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Abstract

During the financial crisis that first hit the U.S. economy and soon became a world crisis,
investors reduced their holdings of foreign equities, and, at the same time, they increased
their holdings of short-term government bonds. The paper analyzes, within the context of
a DSGE model, the hedging properties of foreign bond and foreign equity holdings during
a crisis, when the degree of uncertainty is high. I show that uncertainty generates portfolio
dynamics and that they differ depending on the source of uncertainty. Investors increase
their holdings of foreign government bonds and, at the same time, reduce their holdings of
foreign corporate equities, when uncertainty originates from aggregate demand. When instead
uncertainty originates from aggregate supply, it is optimal for investors to reduce their holdings
of foreign bonds and increase their holdings of foreign equity. These findings are supported by
the recently developed theories that consider the collapse of aggregate demand the main cause
of the “Great Slump” that started in 2007.
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1 Introduction

The financial crisis that started in the U.S. in August 2007 and soon spread to the rest of the
world has been extensively analyzed. This crisis did not display particularly novel features and
in fact economists have pointed out many analogies between the current crisis and the previous
ones. Reinhart and Rogoff (2008a, 2008b) empirically document the similarities in the behavior
of several variables during past financial crises, including this last one. Eichengreen (2008) also
emphasizes how the U.S. crisis, similarly to the 1997-98 Asian crises, has been characterized by lack
of transparency, lax bank regulation, and connected lending that allowed some large institutions to
enjoy privileged access to borrowed funds.

Nevertheless, the most important difference between this crisis and all the previous ones is that
it had the largest economy in the world at its epicenter. The U.S. financial crisis soon became a
world crisis and the panic spread across economies. As a result, in this occasion, capital did not
massively flow out of the crisis country generating the “sudden stops” and “capital reversals” that
have instead characterized previous episodes of turmoil. Foreign investors reduced their holdings of
U.S. equities indeed, but, at the same time, they increased their holdings of U.S. Treasuries, to such
an extent that the U.S. dollar started appreciating, and the yields on U.S. Treasury bills reached
historical lows. The sudden change in the holdings of the different types of assets, including U.S.
Treasuries, U.S. equity, and foreign corporate stocks and bonds, has been followed by a stabilization
and a return to previous trends in 2009.

The decision of private markets to invest so heavily in the country from which the crisis originated

has been explained ! as a flight to safety. The behavior of investors has been described as the result

!Caballero (2009), DeLong (2010) and Cochrane (2010), among many others.



"2 As international investors realized

of “the insatiable need to accumulate safe debt instruments
that U.S. corporate assets could not satisfy their demand, they decided to run to U.S. Treasuries.
The reallocation of funds took place across asset classes, rather than across countries. But, what
did U.S. investors do during the crisis? They adopted a similar strategy: They dramatically reduced
their holdings of foreign equity and, in some countries, they increased their holdings of short-term
bonds. So, the question is: Under which conditions are foreign bonds a better hedging instrument
than foreign equity? The goal of this paper is to identify the factors that can rationally justify the
choice of agents to increase their holdings in foreign bonds and run away from foreign equity, when
there is an increase in world uncertainty.

In order to do so I use a DSGE model with uncertainty. Earlier DSGE literature often abstracts
from endogenous portfolio choices because of technical difficulties. The standard approach to solve
DSGE models in fact relies on first-order approximations around the steady state that prove in-
adequate to capture the second moments that determine portfolio choices. In a stochastic world,
financial assets are differentiated by their degree of risk, and optimal portfolio choices are deter-
mined by correlations and variances of stochastic variables.

This paper makes use of the solution method recently developed by Devereux and Sutherland
(2006). Their novel procedure consists in the combination of second-order approximations of the
portfolio equations of the model with first-order approximations of non-portfolio equations. This
allows to determine how the stochastic structure of the model affects the portfolio allocation and it

becomes possible to characterize economy’s first-order response to stochastic shocks under the opti-

mal portfolio. They also show that first-order dynamics of steady-state portfolio can be obtained by

ZCaballero (2009).



combining a third-order approximation of the portfolio equation and a second-order approximation
of the rest of the model. Time variations in portfolios become relevant for macroeconomic dynamics
at the second level of approximation.

I introduce uncertainty in this portfolio problem assuming that the exogenous state variables fol-
low conditionally-linear stochastic processes where variances are modeled through stochastic linear
processes. As shown in Benigno et al. (2011), the use of a conditionally-linear approximation, as
opposed to the fully-linear approximation used by Fernandez-Villaverde et al. (2009), implies that
the process for the exogenous state variables is not approximated and still displays time-varying
volatility. Because of this, a second-order approximation of the policy rules is sufficient to identify
a “distinct and direct” role for time-varying volatility in affecting the endogenous variables. The
same principle applies to the portfolio problem that I study and therefore with the conditionally-
linear model I am able to observe the effect of time-varying risk on portfolio dynamics simply
using a combination of the third-order approximation of portfolio equations and the second-order
approximation of the rest of the model. The use of a fully-linear approximation, like in Fernandez-
Villaverde et al. (2009), would instead require a combination of the fourth-order approximation of
the portfolio equations of the model and a third-order approximation of all the other equations.
The choice of an optimal portfolio of assets in a multi-period setting with time varying volatility of
returns has been studied in the finance literature®. However, the macroeconomic setting used here
gives the possibility to better understand the relationship between portfolio behavior and macroe-
conomic variables. Differently from what happens in finance models, the behavior of returns is not

exogenously given. Within the context of a full blown general equilibrium model it is in fact possible

3Campbell and Viceira (1999), Chacko and Viceira, (2005).



to precisely identify the way in which returns are affected by the fundamentals of the economy and
the way in which these returns co-move with consumption. The model shows how time-varying risk
is generated by uncertainty in the fundamentals and how volatile fundamentals in turn can affect
portfolio holdings. Thanks to these features the analysis of portfolio dynamics can give not only
positive, but also interesting normative insights.

The contribution of the paper is twofold: First, I show that uncertainty is a source of portfolio-
dynamics that can contribute to explain, together with the other sources already identified in the
literature, deviations of the portfolio from its steady-state. My findings suggest that the time-
varying volatility of the fundamentals affects portfolio dynamics through two different channels:
Time-varying volatility first affects the covariance between consumption and asset returns and, ad-
ditionally, it determines an interaction between the size of the shocks that hit the state variables
and the change in returns’ variances and covariances. Depending on the shock that we consider,
we can have that a time-varying variance pushes the portfolio exactly in the same direction of the
shock to the state variable, amplifying the final effect, or, alternatively, can offset the effect of the
shock and determine different adjustments of the portfolio.

Second, in the numerical solution of the model, I show under which conditions it is rational for
investors to increase their holdings of foreign government bonds and, at the same time, reduce their
holdings of foreign equity, in response to an increase in global uncertainty.

In the two country DSGE model that I use I assume that there is trade in both goods and financial
assets. Each country is endowed every period with one good, and trade is justified by the features of
final consumption that is a bundle of domestic and foreign goods. The international asset portfolio

includes two types of securities: stocks and bonds. Each country issues one government bond and



one equity, denominated in local goods. There are three sources of shocks: one preference shock
that is common to the two economies, two endowment shocks and two government spending shocks.
Furthermore I proxy the increase in uncertainty with the introduction of uncertainty shocks, i.e.
I allow the variances of the shocks to be time-varying. The number of shocks is larger than the
number of assets. International financial markets are incomplete.

Investors that have the availability of equities and bonds, choose their portfolio with two main goals
in mind: They want to smooth their consumption and, in order to do so, they want to have a well
diversified portfolio with assets that display a low degree of co-movement and low variance. When
uncertainty shocks hit, the way in which real variables covary with asset returns changes. As a
consequence, agents need to re-adjust their portfolios until when the shock has disappeared.

