adjustment term α[4] 0 0.129 0.146 0.169 0.204
cov (r̂2t, r̂xt) -0.2066 -0.1880 -0.1634 -0.1356 -0.1062
cov (r̂1t, r̂

∗
xt) -0.2066 -0.1883 -0.1642 -0.1369 -0.1081

var(r̂xt) 0.4132 0.3763 0.3276 0.2725 0.2143
External adjustment - Trade effect 0.5 0.575 0.625 0.645 0.637
- Intertemporal TT effect 0 -1.653 -3.349 -5.172 -7.378
- Gross portfolio V AL effect -5.6818 -7.182 -8.607 -9.835 -10.959
(z1+α)/(z1+α− α∗) 0.5 0.5068 0.5101 0.5154 0.5242

Table 2: Simulation of the baseline model (y and y* are normalized at 1)
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Figure 2: Steady-state international portfolios under global imbalances.
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Figure 3: Response of r̂2t, Σrn
t+1 and r̂1t to a positive home (solid line) shock ε and a

foreign (dashed line) shock ε∗. By panel (a), ζr2e1 < ζr2e2. By panel (b), ζse1 > ζse2.
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International portfolios The α is computed to be −20.773. Figure 2 plots its com-

ponents and the implied portfolio allocation. The left half of the figure shows α [1] to

α [4] with 4 bars. To represent their signs, negative components are accumulated from

the top line (whose height denotes z1 = z2) downwards, while positive components are

accumulated the other way around. The height of the bars corresponds to their sizes.

For the first and longest bar to the left α [1], because home GDP always moves in the

same direction as the home asset return, the home asset is a bad hedge against the risk. It

is shorted by home households. The second bar represents α [2]. Since Cov (r̂2t, r̂xt) < 0,

or from Figure 3 (a), r2t always increases more in response to the foreign shock than to

the home shock 0 < ζr2e1 < ζr2e2, the home asset is a bad hedge against the associated

income. Home households further short the home asset. As for α [3], Figure 3 (b) shows

that Σrn
t+1 is more responsive to the shock in the foreign country 0 > ζsre1 > ζsre2. This

leads to a positive α [3]. Finally, α [4] is always positive as expected.

In terms of size, because α [1] is linked to the risk associated with the relative GDP

effect, the most important source of risk, the diversification term is the largest component,

α [1] = −14.707. As proved, it equals z/2. Under global imbalances, α [2] is linked to

the risk associated with the income difference between GNP and GDP , which should be

secondary as compared to GDP risks. The hedging is thus less substantial. However,

with a very large w here, the hedging is still considerable, α [2] = −6.221. Lastly, α [3]

and α [4] are found to be small. By selecting a low n, α [4] is purposefully kept small.

α [3] is small because asset prices have the opportunity to adjust such that the expected

future asset returns respond to the two shocks with not much difference (Figure 3 (b)).

The right-hand half of Figure 2 shows the portfolio diversification. There are two wide

columns representing z1 = z2. The values are divided by two solid lines so that there are

four cells representing portfolio holdings in our model, i.e. the foreign holding of the home

asset of 20.773, the home holding of the home asset of 8.641, the home holding of the

foreign asset of 8.300, and the foreign holding of the foreign asset of 21.114, respectively.

Another dashed line in the middle of the two columns divides them into four cells of the

same area, corresponding to the Lucas’(1982) fully diversified allocation.

The current model deviates from the Lucas’(1982) symmetric case in two ways. First,

the NFAs are non-zero. The two solid lines move from the dashed line downwards to

create an area that represents the presence of global imbalances. Second, the net portfolio
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allocations under global imbalances exhibit an asset home bias. Note that the left solid

line is higher than the right one. That is, the home (foreign) holding of the home (foreign)

asset is larger than the home (foreign) holding of the foreign (home) asset, even though

the two assets are equally supplied in the world. As analysed, the asymmetry in the model

biases the portfolio of the two countries towards local assets through the heterogeneous

hedging of net portfolio returns across countries.3

Risk-sharing and external adjustment Figure 4 plots the economy’s response to a

home shock in the cases with (solid line) and without (dashed line) holdings of interna-

tional portfolios. By ‘without portfolio’, we mean that the condition of α = 0 is imposed.

