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Introduction

Are hot money flows, the capital flows driven by the portfolio choices of foreign investors, a source of
international instability or are they part of a beneficially international adjustment process? To many, the
answer seems rather obvious. Sudden inflows of hot money are thought to often produce bubbles in the local
asset prices, excess credit expansion, inflation, excessive exchange rate appreciation and current account
deficits. And, when they are reversed, hot money outflows are believed to deflate local asset prices, leading
to a rapid contraction in domestic credit that sends the economy into a recession and possibly a foreign debt
crisis (see, e.g., Reinhart and Reinhart, 2008).

While these arguments appear relevant in understanding particular episodes, such as the 1997 Asian
Financial crisis, their general applicability is less obvious. Are all hot money flows a source of instability, or
just flows over a certain size? And, if so, how should this threshold be measured? Unfortunately, existing
models give little guidance on these questions. Essentially, most open economy macro models ignore the role
hot money may play in the external adjustment process that follows domestic and foreign shocks. Hot money
flows aren’t identified in models where all international asset trade takes place via a single risk free bond, and
have no real effects in multi-asset models where markets are complete. In this paper, I develop a new macro
model to study the role of hot money flows in the international adjustment process. In particular, I examine
whether there are circumstances where the hot money flows produced by optimal portfolio reallocations
actually facilitate the adjustment process following domestic and foreign shocks.

The model is built around a standard core. There are two countries, each populated by a continuum
of infinitely-lived households with preferences defined over the consumption of two perishable traded goods.
Households have access to a wide array of financial assets: domestic equity and risk free bonds as well as
foreign equity and bonds. Their portfolio decisions are the driver of hot money bond and equity flows in the
model. On the production side, I assume that the world supply of each traded good follows an exogenous
endowment process and that there are no impediment to international goods trade. To this simple structure
I add three key elements: collateral constraints that limit international borrowing in bonds, a restriction
that limits the flexibility households have in reallocating their wealth among foreign bonds and equity, and
external habits in households’ preferences. The first two elements make markets incomplete so households’
portfolio decisions affect equilibrium consumption, savings and international trade flows. The third element
allows me to study the role hot money plays in the adjustment process following preference shocks that
change households’ risk aversion. The financial and marco effects of these risk shocks are quite different from
endowment shocks and play a central role in my analysis.

My analysis delivers three main results:

1. When the parameters governing the dynamics of endowments and habits are estimated so that the
model replicates the moments of real exchange rates, real interest rates and consumption; risk shocks
are found to be the dominant driver of international adjustment between the U.S. and Europe; affecting
real exchange rates, real interest differentials, consumption growth differentials and real trade flows.
Following Evans (2012a), I refer to risk shocks as the source of the dark matter that accounts for the

excess volatility in real exchange rates and the failure of uncovered interest parity (UIP) observed in



U.S. and E.U. data.

2. The model identifies two distinct international adjustment processes. Temporary endowment shocks
produce jumps in a country’s net foreign asset position that reflect changes in the expected path
of future exports and imports. This is the standard external adjustment process that underlies the
intertemporal approach to the current account; referred to as “the trade channel” by Gourinchas and
Rey (2007b). In contrast, risk shocks produce jumps in a country’s net foreign asset position that
primarily reflect new expectations concerning the future return differentials between foreign assets
and liabilities. Gourinchas and Rey refer to this mechanism as “the valuation channel” of external
adjustment. Since risk shocks are estimated to be the dominant driver of international adjustment
between the U.S. and E.U., the model predicts that most of variation their net foreign asset positions
should come via the valuation channel. Consistent with this prediction, I show that forecasts of future
return differentials contributed most to the volatility of the U.S. net foreign asset position between

1973 and 2007.

3. The model also makes stark predictions about the behavior of hot money. Temporary endowment
shocks produce negligible hot money flows because they have minimal affects on the optimal allocation
of households’ portfolios. In contrast, risk shocks produce large hot money flows via portfolio reallo-
cations because they alter the hedging properties of risky assets and drive households towards their
collateral constraints. These hot money flows represent part of the valuation channel of external adjust-
ment. Moreover, they appear beneficial in the sense that they allow households to fund consumption

paths that closely approximate the paths under complete markets.

The remainder of the paper is divided into six sections. The model I develop draws on several lines of
research from the asset-pricing and open-economy macro literatures. Section 1 discusses this research and
explains where I extend existing work. Section 2 presents the model. Section 3 explains how I solve and
calibrate the model to match the U.S. and E.U. data. In Section 4 I identify the elements that contribute
to the external adjustment process. Section 5 contains my quantitative analysis of the model, including my

empirical examination of the U.S. valuation channel. Section 6 concludes.

1 Related Literature

My analysis is related to three major areas of research: The first studies the asset-pricing implications of
non-standard preferences, the second examines portfolio choice in open economy general equilibrium models,
and the third focuses on the process of international external adjustment. These areas of research are covered
by too vast a literature to survey here. Instead I focus on how my analysis relates to key work in each area.

Campbell and Cochrane (1999) first showed how the presence of habits could account for behavior of
equity prices in a closed economy model where the equilibrium real interest rates was constant. In reality,
real depreciation rates are much more volatile than real interest differentials among major economies, so it
is natural to conjecture that a model with habits could produce realistic exchange-rate dynamics without

large variations in interest differentials. Evans (2012a) investigates this possibility using a simplified version



of the model in this paper. These papers are part of an expanding literature that uses habit formation to
explain asset prices in open and closed economies (see, e.g., Sundaresan 1989, Abel 1990, Constantinides
1990, Detemple and Zapatero 1991, Ferson and Constantinides 1991, Heaton 1995, Jermann 1998, Boldrin,
Christiano and Fisher 2001, Chan and Kogan 2002, Menzly, Santos and Veronesi 2004, Santos and Veronesi
2006 and Buraschi and Jiltsov 2007). I adapt the Campbell and Cochrane (1999) habit specification to
an open-economy setting. In their model habits are a function of past consumption shocks which are
completely determined by an exogenous endowment process. As in Bekaert, Engstrom, and Xing (2009),
I allow habits to depend on domestic consumption and exogenous preference shocks. These shocks have
the natural interpretation of risk-shocks because they change the local curvature of the households’ utility.
They are correlated with equilibrium consumption via variations in the terms of trade so that habits remain
tightly linked to current and past consumption, as in Campbell and Cochrane (1999).

The presence of habits allows my model to account for the forward premium puzzle in a similar manner
as Verdelhan (2010). He assumes that markets are complete and that households only consume domestically
produced goods. This extreme form of home bias allows him to circumvent the problems induced by variations
in the terms of trade but at the cost of eliminating international trade. Moore and Roche (2010) and
Heyerdahl-Larsen (2012) also use models with habits and complete markets to account for the forward
premium anomaly. Here habits are relate to the consumption of individual goods (sometimes called deep-
habits).! One key difference between these papers and my analysis is that I study equilibria where markets
and incomplete. Jonen and Scheuring (2011) also study the forward premium puzzle with habit-based
model and incomplete markets. In their model households consume a basket comprising a single traded and
nontraded good so variations in the terms of trade are absent. I specify households’ preferences over multiple
traded goods to allow for consumption home bias and realistic co-movements between real exchange rates
and the terms of trade (see, e.g., Engel, 1999).

The model I develop also falls into the class of general equilibrium models with optimal portfolio choice.
A large number papers in this area focus on the possible source of home bias in equity portfolio holdings (see,
e.g., Engel and Matsumoto 2009, Coeurdacier and Gourinchas 2008, Coeurdacier, Kollmann, and Martin,
2010, and Devereux and Sutherland, 2010). Home equity bias arises in my model for a novel reason: the
presence of financial frictions stop the equilibrium risk premia from providing sufficient compensation to
households for the poor exchange-rate hedging properties of foreign equity. Financial frictions take two
forms: (i) they impair households’ ability to reallocate portfolios among foreign bonds and equity, and (ii)
they limit international borrowing via a collateral constraint. These frictions also impede the degree of
international risk sharing in equilibrium. In contrast, most general equilibrium models of portfolio choice
study equilibria with complete markets (see, Coeurdacier and Rey, 2011 for a recent survey).? My analysis
also relates to research on the joint determination of capital flows and equity returns. Representative papers
in this area include Bohn and Tesar (1996), Froot and Teo (2004), Stulz (1999), and Froot, O’Connell, and
Seasholes (2001). Hau and Rey (2006, 2004) extend the analysis of the equity return-capital flow interaction

IBansal and Shaliastovich (2010) and Colacito and Croce (2011) also assume an extreme form of home bias to avoid a similar
problem in their adaption of the long-run risk framework proposed by Bansal and Yaron (2004).

2Exceptions include Evans and Hnatkovska (2005a, 2005b, and 2007) and Hnatkovska (2010) where markets are incomplete
because households are prohibited from trading in some international asset markets.



to include the real exchange rate. Evans and Hnatkovska (2005a), Devereux and Sutherland (2010) and
Van Wincoop and Tille (2007) all model capital flows as the result of optimal portfolio reallocations in
a similar manner to this paper. One noteworthy difference here is that capital flows induced by output
(productivity) shocks are quite different from the flows induced by risk shocks.

Following Gourinchas and Rey (2007b), a growing literature has examined the international external
adjustment process that links the value of a country’s net foreign asset position to expected future trade
flows, foreign asset and liability returns. Gourinchas and Rey found that revisions in expected future returns
played a larger role U.S. net foreign asset dynamics than standard models would predict. Their findings
spurred a series of papers examining the behavior of international returns,® but as Gourinchas and Rey
(2013) note in a recent survey article, existing models have yet to provide the theoretical foundation for the
link between net foreign assets and expected future returns. My analysis takes a step towards filling this
gap. In particular, I show that variations in expected returns and net foreign assets positions produced by
the model match the patterns in U.S. data because risk shocks produce sizable variations in risk premia.
Moreover, since risk shocks also induce large portfolio reallocations, hot money flows play an integrate role

in the adjustment process driving the dynamics of net foreign assets.

2 The Model

I study the behavior capital flows in a model that reproduces the observed co-movements in real exchange
rates, interest rates and consumption. The model is designed to focus on how shocks generate international
debt and equity flows via their affects on households’ optimal saving, consumption and portfolio decisions in
the presence of financial frictions that impede international risk-sharing. I study the effects of two types of
shocks: shocks to the output of internationally traded goods, and preference shocks that change household’s
risk-aversion. These shocks have different implications for the behavior of asset prices and capital flows, so
I assess their relative importance by calibrating the model to match key features of the data.

The model comprises two symmetric countries, which I refer to as the U.S. and Europe. Each country
is populated by infinitely-lived households with preferences defined over the consumption of two perishable
traded goods. For simplicity, there are no nontraded goods or impediments to trade in goods between the
two countries. I also assume that the world supply of each traded good follows an exogenous endowment
process, one located in each country.* The model includes three key features beyond this simple structure:
external habits in household preferences, a collateral constrain that limits international borrowing, and a

restriction that limits portfolio reallocations among foreign assets.

3Early papers in this literature (Obstfeld and Rogoff, 2005; Lane and Milesi-Ferretti, 2005; Meissner and Taylor, 2006 and
Gourinchas and Rey, 2007a) estimated that the return on U.S. foreign assets was on average approximately three percent per
year higher than the return on foreign liabilities. Subsequent papers by Curcuru, Dvorak, and Warnock (2007) and Lane and
Milesi-Ferretti (2009) argued that these estimates were biased upward because of inaccuracies in data.

4This assumption rules out the possibility that domestic production could be impaired by the effects of capital outflows on
the domestic credit markets (as in the literature on “sudden stops”; e.g., Mendoza, 2010). Clearly, this is a concern in economies
where the domestic banking system is heavily dependent on foreign funding and domestic firms have limited access to world
capital markets. My focus in this paper is on large economies where these issues are much less of a concern. I leave the task of
extending the model to include production and domestic banking for future work.



2.1 Household Preferences

Each country is populated by a continuum of identical households distributed on the interval [0,1]. House-
holds’ preferences are defined over a basket of traded consumption goods. In particular, the expected utility
of a representative U.S. household i € [0, 1] in period ¢ is given by
)
Uip =B > BUCisrg, Hiyy),  with  U(Ciy, Hy) = £2{(Ciy — H)'Y =1}, (1)
j=0
where 1 > 8 > 0, v > 0 and E; denotes expectations conditioned on period-t information, which is common
to all households. Each household’s sub-utility ¢/(C; ;, H;) depends on current consumption, C; 4, and the
subsistence level of consumption, or external habit level, H;. This habit level is treated as exogenous by
individual U.S. households but varies with aggregate U.S. consumption, C;. Specifically, let S; = (Cy—H;)/C
denote the aggregate surplus consumption ratio. Following Campbell and Cochrane (1999), I assume that

the log surplus ratio s; = In(S;) follows a heteroskedastic AR(1) process

si41 = (1 — @)5 + dsy + w(s)vit1, (2)

where 1 > ¢ > 0 and 5 is the steady state value of s;. (Hereafter I use lowercase letters to denote the natural
log of their uppercase counterpart.) The i.i.d. mean-zero, unit variance v; shocks affect the surplus ratio
via a non-negative sensitivity function w(s;), which I discuss below. Notice that the U.S. habit level is given
by Hy = [1 — exp(s:)]Ct so negative v; shocks raise habit relative to current aggregate consumption, but
they cannot push habit above current consumption. The surplus ratio also determines the local curvature
of households’ utility functions. For a representative household —C; (U (C; ¢, Hy) /Uee(Civy He) = 7/ St, so
their risk aversion tends toward infinity as the surplus ratio goes to zero.

The U.S. consumption basket comprises U.S. and E.U. traded goods:

_0
Cia = C(CL,CE) = (e ™ + (L —myr Cry o) (3)
where C}} and C7} identify the consumption of U.S. and E.U. goods by U.S. household i. The parameter
n € (0,1) governs the desired share of each good in the basket and 6 is the elasticity of substitution between
goods. I follow standard practice in the literature and focus on the case where 1 > 1/2, so that households’
preferences exhibit consumption home-bias.