My main findings are that the response of the portfolio to an increase in uncertainty crucially de-
pends on the source of uncertainty itself. If uncertainty comes from aggregate demand, it is always
optimal for agents to increase their holdings of foreign bonds. They reduce their holdings of for-
eign equity if the increase in uncertainty comes from government spending, while they increase their
holdings of foreign equity if uncertainty comes from preferences. If instead the source of uncertainty
is aggregate supply, agents find it optimal to increase their holdings of foreign equity and reduce
their holdings of foreign bonds.

This finding suggests that the movements of capital that took place during the crisis are compat-
ible with an increase in uncertainty coming from aggregate demand. This result is supported by
those theories that identify the collapse in demand as the main cause of the slump experienced by

the U.S. and by many other economies during the crisis®. On the one hand, the explosion of the

4Hall, (2011).



housing bubble and the dramatic reduction in consumer spending in housing and durables can be
described as an increase in the volatility of consumers’ preferences. On the other hand, the inability
of governments to realize effective fiscal policies during the crisis can be considered a big source of
uncertainty that did not help the recovery and that might have affected investors’ portfolio choice.
The model is also able to give reason of other episodes of capital movements observed in the past: A
combination of aggregate demand and aggregate supply shocks is also able to replicate the massive
capital outflows that have been observed in the late 90’s.

The rest of the paper is structured as follows. Section 2 gives a more detailed description of capital
movements during the crisis. Section 3 presents the model set-up. In section 4 I briefly show the

solution method, in section 5 I calibrate the model and discuss the results. Section 6 concludes.

2 A Look at the Crisis

In this section I show some more details on the movement of capital that took place at the begin-
ning of the crisis. After 2007 foreign holdings of U.S. equities registered a dramatic reduction, while
foreign holdings of U.S. Treasury bonds increased.

It is well known that a large component of foreign holdings of U.S. Treasury bonds is represented by
official holdings. Furthermore, it has been documented (Warnock, 2010) that private agents mainly
hold short-term U.S.Treasuries, while governments mainly invest in long-term U.S. Treasuries. Fig-
ure 1 shows that private and official investors’ holdings of Treasuries followed different paths after
the panic: Private investors increased their holdings of U.S. Treasuries after 2007, but after 2008
they started reducing them. Official investors, instead, went on investing in U.S. Treasury bonds.

Private holdings of short-term Treasuries could have been used as a hedge against the risk, until the



panic was over. After 2008 things went back to normality and investors gradually started increasing
their holdings of U.S. equity.

But what happened to U.S. holdings of foreign assets? As Figure 2 shows, there was a strong re-
duction in U.S. holdings of foreign equity and a milder reduction in U.S. holdings of foreign bonds,
while foreign direct investment kept increasing. But if we carefully look at U.S. holdings of foreign
bonds, we can observe a difference in the behavior of short and long-term bond holdings. Fig-
ure 3 shows a classification of the countries that experienced an increase in U.S. holdings of their
short-term debt, in millions of U.S. dollars. In some cases, U.S. investors reduced their holdings of
both long-term and short-term bonds, but, in some other cases, they only reduced their holdings
of long-term foreign bonds, while they increased their holdings of short-term foreign bonds. For
example, U.K., Ireland and Greece, registered a reduction in the U.S. holdings of their debt. How-
ever in the case of other countries, like Germany, Canada or Norway, there was a reduction in U.S.
holdings of long-term debt, but, at the same time, an increase in U.S. holdings of short-term debt.
The only exception is Switzerland that instead registered an increase in U.S. holdings of long-term
debt and a reduction in U.S. holdings of short-term debt. Also developing countries like Brazil
and Thailand registered an increase in U.S. holdings of their short-term debt. Some developing
countries had in fact been implementing rigorous fiscal and monetary policies in order to recover
from their own crises. When the crisis hit the U.S., they were therefore characterized by relatively
strong fundamentals that might have increased the attractiveness of their assets.

The choice of U.S. and foreign investors to increase their holdings of foreign short-term debt shows
a certain symmetry in the behavior of investors during the crisis: As uncertainty increased, both

U.S. and foreign investors used foreign short-term debt to protect themselves. This justifies my



choice to use a two-country symmetric model in the rest of the paper®.

In what follows I assume that one country is the U.S. and the other one is the rest of the world.

3 The Model

This is an infinite horizon, two-country open economy model. There are two ex-ante symmetric
countries, “Home” (H) and “Foreign” (F), each one populated by a representative household who
consumes and trades a portfolio of financial assets. Each country is endowed with one good and
issues stocks and government bonds, which are internationally traded. The international portfo-
lio therefore consists of four assets: two equities and two government bonds. I allow for three
types of shocks in each country: preference shocks, endowment shocks, and government spending
shocks. The number of shocks is larger than the number of assets available: Financial markets are

incomplete.

3.1 Preferences

The household in country i = H, F' chooses consumption C? to maximize the inter-temporal utility

function:

C'L 1-0o
max E; Z 05 G ™7 (1)

1—0

5In this version of the model I assume that the two countries have the same size. Size effects could be important
in quantitatively determining steady-state portfolios, but they should not affect the qualitative predictions of the
symmetric model, as shown in Ghironi et al. (2009).



where o > 0 is the coefficient of relative risk aversion and 6, is the endogenous discount factor. The

discount factor is defined as follows:

9t+s = etﬁ(CD? (2>

with §y = 1 and B(C?) = wC} ", where 0 < 5 < p and 0 < wC} " < 1. The endogenous discount
factor is used as a stationarity inducing device®.

The Home final consumption basket combines Home and Foreign goods:
OtH _ [K%/G(Cfm)(eq)/e +(1- Ht)l/e(CfH)(0—1)/0]0/(9—1) (3)

where ¢¥ is the amount of consumption good received by country i and consumed by country j. sy
is a time varying preference parameter defined as k; = kexp(v;), where v, is the preference shock
that follows an AR(1) process: vy = ¢'v;_1 + 7. The parameter x € (0, 1) measures the share of
local spending in consumption. If x > 0.5, the agent is said to have a “home bias” preference in
consumption.

Similarly, the consumption bundle for the Foreign country depends on Home and Foreign goods,

and the Foreign preference parameter is x; = kexp(—v;). The Foreign consumption basket is:

CtF — [(5:)1/9(6515’)(9—1)/9 + (1 _ H:)l/o(ch)(0—1)/9]9/(9—1)' (4)

6See Schmitt Grohe and Uribe, (2003).