We show this hypothetical case and compare it to the case with portfolios in order to

highlight the role of the presence of portfolio choices in giving rise to the V AL effect.4

Panels (a) to (h) depict responses of ĉD, ŵ, home and foreign consumption, the trade

balance effect, the terms of trade effect, the valuation effect, and the income shock ε.

In the case without portfolio holdings, most of the effect of a higher ε will be on

home consumption because the shock mainly works through the increased GDP (see the

high dashed line in (c) compared to the low dashed line in (d)). The gap between home

and foreign consumption is thus very large at around 0.73, as shown in (a). However, if

optimal portfolios are in place, the rise in the home endowment affects consumption not

only by affecting GDP , but also by affecting portfolio returns. The attendant negative

TT and V AL effects imply a large wealth transfer from the home to the foreign country.

Net external wealth, ŵ, is lower than in the case without portfolios (see (b)). Home

consumption is depressed (to the low solid line in (c) at the level of around 0.5) at the

same time as foreign consumption is elevated (to the high solid line in (d) also at the

level of around 0.5). The consumption differential across countries is thus narrowed down

substantially, indicating a significantly improved level of risk-sharing across countries.

To better see the roles of trade and valuation channels in affecting a country’s external

adjustment, we plot each component of ŵ in the remaining panels of Figure 4. (e) shows

that the positive home shock raises the trade balance, which is due to the fact that

when GDP increases, consumption increases but less than one for one. Without portfolio

3These results are robust to a series of checks, see Appendix I.
4In Appendix G, we instead compare ŵ’s dynamics to that without country asymmetry to highlight

the role of non-zero ws in generating the TT effect.
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Figure 4: IRFs to home shock in a model with (solid line) and without (dashed line) gross
portfolio choices
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choices, this is represented by the dashed line in (e). If countries hold optimal portfolios,

the increase in home consumption will be lesser because there will be a negative V AL

effect (shown below) which reduces wealth. The trade balance can therefore be higher (a

higher solid line than dashed line in (e)). For (f), first look at the dashed line. Because

r̂2 is immediately driven up after the shock, the TT effect is lower in the first period.

In subsequent periods, r̂t+i is negative but close to 0. Thus, the interest payment on

the negative position of NFA becomes positive, but is also close to 0. The inclusion

of portfolio choices has no significant impact on the TT effect because the TT effect is

mainly linked to the net instead of the gross portfolio position. (g) shows that when ŷt
increases, a substantial rise in r̂x combined with α < 0 leads to a large negative V AL

effect. Because the expected future excess returns are 0 in this model, we do not observe

any valuation effects in subsequent periods. The dashed line of (g) lies at 0 because the

presence of the V AL effect is linked to α. When α = 0, the effect disappears.

Table 2 also reports the sizes of these effects. A one percent increase in ŷt leads to a

0.63 percent increase in the trade balance. In the case without the country asymmetry

and portfolio choices, this constitutes the entire adjustment in NFA on impact, so that

ŵ improves. However, with the presence of the country asymmetry, an external deficit

implies a higher interest payment in the home country. So ŵ decreases through the

negative TT effect, which is −3.35%. Moreover, if portfolios are optimally chosen, then

ŵ decreases further as the V AL effect contributes another 8.61% adjustment downwards.

5.2 Extending the baseline model

Non-financial income and alternative country asymmetry To only confine our

attention to the impacts of global imbalances on financial integration, in the baseline

model, we consider a most parsimonious set of assumptions and deliberately exclude

many realistic features for such a model to empirically account for observed country

portfolios. In particular, we maintain the assumption that all incomes are capitalizable.

In reality, most incomes are non-diversifiable. The role of labour-income hedging can

be crucial (Coeurdacier et al., 2010 and Heathcote and Perri, 2013). Besides, in the

baseline model, non-zero net portfolios emerge due to the differing patience. Yet the

literature finds many other complementary forces at play. For instance, Caballero et al.

(2008, 2017) argue that the differing financial development of countries is an important
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reason for the phenomena. In what follows, we extend the baseline model in these two

aspects. Our questions are: is the hedging of returns on the net external position still

important and will the magnitude of portfolio positions and diversification become more

plausible when confronting the data?