E.U. household i € [0, 1] has analogous preferences:
Uip =B Y AUC 145, Hivy), 4)
3=0
where the E.U. consumption basket is

0
-1

Cuu=CICE k) = (w03 + (1= €7 ™ o



The external E.U. habit level H, = 1- exp(§t)]C't depends on aggregate E.U. consumption, C,, and the log

surplus ratio, & = In S;, which follows
8t41 = (1 — ¢)5 + 951 + w(8¢) 0141, (6)

where ;11 are i.i.d. mean-zero, unit variance shocks. As above, the surplus ratio S, determines the local
curvature of E.U. household utility: — AZ-,,J/{C(CA'Z-_,t, H’t)/lxlcc(@yt, H’t) = 'y/S't.

Campbell and Cochrane (1999) assume that shocks to the log surplus ratio are perfectly correlated with
unexpected changes in aggregate consumption. In their closed economy model equilibrium consumption is
determined by an endowment process so unexpected consumption depends on the exogenous endowment
shock. This specification also implies that the level of external habit is a nonlinear function of current and
past aggregate consumption. Here, in contrast, each country’s aggregate consumption comprises a basket
of traded goods so shocks affecting the endowments of either good and/or relative prices contribute to
unexpected consumption in both countries. Thus, in this setting the Campbell and Cochrane specification
would produce a cross-country correlation between shocks to the log surplus ratios that greatly complicates
the analysis of how changes in risk-aversion are transmitted internationally. To facilitate this analysis, I
assume instead that the shocks to log surplus processes in (2) and (6) are independent and exogenous. They
thus have the natural interpretation as risk shocks because they change the local curvature of households’
utility. This specification enables us to study how changes in risk aversion originating in one country are
transmitted internationally by tracing their effects on equilibrium asset prices and capital flows.

My specification for the s; and §; processes has two other noteworthy implications. First, it does not rule
out a correlation between consumption growth and the log surplus ratio in each country. On the contrary, risk
shocks affect consumption growth because they alter the real exchange rate and the terms of trade, which in
turn induce households to adjust the composition of their consumption baskets. Thus, consumption growth
is correlated with the log surplus ratios, but the correlation is imperfect and is determined as part of the
model’s equilibrium. This feature of the model is consistent with the results in Bekaert, Engstrom, and
Xing (2009). They find evidence in U.S. data of an imperfect correlation between the log surplus ratio and
consumption growth in a model that adds exogenous shocks to the Campbell and Cochrane specification.

The second implication concerns the dynamics of habits. By definition the level of U.S. habit is given
by H; = [1 — exp(st)]C, so domestic risk shocks can in principle affect the level of habit independently of
their effect on aggregate consumption (i.e., via their impact on s;). This is not an important effect in the
calibrated equilibrium of the model. I show below that almost all the variations in the level of habit are
related to current and past innovations in domestic consumption.

The processes for the log surplus ratios in (2) and (6) also contain a sensitivity function that governs the

reaction of the ratios to risk shocks. I assume that the function is decreasing in the log surplus:

W(Smax - S) S S Smax
w(s) =

0 S > Smax



where w is a positive parameter. In the continuous time limit, s; and §; never exceed the upper bound of
Smax, SO there is a corresponding lower limit on households’ risk-aversion. The sensitivity function in the
Campbell and Cochrane specification is also decreasing in the log surplus ratio but is parameterized to keep
risk-free interest rates constant. The specification here allows for variations in interest rates depending on
the values for w and sy.x. I calibrate these parameters to match the co-movements in real exchange rates,

real interest rates and consumption below.

Prices and Exchange Rates

The model contains two international relative prices: the terms of trade and the real exchange rate. These
prices are linked through the consumption price indices in each country. Let P’ and PV denote the prices
of the U.S. and E.U. goods in dollars, while PtUS and PtEU denote their prices in euros, respectively. The U.S.
and E.U. price indices corresponding to the consumption baskets in (3) and (5) are

1
—0

P = <n(PtUS)19 +(1-1n) (ptEU)le) ' and P, = <77(]5t1*3U)1‘9 +(1—-n) (thS)le)

The real exchange rate is defined as the relative price of the E.U. consumption basket in terms of the U.S.
basket, & = Stpt /P;, where S; denotes the dollar price of euros. There are no impediments to international
trade between the U.S. and the E.U. so the law of one price applies to both the U.S. and E.U. goods: i.e.,
PPs = 8PP and PFY = S, PFU. Combining these expressions with the definitions of the real exchange rate

and the price indices gives

_ (T A=)\
gt_(nﬂln)ﬁ“’) ’ ™

where T; denotes the U.S. terms of trade, defined as the relative price of imports in terms of exports, PV /P/S.

When there is home bias in consumption (n > 1/2), a deterioration in the U.S. terms of trade (i.e. a rise in
T:) is associated with a real depreciation of the dollar (i.e. a rise in &).

Equation (7) makes clear that the model attributes all variations in real exchange rates to changes in
the relative prices of traded goods via the terms of trade. This feature of the model is broadly consistent
with existing empirical evidence on the source of real exchange rates variations. For example, Engel (1999)
finds that little of the variation in real depreciations rates over horizons of five years or less originate from
differences between the relative prices of traded and nontraded goods across countries. The omission of non-
traded goods from the model doesn’t significantly impair its ability to replicate the short- and medium-term
dynamics of real depreciation rates. Equation (7) also implies that the real depreciation rate is strongly
correlated with changes in the terms of trade when there is home bias in consumption. This implication is
also consistent with the data. Real depreciation rates are very strongly correlated with changes in terms of

trade over short horizons (see, e.g., Evans, 2011).



Assets and Goods Markets

There are four financial markets: a market for U.S. equities, E.U. equities, U.S. bonds and E.U. bonds. U.S.
equity represents a claim on the stream of U.S. good endowments. In particular, at the start of period ¢,
the holder of one share of U.S. equity receives a dividend of D; = (P/$/P;)Y;, measured in terms of the
U.S. consumption basket, where Y; is the endowment of the U.S. good. The ex-dividend price of U.S. equity
in period t is @, again measured in terms of U.S. consumption. A share of E.U. equity pays a period-t
dividend of D; = (]5;3” / Pt)f/} and has an ex-dividend price of Qt, where Y} is the period-t endowment of the
E.U. good. Notice that Qt and D, are measured relative to the E.U. consumption basket. The gross real
returns on U.S. and E.Q equity are given by

Ri%1 = (Qey1 + Diy1)/ Q1 and ]%?4?1 = (Qt41 + Diy1)/ Qs

Households can also hold one-period real U.S. and E.U. bonds. The gross return on holding U.S. bonds
between periods t and ¢t + 1 is R;, measured in terms of U.S. consumption; the analogous return on E.U.
bonds is Rt, measured in terms of E.U. consumption.

Households have access to both domestic and foreign bond and equity markets subject to two financial

frictions (discussed below). Let B3, By, A} and A}} respectively denote U.S. household i’s holdings of

7,0

U.S. and E.U. bonds, and shares of U.S. and E.U. equity in period ¢t. The budget constraint facing the

household is

E\QuAR + E B + QuAY; + BYS + Cyy =
Ri 1B+ AV _((Qu+ Dy) + E R BEY_y + E AT (Qr+ Dy). (8)

Notice that the first two terms on the left-hand-side represent the value of U.S. foreign asset holdings in

period t. The budget constraint facing E.U. household i is
QuAYS /& + BYS & + B + QA + Ciyy =
A% (Qu+Di) + Ry 1Bl + R BYS /& + AV _1(Qi + Dy) /&, (9)

where BZU;, Bf‘tj, Af; and Af‘tj respectively denote the number of U.S. bonds, E.U. bonds and the number of

shares of U.S. and E.U. equity held by E.U. household ¢ in period t.
The market clearing conditions are straightforward. Both U.S. and E.U bonds are in zero net supply so

the bond market clearing conditions are
1 1 1 1
0— / BSdi + / Bdi  and 0= / BPdi + / B di. (10)
o o o o
The supplies of the U.S. and E.U. equities are normalized to one, so market clearing requires that

1 1 1 1
1:/ A;{idz’Jr/ A%di and 1:/ Aff;di—i—/ A i, (11)
0 0 0 0



Market clearing in the goods markets requires that aggregate demand from U.S. and E.U. households matches

the world endowment of each traded good:
1 1 A 1 1
V- [csais [cna ad V- [ omais [ cna (12)
0 0 0 0

Endowments of the two traded goods are driven by exogenous non-stationary processes. Specifically, I

assume that the log endowments y; = InY; and g; = InY; follow:

Y = Z + 2 and Z}t =z¢+ ,?A,’t, with (13&)

Zy = Zi—1+ g+ ug, 2t = pzi-1+ e and 2y = pZi—1 + é. (13b)

Here Zz; identifies the stochastic trend (unit root process), while z, and 2, denote the cyclical components

that follow AR(1) processes with 1 > p > 0. The three endowment shocks, u;, e; and é; are mutually
2

uncorrelated mean-zero random variables, with variances o2, 02 and o2, respectively. In the absence of any

shocks, both endowments grow at rate g.

Financial Frictions and Household Decisions

Households face two financial frictions when making their optimal consumption and portfolio decisions. The
first limits their ability to reallocate their foreign asset holdings between bonds and equities. The second
friction takes the form of a collateral constraint that prevents rolling over international debt through the use
of Ponzi schemes.

To limit portfolio reallocations among foreign assets, I assume that each household can only hold foreign
equity and bonds as part of a foreign asset portfolio with fixed weights. Specifically let F'A;; = StQtAfft’ +
&:B}] denote the value of the foreign asset portfolio held by U.S. household ¢ in period ¢. The portfolio
weights for equity and bonds are fixed at p and 1 — g, so that the value of E.U. equity and bond holdings
held by U.S. household i are

QA = pF Ay and & BF) = (1 - p)FA;. (14)

Similarly, E.U. households hold U.S. bonds and equities as part of a their foreign asset portfolio, ﬂi,t =
QiAYS /€ + BYS /€, such that

QA )& = pFA;, and BY/& = (1— p)FA,,. (15)

With these restrictions, the return on U.S. and E.U foreign assets are given by

R = (E1/E) (PRI + (1 —p)Ry)  and R = (E/E1)(pRiY + (1 — p)Ry),

where R;¢, and Rf_‘ﬁl are the returns on U.S. and E.U. equity. These restrictions limit households’ ability to

change the composition of their foreign asset portfolios but not the value of foreign assets in their total wealth.



While portfolio reallocations could be limited by other means (e.g., via the introduction of transactions costs),
this is a tractable way to give households’ more flexibility in reallocating their wealth among domestic than
foreign assets.

The restrictions in (14) and (15) have two other useful features. First, we can use solutions of the model
with different values for p to study how greater financial integration in world equity markets affects the
behavior of capital flows. For example, when g is set equal to zero all foreign assets are held in the form of
bonds, so international bond transactions exclusively drive capital flows. When p is set above zero, capital
flows in the model comprise bond and equity flows. My analysis below is based on a calibration of the model
where the value of p matches the average equity-to-debt ratio in U.S. foreign asset positions. Second, if the
value of g is chosen optimally when the economy is in the steady state, the restrictions in (14) and (15)
can be interpreted as arising from the presence of transaction/monitoring costs. For example, if p is chosen
to maximize household utility in the steady state, (14) and (15) can be interpreted as arising from optimal
portfolio decisions when deviations from the steady state are short-lived and changing the composition of
foreign assets incurs a fixed cost. I compare this value for p with the average equity-to-debt ratio in U.S.
foreign asset positions in Section 3.

The second friction takes the form of a collateral constraint. For the case of U.S. household 4, the

constraint takes the form of a lower bound on U.S. bond holdings:
B} > —(1+ ) F A, (16)

where s > 0. The constraint implies that U.S. households can borrow by issuing domestic bonds up to the
point where the real vale of their debt is (14 ) times the value of their foreign asset holdings. The constraint

facing E.U. household i takes an analogous form:
B > —(1+3)F Ay (17)

The constraints in (16) and (17) have several noteworthy implications. First, they do not limit the total
amount of borrowing by any household. Second, foreign bonds and equity have equal value as collateral;
the constraints in (16) and (17) apply to the value of total foreign asset holdings not the value of foreign
bond and equity holdings individually. Third, variations in both exchange rates and equity prices affect the
collateral value of foreign asset holdings. For example, since F'A;; = &Q}Aﬁ‘j + &BfY, a fall in foreign
equity prices Q; and /or a real depreciation of the dollar (i.e. a fall in &) will push U.S. households towards
the point where the constraint binds. Lastly, (16) and (17) exclude the use of domestic equity as collateral.
Since U.S. households only hold E.U. equity as part of their foreign asset portfolio, E.U. equity has no value
as collateral when E.U. households want to borrow internationally.

I now describe the consumption and portfolio allocations decisions facing households. Let W;; denote

the real wealth of U.S. household i at the start of period ¢ and let o and o identify the fraction of wealth
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held in domestic equity and foreign assets at the end of period t¢:
QAL (W, Cit) and iy =FAi /Wit —Ciy).

The problem facing U.S. household ¢ may now be written as

MClJf{Cus Cl:ut’alﬁaFA }EtZﬁju OE§+]7C£;J+J),H,§+]) (183)

7=0
s.t. Wi,t+1 = R;}vt+1(Wi7t — Ci,t) and (18b)
Ni,t = (1 — al t + J{O[Z t)(Wi,t — Ci,t) Z 0. (18C)

Equation (18c) rewrites the collateral restriction in (16) using the portfolio shares. Equation (18b) rewrites

the budget constraint in terms of wealth and the real return on the households’ portfolio:
Ry = R+l (RS, = R) +alh (R - R (19)

The problem facing E.U. household i is analogous:

oo

Maz v ¢ ms am Be D BU (C(é;igﬂ,égiﬂ),ﬁtﬂ) (20a)

7=0
st Wi =R t+1(vi/ — (i) and (20D)
Ni,t:(l—@{ dp)( Wiy —Cy) > 0. (20c)

Here &i‘? = Qtﬁf‘i/(Wzt - C’,t) and &7 = FAiyt(VAVi,t - C’Zf) are the fractions of wealth invested in E.U.
equity and foreign assets; Wi,t is real wealth (measured in terms of E.U. consumption) at the start of period

t, and R;"’f 41 is the real return on the household’s portfolio:
Ry = Bl (R, — Bo) + ot (R - R (21)

Since households within each country have the same preferences and face the same constraints, we can focus
on the behavior of a representative U.S. and E.U. household without loss of generality. Hereafter, I drop the

1 subscripts on consumption and the portfolio shares to simplify notation.