"The introduction of preference shocks generates incomplete markets, since the number of assets is smaller then
the number of shocks. Furthermore the assumption of preference shocks during a crisis is not unrealistic: During a
crisis agents for example prefer to postpone purchases of some goods, like consumer durables, while there are some
other types of goods, like food, to which they cannot renounce.
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A positive preference shock at the same time increases the consumption of the Home good and
reduces the consumption of the Foreign good in both countries. The aggregate consumer price

index for Home, PF | is defined as:

P = (k)0 + (1 — ko) () 0) 77, (5)

where p and p!” are the prices of Home and Foreign goods. Similarly, Foreign price index is defined

as:

P = [k (pF)0 + (1 — &) (pi) ). (6)

In this economy the law of one price holds. If x > 0.5, Purchasing Power Parity (PPP) does not
hold, and the real exchange rate is defined as the ratio between the Foreign price index over the

pF

Home price index: Q; = F7.
t

3.2 Endowments

This is an endowment economy: In each period the two countries receive an endowment of two

different goods, Y# and Y. The stochastic endowment follows an AR(1) process:

Yti+1 = ¢YYtZ + 522:1- (7)

As in Coeurdacier and Gourinchas (2011), I assume that only a fraction 0 of the endowment can
be capitalized and distributed to stockholders as dividend, while the remaining fraction 1 — ¢ is

distributed to agents and can be interpreted as labor income.
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3.3 The Government

The public sector of country i issues at time ¢ government bonds B{_; denominated in the domestic
good. The real price of the bond at time ¢ is z! and its return is one unit of good i at time
t 4+ 1. The government collects lump sum taxes 7% in order to finance government spending that,

by assumption, entirely falls on country ¢ good. The budget constraint of the government is:

VA
2Bl = Zt

pii i
1= B+ G T ®

B! A
t + Ptz

where G* is government spending in country i. Government spending follows an AR(1) process:
i G i G
G =0 Gy+efy (9)

3.4 Financial Markets

Each country ¢ issues two types of assets: government bonds and stocks. There is a bond denomi-
nated in the Home good and one denominated in the Foreign good: Buying one unit of the Home
(Foreign) bond at time ¢ delivers one unit of Home (Foreign) good in the following period. Each
country also issues a stock that represents a claim to a share ¢ of country ¢ endowment. The supply
of each share is normalized to unity. Let Sfil denote the number of shares of stock 7 held by country

7 household at the end of period ¢, while Bzil represents holdings of bonds issued by country ¢ and
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held by country j. The budget constraint for the home economy at time ¢ is:

pf
nfafl, = (V" GH)JJH =+ nfa + (v — 1D ST
+(Rf =)z B — (R — ), B/, (10)

where nfa® are net foreign assets, and they are defined as:

H H pHF
nfat+1 = % Bt+1 +q St+1 St+1 % Bt+17 (11)

where 2 is the price of the bond issued by country 4, while ¢’ is the price of the equity issued by
country i. v and ¥ are the returns on stocks issued by Home and Foreign and defined in terms

of Home consumption:
u _ (Pl +plldl")

o , 12
‘ Pthg1 ( )

(Bl 4 pidy)
' Plqf 7

(13)

where di are dividends that are equal to 0Y7. RF and R} are the returns on Home and Foreign

bonds in terms of Home consumption, and they are defined as:

pt
RH = 14
t PHZt 17 ( )
and
F
Dy
RF = 15
t PHZtF ) ( )



Foreign agents solve a similar portfolio allocation problem and their budget constraint is:

a
p
nfay, =Y, - Gf)P—tF —Cf +fnfaf + (' = )al ST
t
+(R{" =Nz B — (R — )z B ", (16)

where Foreign net foreign assets n f aﬂl, are defined as:

F _ _HpHF H oHF F oFH F oFH
nf@t+1 =z B+ ¢ St+1 — 4 St+1 -z B (17)

3.5 Market Clearing Conditions

The resource constraints are

'+t Gl =Y (18)

and

CFF 4 P GF Y, (19)

If we define the value of Home equity held by the two countries in terms of Home consumption,

qHSHH HsHF HH

and ¢ , as al' and o' the market clearing condition for the asset issued by Home

economy is:

a + 0" =g/, (20)

since the total number of equities is normalized to unity, SZ# + SHE = 1. Similarly, by defining

holdings of Foreign equity in terms of Home consumption, the market clearing condition for Foreign
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equity is:

alt + ol =¢f. (21)
In the case of bonds, we have:

B = bl 22)

BE =7 407, @)

where B! is the total number of bonds issued by country i at time ¢, and b = BJz/_| is the value

of country ¢ bonds defined in terms of country ¢ consumption.

3.6 Uncertainty Shocks

Recently there has been an increasing interest in the analysis of the effects of uncertainty on macroe-
conomic variables®. Differently from the previous portfolio literature, I look at the effect of uncer-
tainty shocks on the steady-state portfolio and on its dynamics. I introduce uncertainty through
the assumption that the variances of the shocks that hit the economy are time-varying and can

deviate from their steady-state value according to the following stochastic processes®:

oy =p o + (1= p )oY + 0" uw, (24)
o7 = p90%% + (1 — p9)o7% + nugy, (25)

8For example see Benigno et al.(2011), Bloom (2009), Bloom, Floetotto and Jaimovich (2009), Fernandez-
Villaverde, Guerron-Quintana, Rubio-Ramirez and Uribe (2009).

9As in Benigno et al. (2011), I assume that the exogenous state variables follow conditionally-linear stochastic
processes, where the variances of the primitive shocks follow stochastic linear processes.
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orty = p'o® + (1= p*)o?’ + n'uf,y, (26)

where uf,, is an identically and independently distributed process with mean zero and unitary

variance. 02 are the steady state values of the variances, with i =Y, G, v.

3.7 Optimality Conditions

The first-order conditions for country ¢ with respect to equities and bonds are:

CZ"_U = WEt(Cit_fﬂfH)a (27)
CZU_U = WEt(Ci;:l’yii-l)v (28)
Ci"7 = wE(CT R, (29)
Ci"7 = wE(CT R, (30)

4 Model Solution

It is well known that in open economy macro literature, the optimal portfolio is indeterminate.
Standard approximation methods that use only first-order approximations imply that certainty
equivalence holds, and, as a result, all assets are perfect substitutes. In order to overcome this
indeterminacy problem, Devereux and Sutherland (2006, 2010a)'°, provide a solution method that
allows to determine steady-state portfolios. Their solution method is characterized by a two part

solution: a second-order approximation of portfolio equations, in combination with a first-order

10From now on DS.
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approximation of the rest of the model. In this way it is possible to determine how the stochastic
structure of the model affects the portfolio allocation, and it is possible to characterize the econ-
omy'’s first-order response to stochastic shocks under the optimal portfolio.

Equations (7), (9), (10)-(15), (24)-(26), (27)-(30), along with their foreign equivalent, may be solved
in order to determine the path of quantities {CH, CI' )}, prices {qf?, qF", 211, 2F', Tot;, Q;}, rates of re-
turn {7, vF, RE RF'}, and the vector of steady-state asset holdings {a'f of1T" of'F' of'H pHH pHE
bFF pFHY

In Appendix A I find the steady-state value of Foreign equity holdings and Foreign bond holdings.
Steady-state Foreign equity and Foreign bond holdings are a function of the parameters of the
model and of the steady-state variances of the shocks. Agents’ goal is to hold a portfolio able to
hedge themselves against consumption risk. The steady-state share of each asset depends on the
co-movement between consumption and the return of that asset, but also on the co-movement be-

tween consumption and the return of the other available asset, and on the variances and covariances

of both asset returns.

4.1 Portfolio Dynamics

DS (2010a) show that a combination of third-order approximations of the portfolio equations and
second-order approximations of the rest of the model delivers the path followed by the portfolio,
when the economy is hit by a shock to the state variables. They show that deviations of exogenous
state variables from their steady-state are a source of portfolio changes. Here I show that uncer-
tainty shocks can be an additional source of portfolio dynamics. Not only the shocks of the model,

but also their time-varying variances can contribute to explain deviations of the portfolio from its

17



steady-state.

Traditionally DSGE models rely on the assumption of homoscedastic shocks, but recently the atten-
tion has been focused on the effects of time-varying variances on the business cycle. As in Benigno et
al. (2011), I rely on the assumption that the exogenous state variables follow a conditionally-linear
stochastic process in which the variance of the primitive shocks is modeled through a stochastic
linear process. As shown in Benigno et al. (2011), the first-order approximation of the solution is
consistent with a conditionally-linear model, where the process for the exogenous state variables is
not approximated and therefore displays time-varying volatility. They show that under this assump-
tion the second-order approximation of the model is sufficient to capture the effects of uncertainty.
It follows that when this principle is applied to the portfolio problem, first-order portfolio dynamics
generated by time-varying volatility can be then observed through a combination of second and
third-order approximations of the model. The use of a conditionally-linear model greatly simplifies
the solution of the portfolio problem that would have otherwise required a combination of fourth
and third-order approximations of the model.