Consider the same demographic structure and utility function as in the baseline model.

However, the budget constraint now reads

αv1t+1 + αv2t+1 = αv1tr1t + αv2tr2t + ylt + ykt − cvt .

While other notations are familiar, ylt denotes a perishable endowment that the household

receives. Besides this income, there are some “trees” in each country which serve as a

storage of value and generate an income of ykt. Equity assets represent claims on the yield

of these trees.

Let us refer to ykt and ylt as the financial and non-financial incomes. Total income yt
is assumed to be given by the sum of ykt, ylt and a value loss that is proportional to the

stock of trees, dt = nz1t. We use a parameter δ to describe the share of these incomes

in steady state, i.e. with y = 1, yk = δ − nδ
(r−1)

, yl = 1 − δ and d = nδ
(r−1)

. Following

Caballero at al. (2008), we assume δ > δ∗ in the two countries to capture their difference

in financial development: the home (foreign) country supplies more (less) asset.

Total incomes follow the same process as in the baseline model. To capture the negative

correlation between the financial and non-financial incomes, we follow Bretscher et al.

(2016) and Coeurdacier and Gourinchas (2016) in assuming redistributive shocks between

the financial and non-financial incomes, êt = µdêt−1 +εdt, ê
∗
t = µdê

∗
t−1 +ε∗dt. For simplicity,

we assume that µd = µ and all shocks have the same variance and zero covariance.5

It follows that NFA global imbalances emerge here with the unbalanced financial

developments. In particular, the autarky interest rate is relatively higher in the home

country, (1 + nδ) /β > (1 + nδ∗) /β. r lies in the exact middle of the two autarky interest

rates at
(
1 + nδ̄

)
/β with δ̄ = (δ + δ∗) /2 denoting the average financial development,

which channels net capital from the foreign country w∗ =
(δ̄−δ∗)

(1−δ̄)(r−1)
> 0 to the home

5See Appendix H for a full description of the extended model.
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country w =
(δ̄−δ)

(1−δ̄)(r−1)
< 0. The optimal α can be found to be

α = − cc∗

(c+ c∗) r

cov (∆ykt, r̂xt)

var (r̂xt)
− cc∗

(c+ c∗) r

cov (∆ylt, r̂xt)

var (r̂xt)

−wcov (Σrn
2t , r̂xt)

var (r̂xt)
+

cc∗

(c+ c∗) r

1− τ
1− β

cov (∆cnt , r̂xt)

var (r̂xt)
(14)

where ∆ykt and ∆ylt are the relative financial and non-financial incomes and Σrn
2t =

r̂2t + ñ
r
Σrn
t+1. Ignoring the last demographic adjustment term, now the hedging of net

portfolio returns does not only work with self-hedging but also with a hedging of non-

financial income.

Model calibration We calibrate the extended model to the U.S. and China’s data over

1999− 2017.6 1999 is selected because not until that year did China start to persistently

accumulate positive NFA (Table 3). Prior to the calibration, we discuss two factors that

may impact the accuracy of the mapping between the model and the data.

In our model, although asymmetric, the two countries are equal in the sense that,

first, the two countries feature the same degree of financial integration. Second, although

with opposite signs, the NFAs of the two countries are of the same size. However, the

data and the literature, e.g. Lane and Milesi-Ferretti (2007, 2017), Gourinchas and Rey

(2013), suggest that for different groups of countries, their degrees of financial integration

may differ - usually, advanced countries are more financially integrated than emerging and

developing countries. They play an unequal role in contributing to the global imbalances

- the U.S.’net external debt is much bigger than the credit in China. These two things

may be correlated - more financially integrated countries, particularly financial centres,

are associated with a larger NFA position. These are broadly true between the U.S. and

China, see Table 3.