3 Equilibrium

3.1 Solution Method

An equilibrium comprises a sequence for the real exchange rate {&;}, real interest rates {R; and ]%t},
and equity returns {R® and RP®}, consistent with market clearing in the goods and asset markets given
the optimal consumption and portfolio decisions of households and the exogenous endowments. In this

model finding the equilibrium processes for {&;, Ry, Ry, R®® and R} is complicated by the presence of
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incomplete markets, portfolio choice, and occasionally binding collateral constraints - a combination of
features precludes the use of standard methods. Following Evans (2012a), I solve the model using barrier
methods and approximations around the model’s stochastic steady state.?

Barrier methods are widely used in the optimal control literature to solve optimization problems involving
inequality constraints (see, e.g., Forsgren Anders and Wright, 2002). The basic idea is to modify the objective
function so that the optimizing agent is penalized as his actions bring him closer to the barrier described
by the inequality constraint. This approach converts the original optimization problem with inequality
constraints into one with only equality constraints that can be readily combined with the other equilibrium
conditions to derive an approximated solution to the model. Preston and Roca (2007) and Kim, Kollmann,
and Kim (2010) use barrier methods in this way to solve incomplete markets’ models with heterogenous
agents. Here I extend the approach to solve a model that also includes portfolio choice.

Following Kim, Kollmann, and Kim (2010), I modify the sub-utility functions for the representative U.S.
and E.U. households to

U(Cy, Hy, Ny) = ﬁ [ —my——1)+ ((l;fgt)v {m (ﬁi) - (W)} (222)

and

U(Cy, Hy, Ny) = ﬁ {(Co—m)y =1} + ég)v {ln (JTZ) - (W) } . (22p)

where 1 > 0 and bars denote the values of variables in the steady state. These modifications penalize
households as their portfolio choices bring them closer to their respective collateral constraints. For example,
as U.S. households’ foreign asset holdings close in on the point where the constraint binds, Ny = (1 — a}® +
»af*) (Wi — Ct) nears zero, and the last term on the right-hand-side of (22a) approaches its limiting value
of —oo. Similarly, the last term in (22b) approaches —oco when E.U. households near the point where their
collateral constraint binds. As a consequence, households will sometimes choose portfolios that come close to
the point where the collateral constraint binds, but never to the point where is actually does. The importance
of this distinction depends on the size of the barrier parameter, u, that governs the rate at which the utility
cost rises as the household approaches the constraint. If we consider a sequence of solutions to the modified
households’ problems as p takes smaller and smaller values, the sequence will converge to the solutions of
their original problem in the limit as u — 0 (see, e.g., Forsgren Anders and Wright, 2002). The solutions of
the model I examine below are robust to alternative choses for p that are close to zero. Notice, also, that
the last terms on the right-hand-side on (22) disappear when N; = N, = N,. This implies that household
decisions are unaffected by collateral constraints in the steady state.

I use standard log-linear approximations to the households’ first-order conditions from the modified
optimization problems and the market clearing conditions to find the equilibrium process for the real exchange
rate, real interest rates, and other endogenous variables. These approximations are computed around the

model’s stochastic steady state.® This is the point at which the exogenous surplus ratios, s; and §;, equal

5The Appendix provides a description of the solution method and mathematical derivations of the results presented below.
6In some models, incomplete risk-sharing induces non-stationary dynamics in household wealth so there is no unique deter-
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their long run value of 5, and the cyclical components in the endowment processes, z, and 2,, equal zero so
the endowments of U.S. and E.U. goods are equal and follow the stochastic trend (i.e., y: = ¢+ = Z;). In the
stochastic steady state households expect both endowments to grow at rate g, (i.e., EtAy; = EtAgi; = g,
for all i > 0 ), but they do not expect any future changes in the surplus ratios (i.e., E¢s¢4; = E;8§;4; = 5 for all
¢ > 0). Households also recognize that future endowments and surplus ratios are subject to shocks. It is this
recognition that distinguishes the stochastic steady state from its conventional deterministic counterpart. It
implies that households’ steady state portfolios are uniquely identified from the joint conditional distribution

of future returns and utility.”

3.2 Parameterization

The model contains 15 parameters: the preference parameters, 3, v, n and ; the parameters governing the
surplus ratios, ¢, 3, sSmax and w; the parameters of the endowment processes, p, g, 02 and o2; the collateral
constraint, s, the barrier parameter, p, and foreign asset weight, . I set the values for some parameters to
be consistent with the values that appear elsewhere in the literature. The values for other parameters are
chosen that so that the model’s equilibrium match key moments of U.S. and E.U. data.

The values assigned to the model’s parameters are shown in Table 1. The model is parameterized so that
one period corresponds to one quarter. S is set equal to 0.99, while v and n are assigned standard values of 2
and 0.85, respectively. Thus, households are risk-averse and have a strong bias towards the consumption of
domestic goods. In actual economies the local prices of domestic- and foreign-produced consumer goods are
relatively unresponsive to quarterly variations in spot exchange rates because the effects are absorbed by the
production and distribution sectors. These sectors are absent in the model. Consequently, variations in the
real exchange rate are directly reflected in the relative prices that drive households’s consumption decisions.
To compensate for this feature, I treat 6 as a composite parameter, 8*(1 — <), where ¢ denotes the fraction
of exchange rate variations absorbed by the un-modeled production and distribution sectors, and 6* is the
“true” elasticity of substitution. Setting 6* equal to 0.72, as in Hnatkovska (2010) and Corsetti, Dedola, and
Leduc (2008), and ¢ equal to 0.85, gives a value for 6 of 0.11.%

The parameters g, » and u determine how financial frictions affect the model’s equilibrium. In the
benchmark parameterization I set the share of equity in foreign asset portfolios g equal to 0.42. This is
one half the average share of equity and FDI in U.S. Foreign assets and liability portfolios between 1973
and 2007. The values for > and p are chosen to imply reasonable restrictions on the degree of international
borrowing. I set the value of s equal to 0.5 so that households can issue debt up to 150 percent of the value

of their foreign asset holdings. This limit implies an upper bound on the ratio of net foreign debt (i.e. debt

manistic steady state around which to approximate equilibrium dynamics. Schmitt-Grohe and Uribe (2003) discuss how the
introduction of endogenous discounting in households’ preferences, asset-holding costs and (ad hoc) debt-elastic interest rates
can induce stationarity. In this model stationarity is induced endogenously via the collateral constraints that make interest
rates sensitive to a country’s net foreign asset position.

7All assets have the same riskless return in the deterministic steady state so portfolios are not uniquely identified. One
approach to this identification problem is to consider the portfolio choices in the limit as the variance of exogenous shocks goes
to zero; see, e.g., Judd and Guu (2001).

8Obviously, this is a very reduced-form approach of capturing the low rate of exchange-rate pass-through we observe empir-
ically (see, e.g., Campa and Goldberg, 2008) For a recent discussion of the possible reasons for low pass-through, see Devereux
and Yetman (2010).
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Table 1: Parameterization

Symbol Parameter Values

A: Assigned Values

8 discount function 0.990
v utility curvature 2.000
n home good share 0.850
0 elasticity of substitution 0.110
g steady state growth rate 0.028
S average log consumption-surplus 0.050
© equity share in foreign asset portfolios 0.420
» collateral constraint 0.500
I barrier parameter 0.030
B: GMM Estimates
10} autocorrelation in log surplus 0.826
Sax upper bound on log surplus 0.060
w variance sensitivity 0.198
P autocorrelation in endowments 0.877
Oe standard deviation of endowment shocks* 0.777

Notes: * expressed in percent per quarter.

minus foreign assets) to trend GDP of approximately 190 percent. The value for the barrier parameter p
governs how equilibrium returns change as households get closer to the point where the collateral constraint
binds. I set i equal to 0.03. in the benchmark parameterization.’

The remaining parameters govern the endowment and log surplus processes. I assign values to two of
these parameters. The first is the value for the long run growth rate, g, which I set equal to 0.028. The
values of 3, v and g together imply that the steady state real interest rate in both countries equals 1.5
percent per year. Following Campbell and Cochrane (1999) T also assign a value to the steady state surplus
consumption ratio, S, of 0.057, so the steady state level of habit is 94 percent of consumption. The remaining
parameters are estimated by GMM so that the model’s equilibrium matches five key moments of quarterly
U.S. and E.U data: (i) the variance of the real depreciation rate for the USD/EUR, (ii) the variance in the
per capita consumption growth differential between the U.S. and E.U., (iii) the variance of the real interest
differential between the U.S. and E.U., (iv) the first-order autocorrelation in the real interest differential,
and (v) the slope coefficient from a regression of the real depreciation rate on the real interest differential.!®
I find the GMM estimates for ¢, Smax, w, p, and o2 that match the unconditional moments computed from

the equilibrium of the model with statistics computed from quarterly data spanning 1990:I to 2007:1V (132

9Solving the model with smaller values for p produce very similar equilibrium dynamics.
10Real interest rates are computed as the fitted values from an AR(2) regression for the ex post real return on Eurodeposits
(i.e., the 3-month nominal Eurodeposit rate minus realized inflation).
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observations). The results are reported in the panel B of Table 1.1!

Three aspects of GMM estimates deserve comment. First, matching the moments in this model requires
less persistence in the log surplus ratios that is assumed in other models. For example, Campbell and
Cochrane (1999) andVerdelhan (2010) use values for ¢ very close to one, well above the GMM value of 0.826.
Second, the GMM value for the upper bound on the surplus ratio Sy,q. is close to S so the unconditional
distribution for s; is skewed further to the left of 5 than in other calibrations. The third feature concerns
the relative importance of endowment shocks and surplus shocks in the stochastic steady state. The GMM
values imply that in the steady state the standard deviation of the log surplus ratios (s; and §;) is 11 times
that of the cyclical endowments (z; and Z;). This means that time series variations in the log surplus ratios
are the dominant driver of equilibrium exchange rates, real rate and consumption growth differentials. As

we shall see, they also turn out to be the main source of hot money capital flows.

3.3 Equilibrium Dynamics
Exchange Rates, Interest Rates and Consumption

Table 2 compares the unconditional moments of the real exchange rate, real interest rates, and consumption
growth produced from the equilibrium of the model with sample moments computed in U.S. and Euro area
data. These data come from Datastream and span the period 1990:1 to 2007:IV. The real exchange rate at
the start of month ¢, & = exp(e;), is computed as Sy P;/P;, where S; is the spot rate (USD/EUR) at the
end of trading (i.e. 12:00 noon E.S.T.) on the last trading day (Monday - Friday) in quarter ¢ — 1. P; and
P, are the last reported levels for the U.S. and E.U. consumer price indices before the start of quarter ¢.
The real interest differential is computed from inflation and the three month nominal rates on Eurodeposits.
Specifically, T estimate the U.S. real rate at the start of quarter ¢ as the fitted value from an AR(2) regression
for the ex post real return on Eurodeposits, i; — (ps+1 — pt), where 4, is the midpoint of the bid and offer
rates on the last trading day of quarter ¢ — 1. The E.U. real rate is similarly computed as the fitted value
from an AR(2) for the ex post real return, iy — (ps+1 — p¢). The consumption growth rates are computed
from real consumption expenditures on nondurables.

Panel A of Table 2 shows that the variance of the real depreciation rate is approximately four times
larger than the variance of the consumption growth differential, which in turn is 30 percent larger than the
variance of the interest differential. The model accounts for these differences via the influence of the risk
shocks. Panel B reports the autocorrelation properties of the real interest differential, depreciation rate and
consumption growth differential. The GMM estimation procedure did not use the latter two autocorrelations,
so a comparison of these moments is informative about the model’s ability to represent this aspect of the
data. As the table shows, this calibration of the model has no trouble replicating the lack of serial correlation
in the real USD/EUR depreciation rate. The model also produces little serial correlation in the consumption

growth differential, but in this case the correlation is somewhat smaller in absolute value than the correlation

1 The endowment process also depends on the variance of common growth shocks, 02. T choose the value for o2 so that

the long run correlation between consumption growth in each country matches the unconditional sample correlation in US and
Euro-area data. Because growth shocks affect both countries equally, the value of this parameter does not affect the analysis of
the model below.
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Table 2: Exchange Rates, Interest Rates and Consumption

Data Model

A: Variances

Agy real depreciation rate f 19.787 19.787
Ac, — Aé;  consumption growth differential f 2.448 2.448
re — Tt real interest rate differential t 1.739 1.739
B: First Order Autocorrelation

e — Ty real interest rate differential T 0.833 0.833
Agy real depreciation -0.116 —0.043
Acy — Aé;  consumption growth differential -0.233 —0.090

Notes: Matched moments are indicated by T.

estimated from the data.

The GMM procedure also insures that the model can match a key co-movement in real depreciations rates
and interest differentials. In U.S. and E.U. data a regression of the future real depreciation rate, Aes11, on
the current real interest differential, r, — 7, produces a slope coefficient of -2.95. This estimate is significantly
different from the value of one implied by UIP. The GMM estimation procedure insures that the calibration
of the model exactly reproduces this failure of UIP. As in Verdelhan (2010), the negative coefficient reflects
the fact that equilibrium interest differentials and foreign exchange risk premium move in different directions,
but here these movement arise in a world of incomplete risk sharing and financial frictions.