The third-order approximations of the portfolio equations, as obtained in DS (2010a), are:

0% . R o
El~oCRALL + S (CLYA0) — 5(CRAL N =0, (31)
and
o2
Ey[— oC +1Rt+1 + = 9 (Ct+1 Rt+1) (C +1Rt+1 )1 =0, (32)

where CP@ is the second-order approximation of the difference between Home and Foreign con-

sumption and 4”® and RP® are the second-order approximations of the difference in Home and

18



Foreign returns on equites and bonds. Plugging in the equilibrium conditions (31) and (32) the
expressions for the second-order approximations of cp ) 4P@) and RDP® you find the equations
that describe first-order dynamics of Home holdings of Foreign assets, a; and by.

Time-varying volatilities are, together with state variables, a source of portfolio dynamics. Differ-
ently from the benchmark two-asset case, where the shock and its variance play two distinct roles
in the determination of portfolio dynamics, in the four-asset case changes in the optimal portfolio
also depend on the interaction between the shock and its variance. The time-varying volatility of
the fundamentals affects portfolio dynamics through two different channels: Time-varying volatility
first affects the covariance between consumption and asset returns and, additionally, it determines
a change in the variances and covariances of asset returns that interacts with the size of the shock
that hits the state variables. As it will be shown in the next paragraph, depending on the shock
that we consider, we can have that a time-varying variance pushes the portfolio exactly in the same
direction of the shock, amplifying the final effect, or, alternatively, can offset the effect of the shock

and determine different adjustments of the portfolio.

5 Numerical Results

5.1 Calibration

The portfolio solution of the full model is a highly complicated expression that can only be described
numerically. The parameter values are presented in Table 1. The discount factor, 3 !, is set equal to

0.96, in order to have a steady state real interest rate of 4%. Agents in both countries maximize the

HThe steady-state discount factor 8 = wC ™"
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same utility function. The constant risk aversion parameter, o, is set to 4, since empirical evidence
suggests for this parameter a range between 3 and 5. In the choice of the persistence parameters
of the shocks I follow the estimations of Gali and Monacelli (2005) for the endowment shock and
Lubik and Schorfheide (2005) for the government spending shock. As in Devereux and Sutherland
(2010b), I assume that demand and endowment shocks have the same persistence. The standard
deviation of all the shocks is equal to 0.01%, and all the shocks are i.7.d.. The share of endowment
1 — 0 that is used as labor income is 0.7 as typically suggested by empirical evidence. I analyze
the special case in which the home bias parameter x equals 0.5. This choice simplifies the solution
of the model and the interpretation of the results. Under this assumption the PPP holds and we
do not observe changes in the real exchange rate. Bonds’ return differentials are proportional to
changes in the terms of trade. The total number of bonds is normalized to 60% GDP, and the

compatible ratio of taxes over GDP is 0.046.

5.2 Results
5.2.1 Steady-State Portfolio

In this economy there are four assets and five shocks. Markets are incomplete. As the number of
assets available in the economy increases, the steady-state portfolio becomes a highly complicated
expression that depends on the parameters of the model. When each country is allowed to issue
more than one asset, all the returns of the assets issued by the same country depend on the funda-
mentals of the country itself and therefore it becomes necessary to study how these fundamentals
affect the returns and how the returns co-move. Agents’ goal is to hold assets that allow them to

smooth consumption and, in order to do that, they want to hold assets with returns that do not
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positively co-move.

The returns offered by the stocks and the bonds issued by country ¢ depend on the fundamentals
of country 7. In expected terms all the assets should offer the same returns, but, ex-post, returns
can differ because of the unexpected shocks that hit the economies. Stock returns depend on the
value of endowments, i.e., on real endowments and on their prices. Bond returns, instead, depend
only on the price of the endowment. For reasonable parameter values, stock returns are positively
related to endowment shocks, government spending shocks and preference shocks. Bond returns,
instead, are negatively related to endowment shocks, but positively related to the other two shocks.
Intuitively, endowment shocks increase the amount of endowment available, but have a negative
effect on relative prices. This explains the divergence between the behavior of stock and bond
returns. When all the other shocks are involved, they act only on prices and because of that we
observe that returns move all in the same direction.

Steady-state Home holdings of Foreign assets depend on the co-movement between consumption
and the return of each asset, and on the co-movement between stock and bond returns 2.

In the case without demand shocks markets are complete and agents can build a portfolio that

3

is able to fully equalize Home and Foreign consumptions!®. My model assumes that government

12The co-movement between consumption and asset returns is defined as E (C”y) = NoyNYev 02 + NcaNYes O'g +
Nowyee02. It is the sum of three components: the product between consumption elasticity to endowment shocks
and return elasticity to endowments shocks, multiplied by the variance of endowments; the product between con-
sumption elasticity to government spending shocks and return elasticity to government spending shocks, multiplied
by the variance of government spending; the product between consumption elasticity to preference shocks and re-
turn elasticity to preference shocks, multiplied by the variance of preferences. In the determination of steady-state
portfolio shares the three components act individually. Therefore in the analysis of each volatility, when I mention
the covariance of consumption with asset returns, I refer each time to one component of this covariance, depending
on the variance that I am considering.

13As shown in Coerdacier and Gourinchas (2011), when the number of shocks equals the number of assets, rank
and spanning conditions are satisfied and it is possible to replicate the efficient risk-sharing allocation up to the first
order.
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spending entirely falls on Home goods and, even without assuming any home bias in consumption,
in the complete market case features complete home bias in equity and bond holdings, when the
elasticity of substitution between Home and Foreign goods, 6, is larger than one 4. In this case,
in fact, the elasticity of consumption to endowment is positive and the elasticity of consumption to
government spending is negative. Equity returns positively react to both endowment and govern-
ment spending shocks, while bond returns go down with endowment shocks and instead increase
with government spending. These elasticities therefore guarantee that a portfolio that is completely
biased towards holdings of Home assets is enough to smooth agents’ consumption. They can in fact
use Home bonds when the endowment shock hits and Home equity when the government shock
hits. When instead the parameter 6 is smaller than 1 things substantially change: Consumption
increases with government spending shocks and decreases with endowment shocks. Furthermore,
the returns of the two assets increase with government spending and decrease with endowment
shocks. Since agents want to smooth consumption and, at the same time, hold assets that do not
positively co-move, their only solution is to hold also Foreign stocks.

In the incomplete market case that includes also demand shocks, my numerical analysis shows that
the optimal portfolio for the Home country is such that Home stocks represent 60% of its total
stock holdings, while Foreign stocks represent the remaining 40% of its stock holdings. Home also
holds a short position in Foreign bonds equal to 3% of GDP, while its bond holdings are completely

5

biased towards Home bonds '°. The steady-state portfolio is a function of the parameters of the

model, including the variances of the shocks, the degree of risk aversion and the persistences of the

14 Also Berriel and Bhattarai (2012) find the same result.

15As documented by Lane and Shambaugh (2009) and by Coeurdacier and Gourinchas (2011), there is large
heterogeneity across countries in the currency denomination of their bond holdings. Anyhow, they find that advanced
countries mainly invest in their own currency debt.
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shocks.

The steady-state variances of the three shocks that hit each economy generate different hedging
motives that affect the steady-state portfolio in an important way.