Besides, the model implies a tight relation between a country’s relative capital stock

and the size of NFA, an underpinning of the hypothesis of global imbalances as a result of

the differing δs (Caballero et al., 2008, Gourinchas and Rey, 2013). Specifically, the model

implies that z1 − z2 = δ−δ∗
(r−1)

= 2
(
1− δ̄

)
w∗. That is, to explain a difference of w = 1% in

the model, z1 and z2 need to differ by (exactly) 2
(
1− δ̄

)
%. The data for the U.S. and

6The data source is detailed in Appendix I Table 4.
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U.S. China
Year GA

GDP
GL
GDP

NFA
GDP

GA
GDP

GL
GDP

NFA
GDP

1987 0.32 0.36 -0.04 0.11 0.14 -0.02
1988 0.34 0.39 -0.05 0.11 0.14 -0.02
1989 0.36 0.42 -0.06 0.10 0.13 -0.03
1990 0.36 0.41 -0.06 0.20 0.18 0.02
1991 0.37 0.43 -0.06 0.24 0.19 0.05
1992 0.35 0.43 -0.08 0.17 0.20 -0.03
1993 0.40 0.46 -0.06 0.16 0.23 -0.07
1994 0.41 0.46 -0.06 0.24 0.31 -0.07
1995 0.46 0.53 -0.07 0.22 0.30 -0.09
1996 0.50 0.57 -0.07 0.23 0.31 -0.08
1997 0.54 0.64 -0.10 0.29 0.33 -0.05
1998 0.57 0.68 -0.11 0.32 0.33 -0.01
1999 0.64 0.72 -0.09 0.34 0.34 0.00
2000 0.63 0.77 -0.14 0.36 0.33 0.03
2001 0.62 0.81 -0.19 0.37 0.34 0.03
2002 0.63 0.83 -0.20 0.40 0.34 0.07
2003 0.69 0.89 -0.20 0.44 0.35 0.09
2004 0.79 0.99 -0.20 0.48 0.35 0.14
2005 0.95 1.12 -0.17 0.54 0.38 0.16
2006 1.08 1.26 -0.18 0.62 0.45 0.18
2007 1.31 1.48 -0.17 0.69 0.45 0.24
2008 1.32 1.59 -0.27 0.64 0.34 0.30
2009 1.34 1.53 -0.18 0.67 0.42 0.25
2010 1.45 1.62 -0.17 0.68 0.44 0.24
2011 1.43 1.72 -0.29 0.63 0.43 0.20
2012 1.39 1.67 -0.28 0.61 0.41 0.20
2013 1.44 1.76 -0.32 0.62 0.43 0.19
2014 1.42 1.82 -0.40 0.61 0.46 0.15
2015 1.29 1.70 -0.41 0.55 0.40 0.15
2016 1.29 1.72 -0.44 0.58 0.41 0.17
2017 1.43 1.82 -0.40 0.59 0.42 0.17

Table 3: The portfolio data in the U.S. and China, 1987-2017. Note: GA and GL denote
gross assets and liabilities respectively. Data sources include Lane and Milesi-Ferretti’s
(2007) EWN database and IMF’s BOP/IIPS 2019. All measures are in percentage points.

Home country Foreign country
Gross holding of local asset α = −0.850 α∗ = −0.650
- Self-hedging −1.866 −1.866
- Hedging non-financial income 1.200 1.200
- Hedging net external income −0.110 0.091
- Demographic adjustment term −0.073 −0.073

Table 4: The extended model: Portfolio holdings and their composition
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China seem to qualitatively corroborate this pattern, i.e. the capital stock to GDP ratio

is, on average, higher in the U.S. than in China (Table 5). However, the difference is much

larger than 2
(
1− δ̄

)
times of the observed NFAs. We consider this to be caused by the

absence of any trade costs or/and account of imperfect financial integration in the model.

As a result, when contrasting the model with data, if we use δs to target differing asset

supplies in the data, global imbalances will tend to be over-explained; if, instead, the size

of NFAs were to be targeted, the country difference in asset supplies and therefore that

of portfolio diversification will tend to be under-explained. We will use a wedge analysis

in this case, as explained below.

To calibrate the model, we set n = 0.01 and µ = 0.91 (Heathcote and Perri, 2013).

Acknowledging the first issue in the above, we make sure that the model matches the

U.S. and China’s country average counterparts. Specifically, we calibrate β, δ and δ∗

to target the two countries’average interest rate (2.66%), NFA/GDP ratio (20%) and

Capital/GDP ratio (3.74) as in the data (the top panel of Table 5). For later use, we

divide the whole period into two equal sub-periods: 1999−2008 and 2009−2017 and also

use the same strategy to calibrate the model to the two sub-periods’data respectively.