The model is less successful in replicating one other feature of the U.S. and E.U. data; the correlation
between the real depreciation rate, Aey, and the consumption growth differential, Ac; — Aé;. The sample
correlation is -0.103, while in the model the unconditional correlation is -0.754. Producing a negative
correlation has long been a challenge for standard models using isoelastic time-separable utility with complete
markets (see, e.g., Backus and Smith, 1993), but here the combination of external habits and incomplete risk-
sharing produces too large a negative correlation. Unfortunately there does not appear to be an alternative
calibration of the model that produces a correlation between the real depreciation rate and consumption

growth differential closer to -0.1. while replicating the moments in Table 2.

Habits

Habits are tightly linked to consumption in the calibrated equilibrium of the model. Recall that the level
of U.S. habit, H;, is related to the surplus ratio, S;, and aggregate consumption, C;, by the identity,
H; = (1—5;)C. In equilibrium intertemporal smoothing by households insures that aggregate consumption
responds immediately and one-for-one with shocks to the endowment trend. The log of equilibrium U.S.

consumption can therefore be represented as ¢; = ¢;+c¢f¥", where ¢; (=%;) is the trend in consumption and

¢ is the remaining cyclical component driven by the temporary endowment shocks and the risk shocks.
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Combing this decomposition with the definition of H; and using the fact that S; is stationary, we can

represent the dynamics of log U.S. habit by
hy = hy + h{Y° where hy = & and h{¥e =1In(1 — exp(st)) + ™"

Permanent shocks to consumption (i.e., shocks to ¢;) are fully reflected in the level of habit via the trend
component h;. Other shocks affect the level of habit via the cyclical component h$¥°. In the Campbell and

Cochrane (1999) specification, ¢ = 0 and the log surplus ratio s; is driven by shocks to ¢;. As I discuss

below, in this model ¢f™" varies in response to temporary endowment shocks and risk shocks because both
shocks produce changes in the terms of trade that affect households’ consumption decisions. As a result,
even though risk shocks directly affect the level of habit via their impact on the log surplus ratio, s;, they
do not produce significant variations in habit that are unrelated to consumption.

This feature can be seen from the time series representation of hy¥®. To derive the representation,
I first generate time series over 100,000 quarters for h{¥° and the innovations in cyclical consumption,

CYL

ey — Ei_1cf™", from the model’s equilibrium. I then use these series to estimate the following ARMA

model:
hyYe = 0.982hYS + 1.061(c;™ — Eioq1ef™") — 0.136(c;Y5 — Er—2cf™}) + €, R? = 0.954.

As the R? statistic indicates, cyclical variation in habits are tightly tied to the history of consumption
innovations in the model’s equilibrium. Of course actual consumption innovations come from four different
shocks in the model which have different implications for the dynamics of habits and other variables. This
means that the estimated ARMA coefficients have no structural interpretation.!? They simply summarize
the fact that positive shocks to cyclical consumption are, on average, associated with higher levels of cyclical

habit that persist far into the future.

Returns on Foreign Assets and Liabilities

Table 3 compares the characteristics of U.S. foreign asset and liability returns with the foreign asset returns
generated by the model. The statistics on U.S. returns are based on an dataset used in Evans (2012b)
that constructs U.S. foreign asset and liability positions at market value and their associated returns at the
quarterly frequency. The data is constructed following procedures described in Gourinchas and Rey (2005)
that combine information on the market value for four categories of U.S. foreign asset and liabilities: equity,
foreign direct investment (FDI), debt and other; with information on the U.S. International Investment
Position reported by the Bureau of Economic Analysis.'? To facilitate comparisons with the model, the table
reports returns on two categories: “equity” that combines U.S. equity and FDI, and “debt” that combines
U.S. debt and other. I also compute statistics for two sample periods: 1973:1-2007:IV and 1990:1-2007:1V.

The former period covers the entire post Bretton-Woods era prior to 2008 financial crisis, while the latter

12The estimated coefficients have extremely small standard errors, on the order of 0.003, so sampling error is not a concern
here. The estimates are also robust to adding further lags of h{¥" and cg"" — E¢_1¢f*"

BFurther details concerning the construction of the U.S. foreign asset and liability data can be found in the Appendix.
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covers the period after the adoption of the Euro used to compute the statistics in Table 2.

Table 3: Foreign Asset and Liability Returns

Mean Std. Sharpe Mean Std.Share Variance Contributions
Ratio Share
Returns (1) (ii) (iii) (iv) (v) (vi) (vii) (viii)

A: 1973:1-2007:IV

All Assets 1.347 13.743 0.115 1.000 0.000 1.022 0.932 0.932
Equity 1.960 26.927 0.108 0.483 0.105
Debt -2.373 14.095 -0.149 0.517 0.105

All Liabilities 0.943 10.648 0.103 1.000 0.000 0.988 1.049 1.064
Equity 1.805 27.806 0.103 0.361 0.073
Debt -2.623 18.831 -0.113 0.639 0.073

B: 1990:I-2007:1V

All Assets 2.285 14.878 0.172 1.000 0.000 0.861 0.882 0.749
Equity 3.187 25.566 0.158 0.568 0.061
Debt -2.600 10.912 -0.221 0.432 0.061

All Liabilities 1.816 10.374 0.188 1.000 0.000 1.134 0.957 0.890

Equity 3.261 24.046 0.168 0.418 0.052

Debt -3.142 14.588 -0.194 0.582 0.052
C: Model

All Assets 3.471 19.764 0.176 1.000

Equity 4.470 19.129 0.420 0.000

Debt 0.000 17.127 0.580 0.000

Notes: The upper panels report statistics computed from U.S. data over the samples periods indicated. The lower panel
reports statistics computed from the stochastic steady state of the mode. Columns (i) and (ii) show the means and standard
deviations for log excess returns for all assets listed in the left hand column. All log returns are multiplied by 400. Column
(iii) reports the Sharpe ratios. Columns (iv) and (v) show the average and standard deviation of the share of each asset
and liability category in total assets and liabilities, respectively. Variance decompositions for the returns on U.S. foreign
assets and liabilities are in the three right-hand columns. The variance contribution of returns using constant asset or
liability shares, the average of asset and liability shares, and the constant average of asset and liability shares are shown

in column (vi)- (viii), respectively.

Columns (i) and (ii) of panels A and B report the sample means and standard deviations for log excess
returns on U.S. foreign assets, liabilities and their equity and debt components computed as r3,,; — 1
and 75,4 — 1, where 7%, for 2 = {A,L} denotes the log real return on asset/liability j. Column (iii)
reports Sharpe ratios, computed as the sample average of gross excess returns, R%, ., — Ry, divided by their
sample standard deviation, while columns (iv) and (v) show the sample means and standard deviations of

the portfolio shares, a%,. Panel C reports analogous statistics computed from simulating the model over
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100,000 quarters. Since the model is symmetric, simulations of the U.S. foreign liability returns produce
identical moments.

An inspection of the table reveals that the sample statistics computed from the U.S. data are generally
comparable with those implied by the model. Log excess foreign asset returns in the model have a somewhat
higher mean and standard deviation than in the two data samples, but the Sharpe ratio implied by the model
closely matches the ratio computed in the second data sample. It is worth emphasizing that the model’s
equilibrium is calibrated to match the moments of exchange rates, interest rates and consumption in Table2
rather than the behavior of these returns, so some differences between the sample statistics in Panels A and
B and the model statistics are to be expected. Moreover, the U.S. data on returns comes from portfolios with
different time-varying shares that are not present in the model. In particular, columns (iv) and (v) show
that on average equity comprises a larger share of U.S. foreign asset holdings than liability holdings, and
that equity shares have been rising through time and becoming more stable. These portfolio composition
effects account for some of the differences between the U.S. data and the model’s implications.

To assess how composition effects affect portfolio returns in the U.S. data, I compute the log returns on

three sets of synthetic portfolios for assets and liabilities. The log portfolio returns are constructed as
ri(af) = ln< ja;tflR?’t) and ri(af) = 1n< ja;‘-ytflR]L-yt) ,

for difference portfolio shares, o,. The first set of portfolios use the average share for each asset and

zZ

liability class (i.e., o

-1 = af for z = {A,L} and all j), giving log portfolio returns of r7(a*) and ry(a*).
Comparing r;(a*) and ry(a”) with the actual U.S. portfolio returns, r; and ry, provides information on
how time-varying changes in the composition of asset and liability portfolios contributes to returns. The
second set of portfolios use the average of the asset and liability share (i.e., @;; = %a;t + %a;t) for each
class of assets. This gives log portfolio returns of r; (@) and r}(a@z). Here any difference between r; (o) and
ry(az) and actual returns reflects the effects of asymmetries between asset and liability holdings. The third
portfolio uses the mean of the average asset and liability share (i.e., the mean value of @;; for each j) to
give log portfolio returns of (@) and r;(@). These portfolio returns correspond to the returns in the model
because the asset and liability portfolios have the same constant shares.

Columns (vi) - (vii) report the contributions of the synthetic portfolio returns to the variance of actual
returns: computed as the slope coefficient from the regression of the synthetic portfolio returns on the actual
log return.'® In panel A, all the estimated contributions are close to one. Time-variation in the portfolio
shares, and differences between composition of U.S. foreign asset and liability portfolios did not materially
affect the behavior of U.S. asset and liability returns over this longer sample period. Portfolio composition
effects appear to have played a larger role since 1990. In particular, the estimated contributions shown in
column (viii) of panel B indicate that time-varying and asymmetric shares contributed between 10 and 25
percent of the sample variability in actual portfolio returns.

Overall, Table 3 shows that the equilibrium of the model produces behavior for foreign asset returns

MFor example, in the case of the first set of synthetic portfolios, we can decompose the variance of actual returns as V(re) =
CV(rf(a®),r?)+CV(ry —r?(a®),r?) for z = {a,L}. The variance contribution of the synthetic portfolio is CV(r#(a?),r?)/V(r%),
which can be estimated by the slope coefficient from a regression of r#(a”) on 7.
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that is broadly consistent with actual U.S. returns. Although the actual composition of U.S. foreign asset
and liability portfolios varies between assets and liabilities and through time, these composition effects make
a relatively minor contribution to the variability of actual portfolio returns (particularly over the 1973:1-
2007:1V sample period). Consequently, the absence of composition effects in the model doesn’t greatly

impair its ability to replicate the behavior of returns in the data.

Portfolios Shares

Table 4 reports the shares of domestic and foreign assets in households’ portfolios in the stochastic steady
state of the model. Column (i) reports the portfolio shares for the benchmark specification where p = 0.420,
the value calibrated from U.S. data. Column (ii) shows the steady state portfolio shares in an equilibrium
where p = 0.491. The steady state shares of foreign equity and bonds in this equilibrium match the
steady state shares in an equilibrium where households freely choose the composition of their foreign asset
portfolios.'® This value for p supports the interpretation of the restrictions on foreign asset holdings discussed

above.

Table 4: Steady State Portfolio Shares

Share Benchmark Optimal
(p = 0.420) (p =0.491)
(i) (i)

Domestic Equity 0.937 0.926
Domestic Bonds -0.087 -0.076
Foreign Equity 0.063 0.074
Foreign Bonds 0.087 0.076

Notes: The table reports the shares of equity and bonds in household wealth
in the stochastic steady state of the model under the benchmark calibration in

column (i) and when p is chosen to maximize household utility in column (ii).

As Table 4 shows, the steady state of the model is characterized by a very high degree of equity home
bias. This feature of the model arises for two reasons. First, households receive all their income in the form
of dividends from domestic equity and their foreign asset holdings. As such, they are not concerned with
hedging non-tradable income risk. Following the logic in Baxter, Jermann, and King (1998), extending the
model to include non-tradable (wage) income in households’ budgets could lower the degree of equity home
bias. Second, the high level of home equity bias arises here because foreign asset portfolios provide a poor

hedge against real exchange rate risk. In the stochastic steady state the expected return on foreign asset

15The parameters in Panel B of Table 1 are re-estimated by GMM in this exercise to insure that the moments implied by the
equilibrium also match the data as in Table 2.
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portfolios contains a risk premium that reflects the fact that future shocks are likely to produce large capital
losses on foreign asset holdings when domestic marginal utility is high. In an equilibrium where households
were free to choose the composition of their foreign asset portfolios, this risk premium would be sufficient
to fully compensate for the poor hedging properties provided by foreign equity so that households would
diversify their portfolio holdings between domestic and foreign equity. In this model households can only
hold foreign equity as part of a foreign asset portfolio with fixed shares. The steady state return on this
portfolio still contains a risk premium, but it under-compensates households for the risk associated with
unexpected movements in foreign equity prices and exchange rates so they choose less exposure to foreign
equity. In sum, therefore, home equity bias arises here because foreign equity has poor hedging properties
in the presence of risk shocks that are under-compensated by the equilibrium risk premium on foreign asset

portfolios when financial frictions are present.

4 The Elements of External Adjustment

I now use the model to study the international transmission of endowment and risk shocks, i.e., the process
of external adjustment. This process involves a numerous elements that interact in a complex manner so it
is useful to identify them individually before studying the quantitive implications of the model’s equilibrium

in Section 5.