The volatility of endowments has at the same time several effects: It decreases the covariance
between Home stocks and Home bonds, and also the covariance between Home consumption and
Home bond returns. It instead increases the covariance between Home consumption and Home
stock returns. The reduction in the covariance between Home asset returns could induce agents to
keep in their portfolio a larger amount of Home bonds and Home stocks, but, at the same time,
the increase in the covariance between Home consumption and Home stock returns could be an
incentive for agents to hold a larger share of Foreign stocks and a larger share of Home bonds.
The numerical solution shows that actually this last incentive prevails and the optimal portfolio is
shifted towards Foreign stock holdings and Home bond holdings when the volatility of endowments
is higher than the other volatilities.

Government spending volatility increases the covariance between Home bonds and Home stocks
but, at the same time, reduces the covariance between Home consumption and Home asset returns
(including both bonds and stocks). Overall, the numerical results suggest that agents use Home
stocks to smooth consumption and increase their holdings of Foreign bonds to diversify their portfo-
lio. A relatively high government spending volatility then has a tendency to reduce the steady-state
share of Foreign stocks and to increase the share of Foreign bond holdings.

Finally, preference shock volatility increases the covariance between Home stocks and Home bonds,
the variance of Home bond and Home stock returns, and it also increases the covariance between

Home consumption and Home asset returns. Since the volatility of preferences acts exactly in the
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same way on consumption and on asset returns and increases their covariance, the only feasible
strategy for Home agents is to increase their holdings of Foreign assets. The numerical results in
fact show that there is an increase in the steady-state share of Foreign equity and Foreign bonds
when the volatility of the preference shock is relatively high.

My findings suggest that the degree of risk aversion affects in a smooth way the steady-state port-
folio. As risk aversion increases, the steady-state portfolio is characterized by a larger proportion
of holdings of Foreign equity and a smaller fraction of holdings of Foreign bonds. The risk aver-
sion parameter mostly affects the way in which consumption reacts to shocks. When risk aversion
increases, the elasticities of consumption to endowment, government spending and demand shocks
change. There is in fact a slight reduction in the elasticities of consumption to endowment and
preference shocks, 7.y and 7,,, while there is a stronger increase in the elasticity of consumption to
government spending shocks, 7.5. Overall there is an increase in the response of consumption to
the three shocks. Since the returns of stocks and bonds do not depend on risk aversion, the change
in the reaction of consumption to shocks also determines an increase in the covariance between
consumption and assets’ returns. As a result, as risk aversion increases, Home stocks reduce their
ability to be a good hedging instrument for consumption risk and, as a consequence, the steady-state
portfolio is shifted towards Foreign equity. Since the covariance between asset returns is positive
and independent on risk aversion, the increase in the holdings of Foreign stocks is balanced by a
reduction in the holdings of Foreign bonds.

The degree of persistence of the shocks is another factor that affects the steady-state portfolio
composition. An increase in the persistence of the endowment shock increases the share of Home

holdings of Foreign equity, while it decreases the share of Home holdings of Foreign bonds. This
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happens because the elasticity of consumption to the endowment shock increases as well as the
elasticity of stock returns to endowment shocks. The larger covariance between consumption and
stock returns shifts the optimal portfolio towards Foreign stock holdings. Optimal Foreign bond
holdings go down even if the covariance between bond and stock returns is reduced.

An increase in the persistence of government spending shocks, instead, increases steady-state hold-
ings of Foreign bonds and reduces steady-state holdings of Foreign equity. This happens because
the elasticity of consumption to government spending shocks goes down, while the elasticity of
stock returns to the same shock goes up. The elasticity of bond returns is instead unchanged. This
implies that there is an increase in the covariance between Home stock and Home bond returns and
a reduction in the covariance between Home stock returns and Home consumption. Home stocks
become a better hedging instrument than Foreign stocks. The larger covariance between Home
asset returns determines a reduction in the share of Home bonds and an increase in the share of
Foreign bonds in the steady-state portfolio.

Finally, when the persistence of preference shocks is stronger, the steady-state portfolio increases its
bias toward the holdings of Foreign equity and follows an inverse U shape for the holdings of Foreign
bonds. A more persistent shock produces an increase in the reaction of consumption to preference
shocks and, at the same time, increases the elasticity of stock returns to preference shocks. Foreign
stock holdings increase, while Foreign bond holdings are reduced when ¢" is equal or larger than
0.6. This happens because when ¢? is larger than 0.6, Home stock returns start increasing in a much
stronger way and, with them, also the covariance between bond and stock returns. This justifies

the willingness of agents to hold a portfolio characterized by a larger share of Home bonds.
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5.2.2 Portfolio Dynamics

Portfolio dynamics are the main focus of this paper. Foreign holdings of U.S. assets changed a lot
during the crisis. International holdings of U.S. stocks in 2007 inverted the increasing trend that
they had been following, going from 20% of U.S. GDP in 2007 to 12% of U.S. GDP in 2008. In the
same year international holdings of U.S. Treasuries went from 4.5% of U.S. GDP to 6% of U.S. GDP.
The idea of the exercise is to understand the qualitative and quantitative effect that uncertainty
can have on portfolio dynamics. When you look at asset holding dynamics, it is worth noting that
there is a difference between the benchmark two-asset case and the more complicated four-asset
case. In the two-asset case, the shock to the state variables on the one hand, and its variance on
the other, play two clearly different roles in portfolio dynamics. Both the shock and the variance
generate portfolio dynamics, but they are independent from each other. In the two-asset case, the
steady-state portfolio is a weighted average of the product of consumption and return elasticities to
the shocks, where the weights are the variances of the shocks themselves. When there is an increase
in the variance of one of the shocks, let’s say shock ¢, the related hedging motive becomes more
important because the co-movement between consumption and the return generated by shock i gets
a bigger weight, and this determines portfolio changes. A time-varying variance changes over time
the weight given to these elasticities and, therefore, it requires an adjustment in the optimal portfo-
lio. This means that the time-varying risk biases the portfolio in a particular direction, until when
the shock vanishes and the variance goes back to its initial value. In the four-asset case, instead,
time-varying variances affect asset holdings in various ways. Besides generating the effects that we
also observe in the simpler two-asset case, changes in the variances of the shocks also interact with

the size of the shocks. The interaction term depends on the elasticity of consumption to the shock,
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on the covariance between bond and stock returns, and on the variance of these returns.

In what follows, I analyze the reaction of the steady-state portfolio when the economy experiences
increases in the degree of volatility. I use the time-varying volatilities of endowment, government
spending and preference shocks as a proxy of uncertainty.

When the uncertainty shock hits endowment volatility, on impact Home holdings of Foreign equity
increase by 1.5%. As time passes and the shock vanishes, they smoothly decrease until they go back
to their steady-state (Figure 4). Foreign bond holdings instead decrease after an increase in the
volatility of the endowment shock. When the shock hits, Home agents short-sell Foreign bonds and
their holdings of Foreign bonds are reduced by 0.15%. As variance goes back to its steady-state,
Foreign bond holdings go back to their initial value (Figure 6). The speed at which equity and bond
holdings go back to their steady-state depends on the value of the autocorrelation of the uncertainty
shock: More persistent uncertainty shocks slow down the convergence of the portfolio to its steady-
state (Figure 5, Figure 7). An increase in the risk associated to endowment shocks reduces the
covariance between bond and stock returns, increases the covariance between Home consumption
and Home stock returns and reduces the co-movement between Home consumption and Home bond
returns. Even if the co-movement between bonds and stocks is reduced, the consumption smooth-
ing motive prevails and we observe a contemporaneous increase in Home holdings of Foreign stocks
and a reduction in Home holdings of Foreign bonds. The increase in the value of the risk-aversion
coefficient o increases the size of portfolio deviations from its steady-state. When the coefficient
equals 10 agents increase their holdings of Foreign stocks by 4% and reduce those of Foreign bonds
by 0.4%. In order to understand the contribution of uncertainty shocks to portfolio dynamics, I

calculated the deviation of asset holdings from their steady-state when the economy is only hit by
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an endowment shock and the volatility is not time-varying. The impact of an endowment shock
on portfolio dynamics is much smaller than before: Home holdings of Foreign stocks increase by
0.01%, while the reduction in Home holdings of Foreign bonds is 0.002%. When the economy is
hit by an endowment shock the direction taken by the portfolio is similar to the one observed with
uncertainty shocks, but endowment uncertainty amplifies portfolio dynamics.