Table 4 decomposes the resulting α = −0.85 by Eq.(14). The self-hedging equals

−1.866. Thanks to the redistributive shocks, cov (∆ylt, r̂xt) is negative. The hedging of

non-financial income therefore accounts for a long position of the local asset, i.e. 1.200.

This keeps most of the local asset within borders by offsetting the effect of the negative

self-hedging, in the absence of country asymmetries, to the same degree. A symmetric

asset home bias would emerge as emphasised by the existing symmetric portfolio models.

The demographic adjustment term is given by −0.073 in the two countries.

Our point is that, the differing δs open non-zero net external positions and hence

again create the needs to hedge against the associated risks. As in the baseline model,

the hedging has an opposite sign in the two countries. Should the country concerned be a

creditor country, the hedging would be positive and reinforce the effect of the hedging of

non-financial income in leading to a more home-biased portfolio. Otherwise, the hedging

would be negative and reinforce the effect of the basic self-hedging in leading to a “more

diversified”portfolio. Compared to a symmetric model, this implies that the preferences

for the local asset in the two countries are bent to different degrees and the asset home

bias exhibits a heterogeneity that corroborates the data (Coeurdacier and Rey, 2013).
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Locally-held
r GA/GDP GL/GDP NFA/GDP Capital/GDP domestic

DATA asset share
The whole period: 99-17
U.S. 2.98 1.11 1.36 -0.25 4.20 0.68
China 2.33 0.55 0.39 0.16 3.29 0.88
Average 2.66 0.83 0.88 0.20* 3.74 0.77
Sub-period 1: 99-08
U.S. 4.04 0.86 1.05 -0.18 3.76 0.72
China 2.18 0.49 0.37 0.12 2.97 0.88
Average 3.11 0.68 0.71 0.15 3.37 0.79
Sub-period 2: 09-17
U.S. 1.80 1.39 1.71 -0.32 4.68 0.64
China 2.51 0.62 0.42 0.19 3.65 0.88
Average 2.16 1.00 1.06 0.26 4.16 0.74
Between 2 sub-periods
U.S. -2.23 0.52 0.66 -0.14 0.92 -0.08
China 0.33 0.13 0.06 0.07 0.67 0.00
Average -0.95 0.32 0.36 0.10 0.80 -0.05

MODEL
The whole period: 99-17
Home 2.66 0.65 0.85 -0.20 3.93 0.78
Foreign 2.66 0.85 0.65 0.20 3.56 0.82
Average 2.66 0.75 0.75 0.20 3.75 0.80
Sub-period 1: 99-08
Home 3.11 0.52 0.67 -0.15 3.51 0.81
Foreign 3.11 0.67 0.52 0.15 3.24 0.84
Average 3.11 0.60 0.60 0.15 3.38 0.82
Sub-period 2: 09-17
Home 2.15 0.86 1.12 -0.26 4.39 0.74
Foreign 2.15 1.12 0.86 0.26 3.92 0.78
Average 2.15 0.99 0.99 0.26 4.16 0.76
Between 2 sub-periods
Home -0.96 0.34 0.45 -0.11 0.88 -0.06
Foreign -0.96 0.45 0.34 0.11 0.68 -0.06
Average -0.96 0.40 0.40 0.11 0.78 -0.06

Table 5: The portfolio data vs extended model. Note: Except for Capital/GDP, all
measures are in percentage points. * Because NFAs have opposite signs across the two
countries, the average of their absolute values is reported.