4.1 Consumption, Trade Flows and Dividends

The model’s implications for the behavior of consumption and trade flows are quiet standard. The C.E.S
specification for the U.S. and E.U consumption baskets implies that the domestic and foreign demand for U.S.
goods are given by CVS = (P8 /P,)~?C; and CyS = (1 — n)(PFV/P,)~?C;, while the domestic and foreign
demand for E.U. goods are give by C®V = n(PEV/B,)~%Cy and C*V = (1 — n)(PEY/P,)~?C,, respectively.
Combining these demands with definition of the U.S. terms of trade, 7; = PfV/P/S, and goods market

clearing in (12) gives
1-0) " 1-6 A
Y}:n(n—i—(l—n)ﬁ) C’t—l—(l—n)(?ﬂ;* +(1—77)) Ct, and (23a)

Y, =(1-n) (77729‘1 +(1- n)) o Ci+n (n +(1—mn) 729’1) o Cy. (23b)

These equilibrium conditions have two important implications for the international transmission of en-
dowment and risk shocks. First, shocks to the endowment of either good must be accompanied by variations
in the terms of trade and aggregate consumption in both countries if there is home bias in consumption.
When 7 > 1/2 the terms of trade cannot adjust to clear both goods markets at the new endowment levels
with the pre-existing levels of aggregate consumption. Similarly, risk shocks must also induce changes in

the terms of trade and aggregate consumption across countries in the presence of home bias. In this case,
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the terms of trade cannot adjust to clear both goods markets at pre-existing endowment levels when the
risk shock directly affects households’ (aggregate) consumption decision in one country. In sum, therefore,
home bias in consumption insures that the international transmission of both endowment and risk shocks is
facilitated by consumption-switching in the goods markets through changes in the terms of trade.
Consumption-switching also affects international trade flows. By definition U.S. exports and imports are
determined by E.U. households’ demand for U.S. goods, and U.S. demand for E.U. goods, respectively. So,

when measured in terms of the U.S. consumption basket, U.S. exports and imports are given by

Xo=(1-n) (T +(1=n) &6 and  My=(1—-n) (T +(1-n)  Cr  (24)

In the stochastic steady state, T = & = 1 and Cy = C; so these expressions simplify to X; = (1- n)é’t and
M; = (1 — n)C} and trade is balanced between the countries.

Recall that equities are claims to the endowments of U.S. and E.U. goods. In particular, one share of
U.S. equity entitles the holder to receives a dividend of D; = (P/%/P;)Y;, while one share of E.U. equity
receives a dividend of Dy = (PtE” / Pt)f/t Substituting for relative prices with the terms of trade produces

= . =
Di=(n+a-n7?) v wmd D= (r+a-n 7)WL (25)
Clearly, endowment shocks have a direct impact on domestic dividends. They also have an indirect impact
via the terms of trade which also affects foreign dividends. In contrast, risk shocks only affect dividends via
the terms of trade.

Dividends are also linked to domestic consumption and the trade balance. In particular, equations (23)

- (25) imply that
Di=Ci+X,—M,, and D,=Cy+ (M, —X,)/&. (26)

Thus U.S. trade surpluses (X; > M;) push the dividends on U.S. equity above consumption and the dividends
on E.U. equity below consumption. As we shall see, these links between trade flows and dividends affect the

hedging properties of equities in households’ portfolios.

4.2 Asset Prices

Asset prices play three important roles in the international transmission mechanism. First, they determine
household wealth at pre-existing asset holdings. So shocks that produce unexpected changes in asset prices
induce re-valuations of household wealth that affect their consumption and saving decisions. Second, asset
price variations produce international capital flows as households re-balance their portfolio holdings of foreign
assets and liabilities. Changes in asset prices can also affect the risk premia and risk free rates by pushing
households towards their collateral constraints.

The prices of domestic equity are readily determined from the first-order conditions of households’ op-

timizing problems. Let D;/Q; = 1/A}® denote the dividend-price ratio for U.S. equity. The first-order
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condition governing optimal share of domestic equity in U.S. households’ portfolios implies that

EQ EQ Dt+1 . Ct+1 - St+1 -
At = ]Et Mt+1(1 + At+1) D with Mt+1 = B C S . (27)
t t t

Analogously, the first-order condition for E.U. households implies that

~ - A -
Wlth M\t+1 = B <C€+1> <St+1> ) (28)

Dy

AP =By [ Myr (1+A5%)) 5

t Ct g t

where ﬁt/Qt = 1/A§Q is the dividend-price ratio for E.U. equity.'® The prices of U.S. and E.U. equity,

measured in terms of domestic consumption, are therefore
Q;=A™D, and  Q,=AXMD,. (29)

Endowment shocks and risk shocks affect equity prices in several different ways. First, risk shocks directly
affect the intertemporal marginal rates of substitution, My;; and M\t+1, that govern dividend-price ratios
via their impact on the surplus ratios, S; and Sy Intuitively, equity prices must change in response to
risk shocks to compensate for the uncertainty associated with future dividend flows. Risk shocks also affect
equity prices indirectly via their impact on the terms of trade, aggregate consumption and dividends in both
countries as discussed above. Similarly, endowment shocks to either good have a direct effect on equity prices
via dividends, and indirect effects via the terms of trade.

Shocks to the common trend in the endowments have a different effect on equity prices. They have a
one-to-one impact on the level of U.S. and E.U. consumption because households prefer smooth consumption
paths, so goods markets clear without any change in the terms of trade. This has two consequences. First,
current U.S. and E.U. dividends rise one-to-one with the endowment shock. Second, the shock has no effect
on dividend-price ratios because the conditional distributions of future consumption, dividend and surplus
growth remain unchanged. As a result, shocks to the common trend in the endowments have the same
proportional effect on U.S. and E.U. equity prices.

The real exchange rate also acts as an asset price in the model because it determines the domestic value
of the foreign assets portfolios, FA; = (B + Q;AY) and FA, = (Q: AV + BY®)/&,. The equilibrium real
exchange rate is determined by the real interest differentials and the foreign exchange risk premium. Let
8y = Eye441 — & + 7 — 1y define the foreign exchange risk premium.'” Rewriting this definition as a difference

equation in &, solving forward, and applying the Law of Iterated expectations produces

& = exp <—Et Z{THZ- — Toqi + O ) + Et6> ) (30)

=0

16Tn the text I refer to the first-order conditions from the original household optimization problems in (18) and ( 20). These
conditions are essentially the same as those used in approximating the model’s equilibrium based on the modified sub-utility
functions in (22). The Appendix lists the complete set of equations used in the model’s solution.

17Some definitions of the risk premium also include one half the variance of the real depreciation rate to account for the fact
that we are dealing with log rather than gross returns. I use this simpler definition for clarity but fully account for the presence
of log returns when solving the model.
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where & = lim; o &;. Since the steady state real exchange rate equals unity, E;& = 0. All variations in
the real exchange rate therefore reflect changes in current and expected future real interest differentials,
T4+i — Te4q; and/or changes in current and expected future risk premia, §;4;.

The equilibrium interest differential is determined by the first-order conditions governing the optimal

holdings of domestic bonds
1= Et [MH‘l] Rt + Bt and 1= Et [M\t+li| Rt + Bt7 (31)

with B, = C7S7L, and B, = C}S; L, where £; and L, are the Lagrange multipliers on the collateral
constraints in (18c¢) and (20c), respectively. Like equity prices, endowment and risk shocks affect real
interest rates via their impact on the intertemporal marginal rates of substitution. They can also affect
interest rates via the collateral constraints. Shocks that change the value of foreign assets so that the
constraints bind produce positive values for B; and B: and push real rates down relative to E; [M;41] and
E, {./T/I\H_l]. Intuitively, households’ expected utility from additional borrowing exceeds the real interest rate
when the collateral constraint is binding.

The equilibrium foreign exchange risk premium is similarly determined by the first-order conditions

governing households’ choice of foreign asset portfolios:

[ SRR S R0
0= (1 - p)Et Mt+1 < t—;/,l L Rt) + pEt Mt-l,—l (t—‘r;:f - Rt) + %Bt, and (32&)
t t
[~ ER . — ERER A -
0=(1~-p)E: | M1 ( al Rt)] + pE; {Mt-&-l ( -t Rt)] + xB;. (32b)
L gt+1 gt+1

These equations show that both financial frictions play a role in the determination of the equilibrium foreign
exchange risk premium. If households were free to choose their holdings of foreign bonds and equity and
there were no collateral constraints, their optimal portfolio choices would imply that the expectations of
each of the four terms in brackets equal zero. Under these circumstances the equilibrium risk premium is
determined as the solution to E, [MtH(EtHRt/& —R)| = 0 and E; /\//YtH(&Rt/EtH — Rt)} = 0. If,
in addition, markets are complete so that ./\//TtJrl = (&4+1/&) M1, the solution to these equations can be

approximated as

0 = %'Y(CVt(Ct-ﬁ-l + ét+1, 8t+1) + %’YCV,&(SHJ + <§t+17 €t+1)- (33)

The presence of financial frictions push the equilibrium risk premium away from this benchmark in two
ways. First, when households can only hold foreign assets in the form of a portfolio, their portfolio decisions
depend on a weighted average of excess foreign bond and equity returns. For example, (32a) shows that U.S.
houscholds’ decision depend on (1 — @) (&1 R;/E — Ry) + 9(E:11 R /E; — Ry). Under these circumstances,
the foreign exchange risk premium is determined jointly with the risk premium on holding foreign equity.
Second, when collateral constraints are present, households value foreign assets not just for their returns and

hedging properties, but also for their use as collateral. Ceteris paribus, the households’ demand for foreign
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assets rise when the collateral constraint binds so the equilibrium expected excess return to foreign asset
portfolio must fall to compensate. I examine the quantitative significance of these frictions on the behavior

of the equilibrium risk premia in Section 5.

4.3 Saving, Portfolio Holdings and Capital Flows

Households’ savings and portfolio decisions play a central role in the international transmission mechanism.
U.S. and E.U. households enter period t with real wealth W; and W, that comprises pre-existing holdings
of domestic equity, bond and foreign assets (chosen in period ¢t — 1) valued at current asset prices, and the
period t dividend payments from their equity holdings.'® Households then choose how much of this wealth
to save, and how to allocate their savings across domestic bonds, equity and foreign assets. Together these
decisions determine households desired changes in asset holdings that drive international capital flows.

Endowment and risk shocks affect households’ consumption and savings decisions via the consumption-
saving ratios: Cy/(Wy — Cy) = 1/A¢ and C,/(W, — C;) = 1/AY. Combining the households’ first-order
conditions with these definitions and the budget constraints in (18b) and (20b) produces

C(t-‘,—l

i Conr
Cy

and Ay =E, | M1 (14 A7) ol (34)

t

Ay =E¢ (M (1+AYy)

The level of saving and consumption in each country relative to beginning-of-period wealth are therefore

A 1
U.S. Wt - Ct = th, Ct = th, and (35&)
. R AY . 1 .
US Wt — Ct = = Wt, Ct = = Wt. (3513)
1+ Ay 1+ A

Equations (34) and (35) display two noteworthy features. First, ceteris paribus, A and A¢ rise when
households anticipate higher growth in their future consumption. As a result, household save a larger fraction
of their wealth, consistent with standard intertemporal consumption smoothing. Second, the Lagrange
multipliers on the collateral constraints are absent from (34). Financial frictions only affect households
consumption /saving decisions indirectly via their impact on the equilibrium intertemporal marginal rate of
substitution and prospective future consumption growth.

Savings decisions, portfolio choices and asset price variations all contribute to capital flows. Consider the
flows associated with foreign equity. By definition the value of E.U. equity and bonds in U.S. households’
portfolio are given by EtQtAifU = pai* (Wi — Ct) and & B} = (1 — p)F Ay, so the flows of equity and bonds

18The real value of dividend payments also depends upon the period ¢ real exchange rate/terms of trade; see (25) above.
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during period t are

. &0
EQAATY = (W —Cy) — ot 1 p(Wiey — Ct—1)t%€2t
E-1Qi—1
£C
= AdPp(W, — Cy) 4 pa™ | |[A(W, — Cy) — _&Q (Wie1 = Cia) |, (36)
E1Q—1
and
EU FA FA gt
EABY = o (1=p)(W; = Cp) — g2 (1 — p)(Wi—1 — thl)gil
t—
&
= AO{?A(:[ — p)(Wt — Ct) + (1 — p)a?fil |:A(Wt — Ct) — (é‘ttl — 1) (Wtfl — Ctl):| . (37)

The first term in the second line of each equation identifies the flow resulting from U.S. households’ desire to
alter the share of foreign assets in their savings. Variations in these flow components are perfectly correlated
across equity and bond flows because households cannot adjust the composition of their foreign asset holdings.
The second term in each equation identifies the effects of changing savings behavior via A(W; — C}) and the
effects of capital gains or losses on pre-existing positions. Notice that these portfolio rebalancing effects can
have differing affects on equity and bond flows. Real capital gains and losses on pre-existing equity positions
depend on the variations in foreign equity prices and the real exchange rate, while the gains and loses on
bonds depend only on changes in the real exchange rate.

Equations (36) and (37) identify U.S. gross capital outflows. By convention, negative outflows represent
the purchase of foreign assets by U.S. households which correspond to positive values for EtQtAAfU and
EABPY. Purchases of U.S. equity and bonds by E.U. households, (Q;/&)AAYS and (1/£)ABY® represent
positive U.S capital inflows, and are identified from E.U. households’ choice for &*, and savings, W, —C,

in an analogous manner to (36) and (37).

5 Quantitative Analysis

I now use the calibrated equilibrium of the model to study the effects of endowment and risk shocks. The
goal of this analysis is to quantify the role played by capital flows in the international transmission of these
shocks. For this purpose, I first focus on how consumption and the terms of trade adjust to maintain goods
market clearing. These internal adjustments are important drivers equity prices and interest rates. I then
study how these factors contribute to the process of external adjustment via their effects on trade flows,

foreign asset returns, and hot money capital flows.

5.1 Internal Adjustment

To identify the effects of financial frictions, I compare the equilibrium dynamics of the model with the

dynamics computed from a complete markets equilibrium where intertemporal marginal rates of substitution
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satisfy M\t+1 = (E41/E) Myy1.1? Figure 1 shows the impulse responses of consumption and the terms of
trade following a positive shock to the U.S. endowment process, and a negative shock to the U.S. log surplus
ratio. These responses identify the effect of a one standard deviation shock when the economy is initially in
the stochastic steady state. The solid plots show the responses of variables in the benchmark equilibrium;
responses in the complete markets equilibrium are shown by the dashed plots.