An increase in the volatility of government spending shocks induces agents to increase Home equity
holdings. Foreign equity is in fact reduced by 4% and Foreign bond holdings are increased by 0.15%,
as shown in figure 8, figure 9. A government spending shock increases relative Home prices, and
therefore Home bond returns and Home stock returns also increase. Since government spending
has a negative effect on consumption, an increase in the volatility of government spending shocks
reduces the covariance between consumption and both asset returns. The variance of both asset
returns goes up, but bond returns become more volatile than stock returns. Therefore agents use
Home equity as a hedging instrument to smooth consumption and increase their holdings of Foreign
bonds, in order to have assets that do not co-move. When the risk aversion parameter is set to
10, there is a reduction in holdings of Foreign stocks equal to 9% and an increase in the holdings
of Foreign bonds equal to 0.3%. Also in this case, uncertainty works as an amplifier in portfolio
dynamics. In the absence of time-varying volatility, Foreign equity holdings would decrease only by
0.03%, while holdings of Foreign bonds would go up by 0.005%.

Finally an increase in the volatility of preference shocks results in an increase of both Foreign equity
holdings and Foreign bond holdings: Foreign equity holdings increase by 0.8% and Foreign bond
holdings go up by 0.08% (figure 10, figure 11). Preference shocks have a positive effect on consump-

tion and on the terms of trade. The increase in the covariance between returns and consumption
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justifies the increase in Foreign bond and Foreign stock holdings. When o is 10, Foreign stock hold-
ings and Foreign bond holdings respectively increase by 2% and 0.2%. It is interesting to observe
that in the absence of uncertainty shocks, a shock to preferences would still increase Home holdings
of Foreign stocks by 0.01%, but it would actually reduce Foreign bond holdings by 0.002%. The
absence of shocks to the volatility of preferences would keep the variance of bond returns constant,
(instead of increasing it) and therefore agents would prefer to enjoy the increase in the terms of
trade, by simply holding a larger amount of Home bonds.

The second order approximation of the model shows that an increase in the variances of the shocks
increases the volatility of asset returns and, through them, the volatility of net foreign assets and
consumption differentials. Intuitively, compatibly with the considerations done, agents change their
portfolio holdings in order to counteract as much as possible the negative effects of higher volatilities
on these macroeconomic variables.

An increase in the volatility of endowments increases the variance of Home stock returns and,
through this channel, has a negative impact on consumption differentials. The second order ap-
proximation of consumption differentials shows that a higher volatility of asset returns reduces
consumption differentials because agents prefer to save more and protect themselves from high ex-
pected future risk. Agents therefore reduce their exposure to the volatility of Home stock returns
shifting their portfolio away from Home stocks and increasing their holdings of Foreign stocks. In
other words, in this particular case, agents increase their foreign asset position in order to reduce
their exposure to Home volatility. On the other hand, Home bond returns also experience an in-
crease in their volatility. The choice of increasing their portfolio share is determined by the negative

covariance of Home bond returns with consumption, but has the drawback of positively affecting
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the variance of Home consumption.

As already mentioned, government spending volatility increases the volatility of both stock and
bond returns. However, since government spending shocks have a negative effect of consumption,
agents reduce their holdings of only one of the two assets issued by Home. The numerical anal-
ysis shows that actually Home bond returns are more volatile than Home stock returns after an
increase in government spending volatility. Consistently with this, we observe that agents reduce
their exposure to government spending volatility through a reduction in Home bond holdings and
a contemporaneous increase in Foreign bond holdings.

Finally, the negative effect of preference volatility on consumption differential cannot be reduced
because Foreign asset returns suffer exactly the same degree of volatility, since the preference shock
is common to the two countries. Agents’ portfolio choice is only determined by the positive covari-
ance between Home consumption and Home asset returns.

The final effect on net foreign assets will depend on the joint change in stock and bond holdings.
In order to measure this change we would need at least a third order approximation of the whole
model, but intuitively it seems reasonable to think that also in this case the source of uncertainty
will matter a lot in the change of net foreign assets. We have observed, in fact, that changes in
stock holdings are much stronger than changes in bond holdings. Presumably endowment volatility
shocks and preference shocks determine increases in the net foreign asset position of a country,
while shocks to government spending volatility should produce changes in net foreign assets with

the opposite sign. 6

6Fogli and Perri (2010) find a positive relation between external imbalances and macroeconomic volatility. In
their paper, what they call macroeconomic volatility is equivalent to what I call endowment volatility. Their finding
therefore seems in line with the results of my model.
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6 Conclusion

During the financial crisis that first hit the U.S. economy and soon became a world crisis, investors
reduced their holdings of foreign equities, and, at the same time, they increased their holdings of
short-term U.S. government bonds. The paper analyzes, within the context of a DSGE model, the
hedging properties of foreign bond and foreign equity holdings during a crisis, when the degree of
uncertainty is high. Uncertainty is here described as a shock that makes the variances of the model
time-varying. Uncertainty shocks are a source of portfolio dynamics, together with deviations of
the state variables from their steady-state.

The model is able to qualitatively replicate the change in portfolios observed during the crisis only
if uncertainty comes from aggregate demand. As world government spending volatility increases,
it is optimal to increase the share of foreign bond holdings and reduce the share of foreign equity
holdings. An increase in the variance of the government spending shock increases the volatility
of bond returns and the covariance of bond and stock returns, while it reduces the covariance
between home consumption and home asset returns. Because of this agents increase their holdings
of foreign bonds and, at the same time, increase their holdings of domestic equity. An increase in the
volatility of endowments, instead, reduces the covariance between consumption and bond returns
and it increases the one between consumption and stock returns. Agents, in response, increase their
holdings of domestic bonds and those of foreign equity.

The model suggests that the movement of capital observed during the crisis is compatible with
uncertainty shocks coming from the demand side of the market. These results find an important
support in the theories that have been recently developed and that identify the collapse in demand

as the main cause of the slump experienced by the U.S. and by many other economies during the
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crisis.
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A Appendix A

A.1 Steady-State Portfolio

As shown by Devereux and Sutherland (2006), a second-order approximation of the portfolio prob-
lem is sufficient to capture the different features of assets and tie down a solution for steady-state
holdings of foreign assets. The symmetric non stochastic steady state of the model is used as the
approximation point for non-portfolio variables. In steady state, nfafl = nfaf = 0, v# = ~F,
Y =G+C and 3 = %y From the second-order approximation of the home country portfolio first

order conditions, we get:

1

EAS, + 5(7?{,7:“ —Ate1) — PCH41TH4) =0 (A1)

with AP =~ — AF.