Data Model: 09-17
Wedge 99-08 09-17 (i) (ii) (iii)

Home 1.4558 0.72 0.64 0.70 0.70 0.63
Foreign 0.7659 0.88 0.88 0.88 0.88 0.83

Table 6: The data vs model predictions: portfolio bias between periods.
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Table 5 compares the implied portfolios to the data. In the last column of the table,

we also report the locally-held domestic asset share as a measure of the lack of portfolio

diversification (or portfolio bias) in the two countries (French and Poterba, 1991, Cooper

and Kaplanis, 1994, Tesar and Werner, 1995, etc.) In general, the model accounts fairly

well for the observed data, including the unbalanced NFAs across countries, the lack of

portfolio diversification in both countries, and China’s portfolio being more biased toward

its home asset than that of the U.S.. The remaining mismatch between the model and the

data can mostly be attributed to the two factors that we discussed before. In particular,

in the model, the two countries have the same NFA size, so the NFA in the home

(foreign) country is smaller (larger) than that in the U.S. (China); both countries are

equally financially integrated, the financial integration index being both 1.5 as compared

to 2.47 (U.S.) and 0.94 (China) in the data, which tends to overstate (understate) the

portfolio bias in the more (less) financially integrated country, i.e. U.S. (China); because

the model targets the average NFAs, this, as expected, implies a smaller difference in

δs and therefore that in capital stocks. This also tends to yield a relatively smaller gap

between the two countries’portfolio bias as compared to the data.

As such, we follow the literature in using a portfolio wedge to represent the factors

that are important for the determination of portfolio choices while unidentified in the

model when matching the data (e.g. Gourinchas and Jeanne, 2013, Steinberg, 2018, etc.)

In particular, we use the following strategy to understand how the change in the global-

imbalances-relevant country asymmetry helps explain the changes in countries’net and

gross portfolios: First, we calibrate the model to the data of the 1st sub-period. In the

process, we use country-specific portfolio wedges to ensure that the portfolio bias in each

country matches that of the data. Second, keeping these portfolio wedges fixed, we re-

calibrate the model to the data of the 2nd sub-period, compute the portfolios and their

bias, and compare the data with model predictions. Depending on the parameters that

are allowed to adjust when re-calibrating the model, we distinguish the following three

cases: In case (i), only δ∗ is allowed to fall to match the rising NFAs. To interpret this,

the diverging global imbalances are only driven by the financial underdevelopment of the

emerging/developing country, a hypothesis of global saving glut. Given that it is still an

open question whether the NFAs’diverging trend is due to the global saving glut or a

(U.S.) domestic investment drought (a decline in 1− δ here) (Kehoe et al. 2018), in case
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(ii), we allow both δ and δ∗ to adjust. Lastly, in case (iii), we follow the literature in

interpreting both the expanding NFAs and the declining r as the integral facets of the

global imbalances (Bernanke, 2005, Gourinchas and Rey, 2013, etc.). To do so, we allow

both β and δs to adjust when matching the data of the 2nd sub-period.

Table 6 reports the results of this exercise and the associated portfolio wedges. In

both periods, the portfolios in China exhibit a higher degree of home bias than those in

the U.S.. The bias degree declines over time in the U.S. while this trend is not obvious

in China. The model seems to capture much of these patterns, in all three cases that are

mentioned above. In particular, as expected, the model predicts that the degree of home

bias falls at a relatively faster rate in the home advanced country than in the foreign

emerging/developing country (Coeurdacier and Rey, 2013).

Additional remarks The model predictions and the data are broadly consistent. Through

these experiments, we emphasise that, even with a simple structure, the model produces

international portfolios of an empirically relevant magnitude for the countries with large

unbalanced NFA positions. The presence of the new hedging of NFA returns is key.

While we only consider the extension to non-diversifiable incomes, we can easily enrich

this framework with other features such as alternative country asymmetry, production,

heterogeneous goods, bond assets, etc., in order to bring the predicted portfolios closer to

the data. In any event, we expect the hedging of NFA returns to remain. The reason, as

explained, is related to the unbalanced NFAs’impact on relative national consumptions.

In general, global imbalances open a gap between the GNP and GDP of the country.

This exposes households to a new source of income risks to be hedged by holding portfo-

lios. As a complementary force to the other hedging of GDP components in shaping α,

this hedging of NFA returns will not disappear as long as the NFAs are unbalanced.