Overall, Figure 1 shows that the presence of financial frictions have little quantitative impact on the
reaction of consumption and the terms of trade to either endowment or risk shocks. In the upper panel,
the consumption and terms of trade responses are essentially identical. In the lower panel the responses
are larger (in absolute value) under complete markets, but the differences are not economically significant.
These results have an important risk-sharing implication. Recall from (7) that the real exchange rate only
varies with the terms of trade (because all goods are traded), so the similarity of the terms of trade responses
carries over to the real exchange rate. Thus the plots in Figure 1 imply that variations in /\//TtH are very
similar to those in (&x41/&) Myy1 following typical endowment and risk shocks. Even though households
face restrictions on international borrowing and foreign asset holding, in the benchmark equilibrium the
frictions do not appear to greatly impede international risk-sharing in the face of these shocks.

The economic intuition behind the plots in Figure 1 is straightforward with this risk-sharing perspective.
For example, a positive shock to the U.S. endowment (see Panel A) requires a deterioration in the U.S. terms
of trade (i.e., arise in PV /P, see Panel C) to maintain goods market clearing at pre-existing consumption
levels. This, in turn, implies a real depreciation of the dollar. So, from risk-sharing perspective, there needs
to be a rise in relative consumption, C;/ C,. Panel B of Figure 1 shows that this comes about via a larger
rise in U.S. consumption than the fall in E.U. consumption because home bias in consumption (n > 1/2)
produces the higher demand for U.S. goods necessary to clear markets. In the case of the risk shock, the
fall in the U.S. surplus ratio (see Panel D) makes U.S. households more risk averse; increasing the local
curvature of their utility by approximately 6.5 percent. Thus, from risk-sharing perspective, the risk shock
must produce immediate appreciation in the real exchange rate to equalize marginal utility across countries.
This appreciation also induces an improvement in the U.S. terms of trade in the presence of home bias (see
Panel F), so there must be a rise in U.S. consumption and fall in E.U. consumption to clear goods markets
(see Panel E).

The upper panels of Figure 2 show the effects of the endowment shock on log equity prices, ¢ and
Gs; log dividends d; and cit; and log risk free rates, r; and 7#;. As above, the responses in the benchmark
equilibrium are almost identical to those in the complete markets equilibrium. Specifically, the U.S. endow-
ment shock produces an upward jump in U.S. dividends and equity prices and a fall in the risk free rate.
Understanding these effects is straightforward. Since the endowment shock raises U.S. consumption above
its steady state level, it induces a fall in expected future consumption growth that lowers the U.S. risk free
rate via intertemporal smoothing. The endowment shock also raises the U.S. dividend (which is partially
offset by the deterioration in the U.S. terms of trade) and lowers expectation of future dividend growth until

the economy returns to the steady state. Together, these expectations concerning future consumption and

91n the approximate solution of the model the absence of collateral constraints is sufficient to establish full international
risk-sharing. As I show below, restrictions on foreign asset holdings affect equilibrium asset prices and capital flows under these
circumstances, but not the behavior of consumption and the real exchange rate.
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dividend growth drive down the dividend-price ratio with the result that U.S. equity prices rise more than
dividends. The endowment shock also affects the E.U. risk free rate and equity prices via its affect on the
terms of trade. In this case the deterioration in the U.S. terms of trade push the risk free rate upward by
raising expected future consumption growth. It also increases the real value of E.U. dividends and lowers
expected future dividend growth. The net effect is to lower the dividend-price ratio so there is a small fall
in E.U. equity prices.

The asset-pricing effects of the U.S. risk shock are shown in the lower panels of Figure 2. In this case all
the variations in dividends reflect the effect of the improvement in the U.S. terms of trade that produce a
temporary rise (fall) in the real value of U.S. (E.U.) dividends. These valuation effects have very different
impacts on equity prices. In the U.S. the risk shock’s effect on the surplus ratio lowers the intertemporal
marginal rate of substitution producing a larger rise in the dividend-price ratio 1/A{ than dividends so U.S.
equity prices fall significantly. In contrast the fall in E.U. dividends produces a small drop in equity prices
because the risk shock induces a small rise in the dividend-price ratio, 1/ A? As in Figure 1, the equity price
responses to risk shocks are very similar in benchmark and complete markets equilibria.

Financial frictions play a clearer role in the response of U.S. and E.U. interest rates to the risk shock.
When collateral constraints are absent, the households’ first-order conditions imply that real interest rates

are well-approximated by

r = - lnﬂ + ’Y]EtACt—i-l + ’)/]EtASt+ — %’szt (Ct.t,_l + 5t+1), and (38&)

fr o= —InB+yEAe 1 +VE A8 — 397V (Cepr + 8141). (38b)
The U.S. risk shock raises both YE;As;y1 and 7?V,(ci41 + s¢1+1) because U.S. households anticipate a
future rise in the log surplus ratio and greater volatility in marginal utility. These direct effects act on
the equilibrium real interest rate in opposite directions. The rise in yE;As;11 puts upward pressure on
the real interest rate because households want to borrow more, while in the increase in v2V;(ciy1 + 8¢11)
induces greater precautionary saving. In the complete markets equilibrium the precautionary savings channel
dominates so the U.S. risk free rate drops further than the fall in yE;Ac;y1. The risk shock also produces
an rise the E.U. real rate because the improvement in the terms of trade induce a rise in YE;Aé;11. The
behavior of the risk free rates following the risk shock are shown by the dashed plots in Panel F of Figure 2.

Risk shocks also affect interest rates via their effects on the value of foreign asset holdings when collateral
constraints are present. In particular, the real appreciation of the dollar produces a capital loss on U.S.
foreign assets reducing their collateral value which in turn pushes down the equilibrium risk free rate in the
U.S.20 Panel F in Figure 2 shows that the fall in the U.S. real rate is almost four times larger than the
response under complete markets. The collateral constrain also lowers the E.U. rate. In this case the large
fall in U.S. equity prices outweighs the effects of the dollar’s appreciation producing a capital loss on E.U.
households’ foreign asset holdings. As Panel F shows, this collateral effect dampens the rise in the E.U. rate

relative to the complete markets response.

20The fall in E.U. equity prices also contributes a small amount to the capital loss.
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5.2 External Adjustment: Net Foreign Assets

I now examine how equilibrium consumption is linked to the behavior of equity prices and interest rates
via the trade and capital flows that comprise the external adjustment process. First I derive a simple
approximation that links the U.S. foreign asset position to exports, imports and the returns on foreign assets
and liabilities. I then use this approximation to study how endowment and risk shocks affect the U.S. net

foreign asset position, and compare these implications of the model with estimates from U.S. data.

Net Foreign Assets, Trade and Returns

In the steady state of the model households hold long positions in domestic equity, and foreign assets, and
a short position in domestic bonds. Thus U.S. foreign assets comprise a portfolio of E.U. equity and bonds
with a real value of FA; = &(B}Y + QtA‘EU), while U.S. foreign liabilities comprise U.S. equity and bonds
held by E.U. households with a real value of FL, = B + Q, A (= ﬂt&). Combining these definitions
with the bond and equity market clearing conditions in (10) and (11); the aggregated budget constraint for
U.S. households in (8); and the equation for dividends in (26) gives

FA,—FL =X, — M, — R"“FL,_, + R"FA,_,, (39)

where R" = R (&,41/&;) is the gross real return on U.S. foreign liabilities.

Equation (39) is the consolidated U.S. budget constraint that links changes in foreign assets and liabilities
to exports, imports and returns. These links place restriction on the process of external adjustment. To
see how, let NFA; = FA; — FL; and R}™ = (R[*FA;_1 — R*FL;_1)/NFA;_; denote the value of and
return on the U.S. net foreign asset position. Using these definitions we can rewrite (39) as NFA; =
X — My + Ri™ NFA;_,. Iterating this expression forward, and taking conditional expectations produces

%) ‘ 1 1
NFA, = -E, [Z (H;’:l ?—?}) (Xoqi — Myyq) | + klggo E, (H?:l ?JFS) NFA .
i—1

In the steady sate of the model net foreign assets are zero which eliminates the last terms on the right hand

side leaving

e ) -1
NFA, = -E, Z (H;:l ?i?) (Xiyi — Mt+i)] . (40)
=1

Thus, at any point in time, the value of the U.S. net foreign asset position must reflect households expectations
concerning the future path of net exports, X; — M;, and the returns on net foreign assets, R}™.

Equation (40) identifies the international solvency constraint that must hold in any model where interna-
tional Ponzi-schemes are ruled out. In a world where the only internationally trade asset is a single riskless
real bond with a constant return Rp, (39) simplifies to NFA, = —E;>"5° | Ry“(Xy4i — My+i), so changes in
the net foreign asset position only reflect revisions in the expected future path of net exports. Under these
circumstances all external adjustments to shocks take place through the “trade channel” that is via changes

in future net exports. Moreover, since the net foreign asset position simply reflects a country’s long or short
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position in bonds, capital gains and losses on pre-existing net asset positions cannot play any role in the
adjustment process.

In this model equation (40) places a more complex set of restrictions on the adjustment process because
two bonds and two equities are traded internationally. As a consequence, shocks can induce revisions in
expected future returns on both foreign assets and liabilities, as well as net exports, and unexpected changes
in exchange rates and equity prices can produce capital gains or losses on pre-existing net foreign asset
positions. While (40) continues to hold in this more complex environment, examining how these factors
interact is considerably facilitated by considering an approximation.

To derive the approximation, I first rewrite (39) as

FA, M, FL, X, R FLy_,
E e (Rt SN N SN P (P S S ) S
" (RﬁAFAtl [ R;AFAHD " (Rt”FLtl rrL, ) T\ RE FA,L (41)

In the stochastic steady state, exports and imports are constant shares of consumption, X; = (1 — n)ét and

M; = (1 — n)Cy; the returns on foreign assets and liabilities are equal and constant, R}* = R}" = R}; and
both foreign assets and liabilities are constant fractions of households savings, FA;_1 = o (Wi—1 — Ci_1)
and FL;_, = aF(Wt,l - CA’t,l), where o is the steady state value for the portfolio shares, of* and &;*;
The steady state is also characterized by a constant common consumption growth rate g and savings-to-

consumption ratios, Ay = Af = A€. Under these circumstances, the terms in square brackets in (41) are

(-—m) exp(g) -

constants equal to k = 1 — s

(0,1). Taking a first-order Taylor series approximation to the left-

and right-hand sides of (41) around the steady state, and simplifying the resulting expression produces
nfa; = —(1 — k)Emnaepy — E(riy — k) + sEnfa,

where nfa; = In(FA;/FL:) and nz; = In(X;/M;) are the log ratios of foreign assets to liabilities and exports
to imports. Finally, I iterate forward and take conditional exceptions (noting that limy s E¢s¥nfas s, = 0)

to obtain

nfa; = nfai® +nfa;*" where (42)

oo oo
nfa;" = —(1 — k)E, Zniilnxtﬂ- and nfa* = —EZ KT =ik,
i=1 i=1

The approximation in (42) embodies the central features of the international solvency constraint in (40).
For example, (42) implies that a shock producing an upward revision in the expected future path for U.S.
net exports (i.e., a rise in E;nxy4;) must also produce either an fall in expected future returns on foreign
assets [y}, a rise in expected future liability returns E;r;;, and/or a fall in value of foreign assets (i.e., a
fall in nfa;). In the special case were a single riskless bond is the only internationally traded asset, returns
on foreign assets and liabilities are equal so (42) simplifies to nfa; = nfaf® = —(1 — )E; > o0 | £ 'nayyy.

I refer to nfa;® as the trade component of the net foreign asset ratio. The effects of revisions in expected
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future returns are identified by the valuation component, n fa)*".?!

There are two main advantages to using (42) rather than (40) to study external adjustment. First, (42)
links trade flows and returns to the net foreign asset position via a linear present value relation rather than
through the complex nonlinear relation in (40). This facilitates the examination of how net foreign assets
behave in the model and in actual U.S. data. Second, expressions for the log returns on U.S. foreign assets
and liabilities are readily determined from the model’s equilibrium conditions. Variations in these returns

are empirically important, so it proves useful to examine their theoretical drivers in the model.

Drivers of the U.S. Net Foreign Asset Position

We can use the approximate solvency constraint in (42) and a VAR to study the U.S. external adjustment

process. The VAR is used to construct the forecasts for net exports, nxy, and the return differentials,

NFA

ri™ = —ri" | that appear in the definitions of the trade and valuation components, nfa;"™ and nfa;y*". 1

then compare the actual movements in nfa; against these estimates of nfa;"™ and nfay*
VAR.

I estimate the trade and valuation components with several VAR specifications. In the base specification

L derived from the

I estimate a VAR for three variables: the return differential r}™, the growth differential between exports and

imports Anx; = Axy— Amy, and the sum the log net asset position and exports, nza; = nfa; +nx;. I include
the latter two variables because the U.S. time series for nx; and n fa; are quiet persistent in the sample period
(1973:1, 2007:1V). The approximation in (42) implies that nza, = —E; > ;2 k"1 (Anaq; + rif3), so shocks
producing persistent variations in nx; should have little impact on nxa; because they have small effects on
the near-term forecasts for Anx;. In addition, I estimate VARs that include Az; and Am; instead of Anxy,
as well as r* and r{" instead of ™. In all these specifications the returns on foreign assets and liabilities
are constructed from the actual U.S. portfolios with time-varying shares. To facilitate comparisons between
the U.S. data and the model, I also estimate VARs where the returns on assets and liabilities are constructed
from portfolios with constant shares equal to the sample average, r{* (@) and r"(@).