Similarly, for the foreign country:

. 1. . A . A
B35, + 5(7]2'{,75—&-1 — A1) — PCri1 Y1 — Qer1dia) =0 (A.2)

Subtracting (A.2) from (A.1) , we find one of the two equations that have to hold in equilibrium:

EtWBA(C'H,tH — éF,t—H _ G )] =0. (A.3)
. 1. . 1 R R .
E(A5,) = —§Et(%gf,t+1 — Api1) + P§Et[(CH,t+1 + Cras1 + Q1)) (A.4)
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where () that equals PF — PH ig the real exchange rate. We can follow the same procedure for

bonds too:
E(RE(Crtrir — Crenn — 220 =0, (A5)
1
Ey (Rt+1) E (R Ras| RFt—H) + PQEt[(CH t+1 T+ CFt+1+Qt+1)Rt+1] (A.6)

The optimal value of portfolio holdings can be found by solving the first order accurate behavior of
(CA'HytH — CA’F¢+1), 'Aygrl, and Rﬁrl . This requires a first-order accurate solution of the non-portfolio
equations of the model, as shown by Devereux and Sutherland (2006). The non-portfolio parts
of the model are represented by the law of motion for net foreign assets and by the first order
conditions with respect to equities and labor supply. The first-order approximation of the home

budget constraint, around a symmetric steady state with zero net foreign assets, is:

HF pHF .
+—(RF — Ry (A)

~ H N N A . A 1 ~ H
nfat+1+0f:y¥;H—gGH—|—pr PtH‘i‘anat 50( _'Vt) 3C

b represent the steady-state values of foreign holdings

where g = £ and similarly y = L. a"" and
of home shares and bonds. Taking differences between the domestic and foreign budget constraint

~ H ~ F ~
and using the condition nfa, +nfa, — Q= 0, we get:

L H P T o A
nfa,, = thD + Enfat — §CtD - thD +ayP + Tot, + QP + bRP (A.8)
where @ = —% = BC " and XP = XH — XF . Terms of trade, Tot are defined as p¥ — p¥. The

first-order approximations of the first order conditions in differential terms are:

38



é7tD = Et(ég—l)> (AQ)
E(3,) =0, (A.10)
E(R7,) =0, (A.11)

The state-space solution is characterized as follows:

~ H ~ H ~ N ~ ~ .
nfagy = Neanfa, +0aoY” + 10uer G + Naeki + Nas¥i + Nav?y (A.12)
cP = Fal Vi GP 3 J ) A
v = nNcpanfa, +neoypY,” + nepap Gy + nepels + NovVi + Nepy Uy (A.13)

where g} = a4l and U, = bRP.

. D D v
%&D = 777DaY€tY + %DaGﬁf + Nypev€y (A.14)
RP = npoag)” +npooel’” + npoacy (A.15)

Substituting (A.12), (A.13), (A.14) and (A.15) into (A.3) and (A.5), we find the system of two

equations that have to be solved in order to find the optimal portfolio (af, b7)

~ H N A . A )
E[(nepanfa,,, +neoyo AL + nepap Gl + Nepeirt + NopgVist + Mooy

D D v
(nvDayez;l + %Der‘?gl + nwDevgt-&-l)] =0 (A.16)
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~ H ~ R A ~ )
Ei(neoanfa,,, +neoynY Ry + neoap Gy + nevebist + NopyVUiit + NopyBiir)

D D v
(URDEA€ﬁ1 + TZRDEGQGH + URDev5t+1)] =0 (A-17)

The two following equations that will determine the steady state value of bond and equity holdings:

2 2 2 ~ 7 2 2 2 2 2 2
NPy D1yeY Oy + NepgP Ny eGOg + NeDyNyDev Oy + nCD£O‘(n'ygAO-A + nng‘O-G + 7]75’”0-1))

+7]C19E(UVEA7]R€AO-12/ + n'yscnRsGUé + 7]76”77}25”0-12;) =0 <A18>

NcDy DI ReA 0}2/ + NepGpNReG Ué + nCDSd(n'ernRaY 0124 + nWEGnREGO—é’ + Nyev T Rev 03)

Fneob(My 0% + a0 + h0o?) = 0 (A.19)

The two equations (A.18) and (A.19) are functions of the parameters of the model and of the

variances of the shocks.
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B Appendix B

In what follows I show the analytical solution for the optimal portfolio and its dynamics, when there
are uncertainty shocks in the simpler two-asset case. This is an infinite horizon, two-country open
economy model. There are two ex-ante symmetric countries, “Home” (H) and “Foreign” (F), each
one populated by a representative household who consumes and trades a portfolio of financial assets.
There are two different goods: H good and F good. Final consumption is a CES aggregate of the two
goods. The international portfolio consists of two assets: Home equity and Foreign equity. I allow
for two types of shocks in each country: endowment shocks and government spending shocks. I also
allow for uncertainty shocks: The variances of both endowment and government spending shocks
are indexed by time. They stochastically move period by period according to their autoregressive
processes. The number of shocks is larger than the number of assets available: This implies that

financial markets are incomplete.

B.1 Preferences

The household in country i = H, F' chooses consumption C? to maximize the intertemporal utility

function:
1 —O'
Ct—i—s

l1—0

maXEtZﬁs sl ) (B.1)

with coefficient of relative risk aversion o > 0. The Home final consumption basket combines home

and foreign goods:

CtH — [1/21/6(CfIH)(0—1)/0 + 1/21/0(Cf‘H)(0—1)/9]0/(9—1) (BQ)
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where ¢ is the amount of consumption good produced by country i and consumed by country j.

The Foreign consumption basket is:

CtF _ [1/21/9(05‘F)(9—1)/9 + 1/21/9(C£IF)(9—1)/6]9/(6—1)' (BB)

The aggregate consumer price index for Home, P is defined as:

PH = [1/2(p!) 0 + 1/2(pF )], (B.4)

where pff and p!” are the nominal prices of final home and foreign goods, denominated in the Home

currency. Similarly, Foreign price index in Home currency is defined as:

PE = [1/2(pF) 0 + 1/2(pf) 0] . (B.5)

In this economy the law of one price holds. Purchasing Power Parity (PPP) also holds, since I

assume no home bias.

B.2 Stochastic Processes

The endowment and government spending shocks follow an AR(1) process:

VP ="V el (B.6)
GP = ¢OGP + 5 (B.7)
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where YP and G denote the log of the endowment and the government spending shocks. VP is the
difference between the Home endowment of Home good and the Foreign endowment of Foreign good.
Similarly, GP is the difference between Home and Foreign government spending. The innovations
to the log processes (B.6) and (B.7), 5};]31 and 5?_&, are identically and independently distributed
with mean zero and variance o7}, and 079, respectively.

Furthermore, I assume that the variance of the shocks is time-varying. When an uncertainty shock
hits the economy at time ¢ + 1, the variances of 5}63 and 55:31 depart from their steady-state and

follow a mean reverting process:
o =p 0 + (1= p")o? + 0V, (B.8)

otzfl = pG02G +(1-— pG)afG + nGugl (B.9)

where uz;l and uﬁrl are identically and independently distributed processes with mean zero and

unitary variance. Since p¥ and p® are smaller than 1, as time passes, the variances converge to

2 2G17

their steady-states 02¥ and o

The budget constraint for the home economy at time ¢ is:

H
¥ p
nfafly+ Snfally = (07 - G g = Clt ol nfall + (of =gl SE (B0
t

17As in Benigno et al. (2011), I assume that the exogenous state variables follow conditionally-linear stochastic
processes, where the variances of the primitive shocks follow stochastic linear processes
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where nfa® are net foreign assets, and they are defined as:
nfal = qf SEH — ¢ SHY. (B.11)

S% stands for the stock issued by country 7 and held by country j, while ¢* is the price of the stock
issued by country i. v¥ and ¥ are the returns on the stocks issued by Home and Foreign and they
are defined in terms of the consumption good:

7H _ (PtH + Dy YH)
! Ptht—l 7

(B.12)

and
r (PHq +pFYE)

v, = , B.13
! PthtF—l ( )

where the dividend paid by country’s ¢ equity depends on the endowment of that country in that
period. Foreign agents solve a similar portfolio problem and their budget constraint is:

pf

Lnfal)? = (V) - G2
t

2 =G +nfal + (0" = )a S (B.14)

nfai:_l +
where nfa® are net foreign assets for the Foreign country, and they are defined as:

nfat-i—l =q; St+1 — a4 St+1 (B.15)

44



As in Devereux and Sutherland (2006), I define the Foreign holdings of Home equity:

ar =g ST (B.16)

B.3 Market Clearing Conditions

The resource constraints are

oty ol g =Y (B.17)
cHtyoff yaf =vF (B.18)

The market clearing condition for Home stocks is:

SHH 1 GHE — 1. (B.19)

The market clearing condition for Foreign equity is:

SFE 4+ §FH = 1. (B.20)

B.4 Optimality Conditions

The first-order conditions for country ¢ with respect to equities are:

CZ_U = 5Et(ci;f17£r1)a <B~21)

CZ_U = 5Et(cit—f17£r1)a <B~22)
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As shown by DS (2006), a second-order approximation of the portfolio problem is sufficient to
capture the different features of assets and tie down a solution for steady-state holdings of foreign
assets. The symmetric non stochastic steady state of the model is used as the approximation point
for non-portfolio variables. In steady state, nfa” = nfa =0, v =4, Y =G+ C and 8 = %
From the second-order approximation of the home country portfolio first-order conditions, we get:

. 1 . . A .
Et[”YBrl + 5(’7?{,t+1 - 712?,t+1) - UCH,tH’YD,tH] =0 (B.23)

with 4p = A — 4. Similarly, for the foreign country:

. 1, . . A .
EA5, + 5(7%1#1 — Yres1) — 0Cris19D441) = 0. (B.24)

Subtracting (B.24) from (B.23) , we find the equations that have to hold in equilibrium:

E481(Crigpr — Cragr)] = 0 (B.25)
R 1. ) 1 . .
E(35,) = —§Et(’ﬁ{,t+1 — Apra1) + 0'§Et[(CH,t+1 + Cris1)YD,04+1) (B.26)

Taking a first order approximation of Home and Foreign budget constraints and subtracting the
Foreign budget constraint from the Home one, yields the following law of motion for Home net

foreign assets:
A H Yo 1 -~ H
nfa,,, = Y+ anat -

Lap 94D - y—9g.
5 ~CP — éGf +ayP + =—==p" (B.27)

2 2
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where

a
- BC

a =

(B.28)

a being the steady-state value of a; as defined in (B.16). An increase in the volatility of Home
endowment increases Foreign asset’s holdings proportionally to the product of the elasticity of
consumption to endowment ncy and the elasticity of the return to the endowment shock n,.v.
Home endowment shocks have a positive effect on Home consumption and on Home returns. The
increase in Home endowment volatility increases the covariance between Home consumption and
Home asset returns and makes the Foreign asset a better hedging instrument against the endowment
risk. Similarly, an increase in Home government spending uncertainty modifies Home holdings of the
Foreign asset proportionally to the elasticity of government spending to consumption necg and the
elasticity of government spending to the Home asset return 7,.c. For reasonable parameter values,
the sign of noe is negative, as the intuition would suggest. An increase in government spending
crowds out private spending. The fact that returns positively react to government spending shocks
implies that their covariance with consumption is negative: An increase in the variance of Home
government spending further reduces the covariance between consumption and Home returns. Home
assets are therefore a good hedge against government spending volatility. The state-space solution

is characterized as follows:

~ H ~ H ~ ~ N
nfa’t—H = Tlf(lt + naYDY;D + NagP GtD + nafgt (B29)
N ~ H ~ N ~
CP =nepanfa, +neoyoY,” +nepao Gy + neveés (B.30)
D D
VW = Ney &+ Thegly (B.31)
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where ft = a4P. The DS solution for @ is:

~ _ NoyDTyey o + Nogp NyeG o?¢
a=- 29y 4 .2 _2G) (B.32)
nee(y 02 + 12 60%%)

B.5 Portfolio Dynamics

In this section I discuss the role of time-varying variances in portfolio dynamics. DS (2010a)
show that a combination of third-order approximations of the portfolio equations and second-order
approximations of the rest of the model delivers the path followed by the portfolio when the economy
is hit by a shock. It is first of all necessary to notice that the dynamics generated by the shocks
are different from the ones generated by their volatility. As shown in Benigno et al. (2011), in the
presence of uncertainty shocks the second-order approximation is sufficient to capture the effects of
uncertainty. First-order portfolio dynamics can be then generated by a combination of second and
third-order approximations of the model. The third-order approximation of the portfolio equations,
as obtained in DS (2010a), is

2
g ~D(2) ~ ag
[ UCt+1’Yt+1 + 7(0t+(1)7£r1) - _<C +1’Yt+1)>] =0, (B'33)

(\]

~D(2)

where CP® and A are the second-order approximations of consumption and return differentials.

The second-order approximation of the differential in consumption is:

~ ~ H . ~ R
CtD(Q) = nevanfa; +neoanY +nepapGP + UcDga%D+
UcDmDnJ?at’AVtD + 770DAD<2>3>t @ 4 TICDGD@)G 2y 770Dg<2)§t (B.34)
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where &; is now the product between the time-varying portfolio and the first-order approximation

of the returns, dt'ybt. The second-order approximation of the return differential is instead:

:YtD( )= 7778Y€t + 77755’575 + nvaY(Q)Ut + nvac(Q)UtG (B.35)

Plugging (B.34) and (B.35) in (B.33) and solving for d; leads to the following expression:

i (3 — )My Nyey Et(affl) + nCGn’ysGEt(o-thl))
.=
UUCD£<2)( 7EyEt(UHl) ,YEGEt(O-tJrl))

(B.36)

1 3—0

ncD§(2) o

N ~ 1 N .
Neel — Nean fa, g + ;(¢GG?770G + ¢Y,Pney))

where, E;(c7)) = [p¥0® 4+ (1 — p¥)o?¥] and Ey(c7%)) = [p%027 + (1 — p%)o?¢].
The resulting expression for the portfolio dynamics d; shows that besides the sources of dynamics
already identified by the literature (i.e., the state variables of the model, nfa, G and Y') also the

time-varying variances of the model can generate portfolio dynamics around the steady-state.
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C Tables and Figures
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Figure 1: Foreign holdings of U.S. assets
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Figure 2: U.S. holdings of foreign assets
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U.S. Holdings of Foreign Short-Term Debt
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Figure 3: U.S. holdings of foreign short-term bonds
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Figure 4: Home Holdings of Foreign stocks when uncertainty hits endowment, big autocorrelation
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Figure 6: Home Holdings of Foreign bonds when uncertainty hits endowment, big autocorrelation
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Figure 7: Home Holdings of Foreign bonds when uncertainty hits endowment, small autocorrelation
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Figure 9: Home Holdings of Foreign bonds when uncertainty hits government spending
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Figure 10: Home Holdings of Foreign stocks when uncertainty hits preferences
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Figure 11: Home Holdings of Foreign bonds when uncertainty hits preferences
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Table 1: Parameter Values

Parameters | Values
discount factor 15} 0.96
variance Y o 0.012
variance G o2, 0.012
variance v o2 0.012
persistence Y QY 0.66
persistence G o 0.9
persistence v o 0.66
elasticity of substitution 0 2
risk aversion o 4
persistence o2V p¥ 0.9
persistence 02¢ p¢ 0.9
persistence 0¥ pY 0.9
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