Amore sophisticated model may involve the variable dynamics that differ from (or/and

are even opposite to) those in our baseline model. This may not necessarily change

the hedging property of the assets and the property of portfolio components. As an

example, Coeurdacier et al. (2010), Heathcote and Perri (2013), etc., consider the portfolio

choices in a (symmetric) model with production, capital accumulation, goods home bias

and exchange rate adjustment à la Backus et al., (1994) (BKK henceforth). In such a

framework, the investment will be so elastic that after a rise in domestic TFP , it reduces
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(instead of raises) the local asset’s dividends as well as the relative return r̂xt. So when

labour income is high (in response to a positive domestic TFP shock), the domestic

asset pays out less. The hedging of labour is positive. By including the redistributive

shocks, the above extended model is isomorphic to the BKK model in the sense that

the r̂xt’s dynamics resemble that of the BKK model, e.g. Heathcote and Perri (2013).

The implications on portfolio choices are therefore analogous. In particular, extending

the baseline model to a BKK environment will not alter the α [2]’s sign. The reason for

this is simple. In the baseline model, because both asset returns are more (positively)

responsive to the domestic shocks, cov (r̂2t, r̂xt) and cov (r̂1t, r̂
∗
xt) are negative. The sign

of α [2] = −w cov(r̂2t, r̂xt)
var(r̂xt)

(α∗ [2] = −w∗ cov(r̂1t, r̂∗xt)
var(r̂∗xt)

) is determined by that of the country’s

NFA, which is negative (positive). In the extended model or/and the BKK model, both

asset returns are more (positively) responsive to the overseas shocks, i.e. r̂xt (r̂∗xt) declines

while r̂2t (r̂1t) rises in response to the home (foreign) income windfalls. This also implies

negative cov (r̂2t, r̂xt) and cov (r̂1t, r̂
∗
xt). So, as previously, the sign of α [2] relies on that

of NFAs and is opposite across countries.

Appendix H extends our model by including an additional international bond (Coeur-

dacier et al., 2010, Devereux et al., 2014, Coeurdacier and Gourinchas, 2016). It follows

that, as long as global imbalances are present, the hedging ofNFA returns will also remain

(except that the hedging is conditional as in the symmetric set-ups such as Coeurdacier

and Gourinchas, 2016).

Although our paper takes the country asymmetry as static so that the steady-state

NFA positions are stationary, there is no reason for this to be true in reality, particularly

in the light of the continuing deterioration of the U.S. net debtor position (Table 3).

There is little sign of the global imbalances being overturned in the short term. In fact,

some data projections point to exactly the opposite (IMF, 2017). In the case of even more

deepening global imbalances, the current model predicts a growing role of the motive to

hedge against NFA returns in shaping the international portfolios and financial markets

in the time to come.
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6 Conclusion

Accelerating financial globalization is inextricably intertwined with diverging NFA global

imbalances, which requires a joint analysis. We studied their relationship by examining

the interaction between the two most important optimizing tools in a global economy:

current account smoothing of consumption over time and country portfolios across states.

The hedging of net portfolio returns is highlighted as the key link through which per-

sistent unbalanced NFA positions affect gross portfolio choices. Different from the other

hedging terms of country portfolios that are found to be symmetric in the existing litera-

ture, the hedging of net portfolio returns is asymmetric. Its sign depends on the country’s

status in international payments, negative in the debt country while positive in the credit

country, which explains why gross portfolio positions differ along the financial integration

in these countries. Moreover, the new hedging complements the other hedging in shaping

the international portfolio diversification, in particular as a potential explanation for the

observed heterogeneity in the portfolio bias across countries. The model captures both

the trade effect and the valuation effects that complete the country’s external adjustment.

With the development of financial globalization, the cross-border wealth transfer in the

form of portfolio valuation effects may become more and more frequent and important,

asking for a further exploration of its impacts including the welfare implications for various

countries within a model of both net and gross country portfolios.

The model is fully optimizing and micro-founded. As a bridge between the literature

on global imbalances and that on portfolio choices, it allows for meaningful extensions

along these two dimensions. For the former, a different story of global imbalances than

those adopted here can be explored. The hedging of net portfolio returns, however, is

expected to persist. For the latter, as mentioned, future work may involve the incorpora-

tion of additional hedging motives, hedging tools, and realistic frictions into the analysis.

While the paper focuses on the steady-state portfolios, the investigation of the portfolio

dynamics, i.e. capital flows, within the asymmetric framework can follow. It would also

be very interesting to extend the model to study the related open economy policy issues

under global imbalances.
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