Let Y, = AV, 1 + V; represent the estimates of a VAR written in first-order form, where the vector Vs
appropriately stacks the current and lagged values of all the VAR’s variables, and A is the companion matrix

of estimated VAR coefficients. I compute estimates of the trade and valuation components as

r%tm = —"A(I — kA)Y, — nay and 7%2"“ = "M AT — KA,

where +™ and 2¥*"

are vectors such the Anz; =1™); and ri™ =1"*");.
By definition, nfa; = 7%?‘ + n/\f:z){“ + &, where & is a composite error comprising the approximation
error in (42) and the estimation error associated with forecasting the future path for Anx; and r}™ from

the VAR. We may therefore decompose the unconditional variance of the log net foreign asset ratio as

V(nfa:) = CV(T%IR,nfat) + (CV(?%:AL,nfat) + CV(&,nfay),

21Gourinchas and Rey (2007b) derive a similar approximation to the dynamics in (39) around a deterministic trend path
where solvency is satisfied. Their approximation links the cyclical components of exports, imports and the foreign asset and
liability positions rather than the trade flows and positions themselves.
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where V(.) and CV(.,.) denote the variance and covariance operators, respectively. The first term on the
right-hand-side identifies the variance contribution of the estimated trade component, the second identifies
the contribution of the valuation component. I estimate these contributions as the slope coefficient from the

OLS regression of the estimated component on nfa;:

—~— VAL

nfa, =p"nfa,+¢ and  nfa, = A" nfa+ G (43)

By least squares, ™ = CV(%:R, nfa)/V(nfas) and g¥*" = (CV(T%:AL, nfa)/V(nfa:) so the regression
coefficients provide estimates of the variance contributions. I also compute confidence bands for these
estimates using White (1980) heteroskedastic consistent standard errors.

Panel I of Table 5 reports estimates of n fa; variance decomposition for the U.S. between 1973:1, 2007:1V
computed from different VAR specifications. In all cases I report results based on second-order VARs, but
I obtain similar results using first- and third-order ones as well. The left-hand columns list the variables
included in the VAR. The center columns report the estimates of 5™, g¥** and ™ 4 5" together with their
95 percent confidence bands. The right-hand column of the table reports the value for x used to compute
the nfa; components. The values for x of 0.988 and 0.980 maximize 8™ + BYA" for the VAR specifications
in rows A and B, respectively.

The results in Panel I show a consistent pattern in the estimated variance contributions of the trade and
valuation components across the different VAR specifications. In all cases the variations in the estimates of
the expected future return differentials contribute more to the sample variance of the log net foreign asset
ratio than the estimated revisions future trade flows.?? There are, however, some noteworthy differences
across the estimates based on different VAR specifications. Comparing rows A and B we see that the
variance contribution of the trade (valuation) component is larger (smaller) when based on separate VAR
forecasts for export and import growth and returns than when based on VAR forecast for net export growth
and return differentials. Although both VAR specifications generate estimates of the trade and valuation
components that account for almost all the sample variation in the nfa; (the estimates of g™ + SYA" are
close to one), it is hard to precisely pin down how real-time forecasts of future trade flows and returns
differentials were changing over this sample period. The estimates in rows C and D provide information on
the importance of changes in the composition of U.S. asset and liabilities portfolios. Here I report results
derived from VARs that replace the returns on actual portfolios with the returns on asset and liability
portfolios where the share of equity are fixed at the sample average of 0.42. This restriction reduces the
estimated variance contributions of the valuation components. It also reduces the explanatory power of the
VAR for nfa;, as measured by the estimates of ™ + S¥**, compared to their counterparts in rows A and
B. This finding is consistent with the idea that real-time forecasts for future return differentials factor in the
effects of changing portfolio compositions.

Panel II of Table 5 reports values for ™ and gY*" implied by different equilibria of the model. These

values are computed from unconditional variances and covariances for nfa;, nfa;™ and nfay*" using k =

22Gourinchas and Rey (2007b) estimate a smaller variance contribution from the valuation component in their decomposition
of the cyclical component of nfa¢. If I replace nxas with a cyclical component, nxaf estimated with the HP filter in my analysis,
I also find a much small variance contribution from revisions in forecasts of future return differentials.
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0.993, which is the value for x implied by the model’s steady state. Rows A and B show that variations in
the valuation components account for high fractions of the variance in n fa; in the benchmark and complete
markets equilibria. Indeed, the contribution of the valuation component in the benchmark equilibrium in line
B appears at the upper end of the range of estimates based on the U.S. data. Of course these calculations
are based on an equilibrium of a model that was calibrated to match the sample moments of real exchange
rates, interest rates and consumption growth differentials. It is not too surprising that the values for 5™
and SY** implied by the external adjustment mechanism in the model do not exactly match the estimates
from U.S. data. Moreover, the values for §™ and " implied by model appear to be quite sensitive to the
value for g, the share of equity in households’ foreign asset portfolios. In equilibria (with frictions) where
g > 0.42, the values for g™ and gY*" fall well within the range of estimates in Panel 1. For example, row C
shows that when g is set to 0.75, and all the other parameters are at their benchmark values, the model’s
equilibrium implies that 5™ = 0.466 and S"*" = 0.534.

Overall, the results in Table 5 show that variations in expected future return differentials between foreign
assets and liabilities made a major historic contribution to the variability of the U.S. net foreign asset
ratio. They also show that variations in expected future returns differentials make a similarly important
contribution to the dynamics of the net foreign asset ratio in the model. As I noted in Section 2, this
feature of the model is new to the literature. To understand its theoretical foundation, I next consider how
endowment and risk shocks affect the value of net foreign assets via their impact on forecasts for future
foreign asset returns and trade flows.

Figure 3 shows the impulse responses of the log net export ratio, nx;, the expected return differential
on net foreign assets, E;r{'{j, the log net foreign asset ratio, nfas, and its valuation component, nfay*". As
above, the solid and dashed plots show the responses in the benchmark and complete markets equilibria,
respectively. Panels A-C plot the responses to the U.S. endowment shock. Recall that this shock produces
a rise in U.S. consumption and a deterioration in the U.S. term of trade (to clear goods markets). These
effects produce a rise in U.S. demand for E.U. goods and a fall in the E.U. demand for U.S. goods so nx;
initially falls before gradually rising back to its steady state level. As Panel A shows, the paths for nx; in the
benchmark and complete markets equilibria are very similar. Panel B plots the responses of the expected
return differential on U.S. foreign assets Eyrpfy = Ei(rf}; — Ageyr — 774 1). Under complete markets the
shock has no effect on E;r}"j, but when frictions are present it temporarily raises E;r{{j by a very small
amount. This difference arises because the depreciation of the dollar produces an unanticipated capital
gain and loss for U.S. and E.U. households, respectively. In principle, such gains a losses interact with the
collateral constraints to move equilibrium expected excess returns on domestic equity and foreign assets (see
below), but in this case the effects are economically insignificant. This means that most of the variation in
the value of U.S. net foreign asset position occurs via the trade channel. Panel C shows that the presence
of financial frictions dampens the rise in nfa; (relative to the response under complete markets) because
revisions in the expected path for 7} generate a fall in the value component.

Two aspects of these results are worth noting. First the response patterns in panels A-C are entirely
consistent with the standard process of international adjustment that underlies the intertemporal approach to

the current account. In this case the transitory endowment shock produces capital gains on U.S. households’
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holdings of domestic equity and foreign assets that they use to raise consumption, producing temporary
current account deficits that are financed by higher dividends on their equity holdings. As in a standard
model where only a single bond is traded, the adjustment of the net foreign asset position following the
shock comes primarily via the trade channel, but at the time the shock hits there are capital gains an losses
on existing asset holdings. Unexpected valuation effects play a role in international adjustment mechanism
following (temporary) endowment shocks even though revisions in expect future trade flows account for most
of the variations in the net foreign asset position.

The second feature concerns the implications of the plots for the n fa; variance contributions in Table 5.
Since little (or none) of the variation in nfa; following a temporary endowment shock comes from changes

innfa®

. the impulse responses indicate that such shocks cannot be an important drivers of n fa; variations
in U.S. data. If they were, the estimates of ™ would be close to one. At the same time, Table 5 shows
that the models’ equilibrium implies a small value for ™ and large value S**" | so the external adjustment
process following risk shocks must be quite different.

Panels D-F in Figure 3 show the impulse responses produced by the U.S. risk shock (that lowers the
U.S. surplus ratio). This shock induces a real appreciation of the dollar, a rise in U.S. consumption and
a fall in E.U. consumption to clear goods markets. These responses produce a fall in the ratio of E.U. to
U.S. consumption expenditure &C, /C%, and a rise in the share of spending on U.S. goods in each country’s
consumption basket. These factors affect net exports in opposite directions, but in the benchmark equilibrium
the latter factor dominates producing the rise in net exports shown in Panel D. Notice, also, that the effects
of the risk shock on trade are much smaller than those of the endowment shock shown in Panel A.

The risk shock has a much bigger effect on the expected return differential on U.S. foreign assets, Es7}74 .

As Panel E shows, in the benchmark equilibrium the rise in E;7}} induced by the risk shock is almost
20 times the rise produced by the endowment shock, while in the complete markets equilibrium the rise in
E;rpi is almost 40 times larger. The effects of the U.S. net foreign asset ratio are shown in Panel . Here
we see that changes in the valuation component, nfay*" account for the lion’s share of the n fa; responses in
both equilibria. In contrast to the adjustment following endowment shocks, risk shocks produce variations
in the net foreign asset ratio primarily via the valuation channel; i.e. via changes in the expected future
return differentials on U.S. foreign assets, E;r}%.

The plots in Panels D-F reconcile the results in Table 5 and our analysis on the adjustment process
following temporary endowment shocks. The small value for ™ and large value g implied by the
model’s equilibrium arise because: (i) risk shocks affect the net foreign asset ratio via the valuation channel,
and (ii) they are the dominant source of cyclical dynamics in the model. To understand exactly why risk

shocks play such an important role in the external adjustment process, we next need to examine their effects

on equilibrium risk premia and capital flows.
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5.3 Risk Premia, Asset Holdings and Capital Flows

In this last section I address two outstanding questions: First, why are forecasts of the net asset return
differential, E;r}}, much more susceptible to risk shocks than endowment shocks? Second, what role do

international capital flows play in the international adjustment process?

Risk Premia

To address these questions, I focus on the equity risk premia and the risk the premia on holding foreign
assets. Combining the first-order conditions for domestic equity, bonds and foreign assets in (27), (28), (31)

and (32), we can derive the following approximations:

P ZEfrify — e + 3 Ve(rifh) = CVe(rfy, copn + s41) — In(1 = By), (44a)
FPES SE[FEQ — 7] + LV (752)) = YOV, (752, érp1 + 8141) — In(1 — By), (44b)
rp ZEr — ] 4 LV (rP ) = 4CV (1, cogr + Se41) + In (1 — 5By /(1 - Bt)> and  (44c)

Y SE — F + 3Vi() = 1OV o+ Se) +In (1= 5B/ (1 - By)) (44d)

The left-hand-side of these equations includes the variance term, a Jensen inequality term, to account for
the fact that we are working with log returns. The right-hand-side shows two determinants of the risk
premia. The first equals minus one times the conditional covariance between the risky return and the log
intertemporal marginal rate of substitution (e.g., —CV,(r};,In M;_1) in equation 44a). These covariances
embody the conventional hedging properties of the risky assets reflected in the equilibrium risk premia.
The second term on the right-hand-side identifies the direct effects of the collateral constraints. When the
constraint binds the domestic risk free rate falls relative to the expected marginal rate of substitution which
pushes up the domestic equity premium. A binding collateral constraint also makes holding foreign assets
more attractive. In the benchmark equilibrium this lowers the equilibrium expected return on foreign assets
by more than the risk free rate so the risk premia on foreign assets falls.

The effects of endowment and risk shocks on risk premia in the complete markets equilibrium are straight-
forward. In this equilibrium the risk premia only depend on the covariance terms because B; = Et =0 for
all t. As a consequence, only risk shocks have measurable effects on the risk premia. For example, recall
from Figure 2 that the U.S. risk shock produces a large unexpected fall in domestic equity prices. Since the
associated capital loss occurred when U.S. households had unexpectedly high marginal utility, they perceive
domestic equity as a poor hedge against future risk shocks. Households also recognize that these shocks
are more likely to occur in the future because the conditional variance V;(s;11) is decreasing in s, so the
equilibrium equity premium must rise to compensate. Similarly, the risk shock raises the risk premium on

foreign assets because the real appreciation of the dollar produces a capital loss on U.S. households’ foreign
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asset portfolios.

When financial frictions are present both the endowment and risk shocks can affect the equilibrium
risk premia via the collateral constraints. In principle, an endowment or risk shock could produce a large
enough capital loss on foreign asset holdings that households are immediately pushed to the point where
the constrain binds. Under these circumstances, the equilibrium risk premia are directly affected by the
non-zero values for B; or B; shown on the right-hand side of (44). However, in the benchmark equilibrium
households typically react to the capital losses produced by endowment and risk shocks by adjusting their
portfolios so that the constraints do not bind (i.e., B; or gt remain at zero).?> These adjustments affect
the risk premia because they change the joint conditional distribution of future consumption and returns.
Intuitively, when markets are incomplete the effects of future shocks on asset prices and consumption depend
on how households reallocate portfolios now, so reallocations to avoid binding collateral constraints affect
the equilibrium risk premia via their effects on the covariance terms in (44).

Let us now consider the link between the risk premia in (44) and the expected return differential on the
U.S. net foreign asset position, E;7}7j. By definition, ri'{j = 7%, — Aei1 — 77}, where v}, and 7}, are
the log returns on the U.S. and E.U. foreign asset portfolios, respectively. Following Campbell and Viceira

(2002), these portfolio returns are well-approximated by

Ty =7+ Aggy + %p(l — o)V, (ff_fl) + (3 — 7t) and

Pty =re— Aeppr + 50(1 — )V (113 + p(rigy — o).

Combining these expressions with the definition of v} and taking expectations produces

Bt = 4 (o = 0"} + 4 {0 - i)

+ 2 {ViFh) = Vit } = 507 {V2 (FER) = Ve (ri) }- (45)

Here we see that the expected return differential depends on the difference between two sets of risk premia:
the difference between the risk premia on U.S. and E.U. foreign asset portfolios, rpi* —7p;,"; and the difference
between the domestic equity premia in the E.U. and U.S., 7p;® —rp;®. The third term on the right-hand-side
identifies the Jensen inequality effects.

The effects of endowment and risk shocks on forecasts of the future return differential, v}, are easily
understood with the aid of (44) and (45). Consider, first, the effects of the U.S. endowment shock. When
markets are complete these shocks have no effect on the expected return differential because the hedging
properties of domestic equities and foreign assets (identified by the covariance terms in 44) remain unchanged.
Under these circumstances, there is no compensating equilibrium change in either the equity of foreign asset
risk premia so the expected future return differential remains constant. When financial frictions are present,

the endowment shock produces a very small rise in E;r}}} via its effects on the E.U. collateral constraint.

23In an exact solution to the model a large enough shock could push households to the point where the constraints actually
bind. As I noted in Section 3, this is not possible in the approximate solution I study where household’s sub-utility functions
take the form of (22): shocks can push households arbitrary close to the point where the constraint binds, but never to the
point with it actually does.
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Recall from Figures 1 and 2 that the shock produces a real depreciation of the dollar and a rise in U.S.
equity prices. These asset-pricing effects work in opposite directions on the value of E.U. foreign assets:
ﬂt = (BES + Qtflfs) /&:. On balance ﬁt falls driving E.U. households closer to their collateral constraint,
which in turn raises the E.U. equity premia, 7p;°, and lowers the E.U. foreign asset premium, 7p;". As
(45) shows, these risk-premia affects raise E;7}}}, but in the benchmark equilibrium the effect is very small
(see Panel C of Figure 3). Consequently, the process of external adjustment following an endowment shock
overwhelming takes place via the trade channel.

In contrast, external adjustment following a risk shock primarily takes place through the valuation channel
because the shock raises expected future return differentials E;r{'{;. Under complete markets, risk shocks
affect Iy} by changing the hedging properties of domestic and foreign assets in both countries. Recall
that the U.S. risk shock makes U.S. equity and foreign assets a worse hedge against future risk shocks so
the equilibrium risk premia on U.S. equity and foreign assets must rise to compensate. The U.S. risk shock
also lowers the E.U. foreign asset risk premium because it produces a fall in E.U. consumption and a real
appreciation of the dollar. The former effect increases E.U. marginal utility, while the latter produces a
capital gain on the portion of E.U. foreign assets held in bonds. (The fall in U.S. equity prices offsets the
gain on E.U. foreign equity holdings.) The increased likelihood of future U.S. risk shocks therefore produces
a fall in the E.U. foreign asset risk premium. Thus, the U.S. risk shock changes the hedging properties of
domestic equity and foreigns assets to produce a rise in 7pi* —7p;* and rp;® .24 As (45) shows, these changes

in the risk premia have offsetting affects on E;}}, but in the complete markets equilibrium the former

effects dominate so ;7% rises.

The effects of the U.S. risk shock on ;% are smaller in the benchmark equilibrium. Since the equi-
librium responses of equity prices, consumption and the real exchange rate are very similar to the responses
under complete markets (see the lower panels of Figures 1 and 2), the risk shock changes the hedging prop-
erties of domestic equity and foreign assets in the manner described above. Additionally, in this equilibrium,
the shock affects the U.S. equity and foreign asset risk premia via the collateral constraints. In particular, the
real appreciation of the dollar produces a capital loss on pre-existing U.S. foreign asset holdings that drives
U.S. households towards the constraint. In response, U.S. households reallocate their portfolios pushing rp;®

A

higher and rp{* lower than in the complete markets equilibrium. The net result is to dampen the rise in

E;rit; relative to the complete markets response as shown in Panel E of Figure 3.

Capital Flows

To this point we have studied the process of external adjustment following endowment and risk shocks and
how the presence of financial frictions moderates the strength of the valuation channel by dampening the
effects of risk shocks on the risk premia. I now turn to the remaining aspect of the external adjustment
process, the behavior of capital flows.

Panel I in Table 6 reports the unconditional standard deviations from simulations of the benchmark and

complete markets equilibria for U.S. log savings, w; — ¢;; the log value of U.S. foreign assets, fas; the U.S.

24The risk shock also raises E.U. equity premium, 7p;?, but the effect is insignificant because the capital loss on E.U. equity
is very small; see Panel D in Figure 2.
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portfolio shares for domestic equity and foreign assets, a;® and of*; and the U.S. capital outflows for bonds
and equity, &AB}Y and StQtAAtEU. These statistics show that the presence of collateral constraints has
little impact on the volatility of savings.?> This is consistent with the similarity of the impulse responses for
consumption, dividends and trade flows across in the different equilibria depicted in Figures 1-3. Households
find it optimal in the presence of collateral constraints to approximate the real consumption and savings
decisions they would make under complete markets. The constraints play a larger role on households’
financial decisions. As the ratios in column (iv) show, the volatility of the U.S. foreign asset position is
approximately 20 percent higher when the constraints are present. By definition fa; = Inaj* + w; — ¢, so
the higher volatility in fa; induced by frictions reflects more variability in households’ choice for af*. In fact
the standard deviations of both the foreign asset and domestic equity portfolio shares are approximately 15
percent higher in the benchmark equilibrium. The presence of collateral constraints also raises the standard
deviations of U.S. capital outflows by approximately 10 percent. Bond flows are more volatile than equity
flows in both equilibria because the share of E.U. equities in U.S. foreign assets is fixed at p = 0.42. The
volatility of equity outflows is higher than bond outflows in equilibria with o > 0.5.

The statistics in Panel II identify the contribution of U.S. households’ portfolio reallocation decisions to
U.S. capital outflows. Recall from equations (36) and (37) that a portion of the equity and bond outflow,
EtQtAAtE” and E&AB}Y, can be attributed to the change in the portfolio share of* : i.e., Aaf*p(W; — Cy)
and Aaf*(1 — p)(Wy — Ct). Panel II reports the variance contributions of these so-called "return chasing
components” to the bond and equity outflows. Even though these components are perfectly correlated across
the flows, their variance contributions are quite different because the effects of capital gains and losses on
pre-existing foreign bond and equity positions differs. Notice, also that the variance decompositions are
almost identical across the two equilibria. The presence of collateral constraints raise the volatility of capital
outflows but has little affect on the role played by portfolio reallocations.?%

We can study the role of capital flows in the external adjustment process in greater detail with the aid
of Figure 4. Here I plot the impulse responses of U.S. and E.U. bond and equity holdings following the
endowment and risk shocks. Each panel shows the percent deviation from the steady state holdings. For
example, Panel A plots the deviations in U.S. holdings of U.S. bonds, 100 x (By® — B{®)/B}® in black, and
the deviations in E.U. holdings of E.U. bonds, 100 x (BFY — éf“)/é;“ in red. As above, the upper and lower
panels show the responses following the endowment and risk shocks, with solid and dashed lines indicating
the responses in the benchmark and complete markets equilibria, respectively.

Two features of the plots in Figure 4 immediately stand out: First, the changes in bond and equity
positions following endowment shocks are extremely small and are far smaller than the changes induced by
the risk shocks. Since StQtAAf”, EABEY, (Q: /5,5)AA§S and (1 /&)ABES represent U.S. capital outflows
and inflows for equities and bonds, the capital flows produced by endowment shocks must be very small.

Indeed, it turns out that endowment shocks account for less than one percent of the variance in bond and

25Recall that the restriction of foreign asset portfolios applies in both equilibria.

26These variance decomposition results are similar to the findings reported elsewhere in the literature. For example, Van Win-
coop and Tille (2007) find that changes in portfolio shares are an important driver of flows following endowment shocks in a
model where only equity is traded internationally. Similarly, Evans and Hnatkovska (2005a) show that the return chasing
component contributes most to the variance of bond and equity flows driven by productively shocks in a model with incomplete
markets.
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Table 6: Capital Flows

Variables Benchmark Complete Markets Ratio

(i) (ii) (iif) (iv)

I: Standard Deviations

wy — ¢ 0.302 0.297 1.016
fay 0.782 0.654 1.195
o 0.089 0.077 1.155
o 0.212 0.183 1.158

EABFY 0.167 0.152 1.098

EQiAARY 0.120 0.109 1.101

II: Return Chasing Contributions
Bond Flows: &AByY 0.717 0.714

Equity Flows: &Q;AAR 1.381 1.381

Notes: Panel I reports the unconditional standard deviation from simulations of the benchmark
equilibrium in column (ii) and the complete markets equilibrium column (iii) for the variables
listed in column (i). Column (iv) reports the ratio of the statistics in columns (ii) to (iii). Panel
II reports the variance contribution of the return chasing components in U.S. foreign bond flows
and equity flows in the benchmark and complete markets equilibria. All statistics are computed

from simulations spanning 100,000 quarters.

equity flows produced by simulations of the benchmark and complete markets equilibria. Thus, capital flows
appear to play an insignificant role in the adjustment process following endowment shocks.

The economic intuition behind this result is straightforward. Endowments shocks are typically too small
to affect equilibrium risk premia so households keep their portfolio shares constant.?’” As a consequence,
when the shock hits U.S. households issue more domestic bonds to balance the capital gains on their pre-
existing domestic equity and foreign asset positions. The corresponding change in the U.S. and E.U. bond
positions are shown in panels A and B of Figure 4. This small bond flow is sufficient to finance the initial
U.S. current account deficit that follows the endowment shock. It is then reversed as U.S. households buy
back the their bonds with the proceeds of higher domestic dividends.

The second striking feature in Figure 4 appears in the lower panels. Here we see that the initial changes in

the foreign bond and equity positions produced by risk shocks are economically large, and are approximately

270f course it is possible that an endowment shock hits when households are already close to their collateral constraints so
that the equilibrium risk premia and portfolio shares change. Under these circumstances, the shock would produce a more
complex pattern of capital flows, but the simulations indicate that such patterns are very rare.
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twice the size when collateral constraints are present. These position changes are an important driver of
bond and equity capital flows. In particular, the plots in panels F and H show that risk shocks induce sharp
initial falls in foreign bond and equity positions of both U.S. and E.U. households. They therefore represent
large positive bond and equity foreign capital outflows across the world economy.

To understand the source of these capital flows, recall that the the U.S. risk shock produces a real
appreciation of the dollar and a fall in the domestic value of E.U. equity. Thus, E.U. equity holdings
contribute more to the capital loss U.S. households sustain on their foreign asset portfolio than do E.U.
bonds. If households were free to choose the composition of their foreign asset portfolio, the risk shock
would produce a larger risk premium on foreign equity than bonds to compensate U.S. households for their
inferior hedging properties in the face of future risk shocks. However, since the composition of the portfolio
is fixed (i.e., p = 0.42), the risk shock raises the risk premium on the foreign portfolio instead, rpi*. In the
absence of collateral constraints, this rise in rpi* under-compensates U.S. households for the risk associated
with holding E.U. equity, so they reduce their exposure to foreign assets by lowering af*.?8 When coupled
with the fall in U.S. saving, this portfolio reallocation produces an eight percent fall in U.S. holdings of foreign
bonds and equity, as shown by the dashed black plots in panels F and H of Figure 4. E.U. households reduce
their foreign asset holdings for the similar reason. Recall that the U.S. risk shock lowers the E.U. foreign
asset risk premium 7p;*. This lower premium under-compensates E.U. households the risk associated with
holding U.S. equity, so they lower their exposed to foreign assets by reducing &;*. Although E.U. households
savings remain relatively stable (because the capital loss on U.S. equity is offset by the exchange rate), the
fall in &* and appreciation of the dollar produce a fall in E.U. holdings of U.S. bonds of approximately 12
percent.

Finally, we turn to the role of the collateral constraints. The U.S. risk shock produces capital losses on
pre-existing U.S. equity and foreign asset positions as well a desired portfolio reallocation that lowers rpi*.
Together, these effects lower the value of foreign asset holdings that can be used as collateral when issuing
U.S. bonds. In response, U.S. households sell a larger fraction of their foreign asset portfolio in order buy
back more outstanding U.S. bonds. These actions produce the larger U.S. capital outflows depicted in panels
F and H of Figure 4. The reallocation of E.U. portfolios has a similar collateral effect on E.U. outflows. In
this case the fall in &* reduces the value of foreign assets available for E.U. households to use when issuing
E.U. bonds. And, as a result, E.U. households sell foreign assets to buy back previously issued domestic
bonds. As Figure 4 shows, the size of the E.U. bond and equity outflows produced by these transactions are

very similar to their U.S. counterparts.

6 Conclusion

In this paper I developed a new open economy macro model to study the role of hot money capital flows
in the international adjustment process. The model contains a novel combination of features (i.e., external

habits, financial frictions, portfolio choice and incomplete risk-sharing) that can replicate key features of

28Because the risk shock increases the local curvature of U.S. utility, households are more concerned about the under-
compensation for equity risk than over-compensation for bond risk in the foreign portfolio.
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international data (e.g., the volatilities of real exchange rates and deviations from UIP) when risk shocks
are the dominant drivers international adjustment. My analysis of the model reveals that hot money capital
flows are an integral part of the external adjustment process following risk shocks. This process produces
variations in the value of a country’s net foreign asset position that mainly reflect revisions in expected
future return differentials between foreign assets and liabilities, i.e. via the valuation channel. Consistent
with this implication of the model, I also find that forecasts of future return differentials contribute most to
the volatility of the U.S. net foreign asset position in the post Bretton-Woods era.

Overall, these findings provide a different perspective to the view that hot money flows are a source of
international instability. Admittedly, the model rules out the possibility that domestic production can be
adversely affected by capital outflows, which is a real concern for some countries. On the other hand, my
analysis does show that hot money flows can be part of an empirically relevant international adjustment
process that allows households to fund consumption paths that approximate the paths under complete
markets. In this sense, the portfolio reallocations that drive hot money flows facilitate a level of international
risk-sharing that would otherwise be impossible in the presence of financial frictions. Of course, the question
of how these risk-sharing benefits of hot money flows stack up against the costs of potential instability

remains open.
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