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Abstract

International financial integration has greatly increased the scope for changes in a country’s
net foreign asset position through the “valuation channel” of external adjustment, namely cap-
ital gains and losses on the country’s external assets and liabilities. We examine this valuation
channel theoretically in a dynamic equilibrium portfolio model with international trade in eq-
uity that encompasses complete and incomplete asset market scenarios. By separating asset
prices and quantities in the definition of net foreign assets, we can characterize the first-order
dynamics of both valuation effects and net foreign equity holdings. First-order excess returns
are unanticipated and i.i.d. in our model, but capital gains and losses on equity positions feature
persistent, anticipated dynamics in response to productivity shocks. The separation of prices
and quantities in net foreign assets also enables us to characterize fully the role of capital gains
and losses versus the current account in the dynamics of macroeconomic aggregates. Specifically,
we disentangle the roles of excess returns, capital gains, and portfolio adjustment for consump-
tion risk sharing when financial markets are incomplete, showing how these different channels
contribute to dampening (or amplifying) the impact response of the cross-country consumption
differential to shocks and to keeping it constant in subsequent periods.
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1 Introduction

The experience of the United States over the past decades shows that external adjustment, mea-
sured by changes in a country’s net foreign asset position, can take place not only through changes in
quantities and prices of goods and services — the so-called “trade channel” of adjustment — but also
through changes in asset prices and returns — the so-called “financial channel” of adjustment. Al-
though the precise magnitude, composition, and working of the financial channel of adjustment are
the subject of an ongoing debate (e.g., Gourinchas and Rey, 2007a; Curcuru, Dvorak, and Warnock,
2008; Lane and Milesi-Ferretti, 2009), there is consensus that this channel is quantitatively impor-
tant in the case of the United States. For instance, Gourinchas and Rey (2007b) estimate that the
financial channel contributed on average about 30 percent of the (cyclical) external adjustment of
the United States since the 1950s.!

This paper focuses on a specific component of the financial channel of external adjustment
that works through valuation effects only, which we call the “valuation channel” of external ad-
justment. This valuation channel works solely through a country’s capital gains and losses on the
stock of gross foreign assets and liabilities due to expected or unexpected asset price changes.?
We study the valuation channel of external adjustment theoretically in a two-country, dynamic,
stochastic, general equilibrium (DSGE) portfolio model with international trade in equity that
encompasses complete and incomplete asset market scenarios. We study the determinants of the
valuation channel, its relative importance in external adjustment, and we illustrate its working and
its implications for macroeconomic dynamics and risk sharing.

We introduce international equity trading in a two-country, DSGE model with production
under monopolistic competition. Households in our model supply labor, consume a basket that
aggregates sub-baskets of differentiated domestic and foreign goods in C.E.S. fashion, and hold
shares in domestic and foreign firms.? To preserve the ability to obtain a set of analytical results,
we consider a simple production structure in which output is produced using only labor subject
to country-wide productivity shocks. Monopolistic competition, based on product differentiation

within countries, generates non-zero profits and firm values, essential for the asset dynamics we

'Lane and Milesi-Ferretti (2001) provide an early discussion of the financial channel for industrial and emerging
market economies. See also Obstfeld (2004).

?Gourinchas and Rey (2007a,b) use the terms “financial adjustment” and “valuation effects” interchangeably and
refer to the role of total asset returns in external adjustment. Our definition of valuation effects is limited to the
capital gain component of total asset returns. In this respect, our approach to valuation is closer to that of Lane and
Milesi-Ferretti (2007), who distinguish capital gains from the income balance in defining valuation, and Kollmann
(2006), who focuses only on capital gains. As we shall see, the distinction is important in our analysis.

30ur choice to focus on international trade in equity is motivated by the existence of a wider set of established
results for economies with international trade in bonds. See, for instance, Benigno (2009) and Tille (2008). Lane
and Milesi-Ferretti (2009) document the importance of equity price movements for the dynamics of U.S. net foreign
assets. See also Coeurdacier, Kollmann, and Martin (2009).



focus on. Uncertainty arises as a consequence of productivity and government spending shocks,
and asset markets are incomplete when both types of shocks are present.

The main contribution of our paper follows from the separation of asset prices and asset quanti-
ties in the definition of net foreign assets. We show that when this separation is taken into account,
it is possible to characterize the first-order dynamics of valuation effects (changes in relative, cross-
country equity prices, interchangeably referred to as “valuation” below) and portfolio adjustment
(changes in quantities of net foreign equity holdings, or the current account of balance of payments
statistics in our model) and their relative contributions to net foreign asset and macroeconomic
dynamics.?

We solve the model by combining a second-order approximation of the portfolio optimality
conditions with a first-order approximation of the rest of the model, according to the technique
developed by Devereux and Sutherland (2009a) and Tille and van Wincoop (2008). Consistent with
these and other studies, the excess return on foreign assets is a fully unanticipated, i.i.d. variable
in our model (i.e., it is unanticipated and unpredictable). However, this is generally not the case
for capital gains or losses on equity positions — our definition of the valuation channel. The initial
response of valuation to a shock at time ¢ is unanticipated as of time ¢ — 1, but the dynamics
in all following periods are fully anticipated as of the time of the shock. For instance, we show
that the response of the valuation channel to relative productivity shocks is generally described
by an ARMA(1,1) process, while the response to relative government spending is i.i.d. These
results stem from the fact that the cross-country dividend differential, which determines relative
equity values in our model, is proportional to the contemporaneous productivity and consumption
differentials. The i.i.d. nature of valuation effects in response to government spending shocks then
follows because the consumption differential obeys a random walk process in our model.’ The
proportionality of relative dividends to productivity (in addition to relative consumption) results
in richer ARM A dynamics of valuation.

We characterize the dynamics of international equity adjustment in response to productivity

4Tmportantly, this does not depend on the assumption that only two assets (home and foreign equity) are traded
in our model. If we allowed for trade in multiple assets, our approach would still make it possible to solve for the
first-order adjustment of a net foreign portfolio composite and a composite of cross-country, relative asset prices.

®Given the stylized nature of the model, we focus on impulse responses for numerical illustration. For this reason
— and the objective to obtain transparent analytical results in a benchmark environment —, we do not introduce
adjustment costs or other frictions that would ensure stationarity of responses to non-permanent shocks and make
it possible to compute well-defined second moments. (See the discussions in Ghironi, 2006, and Schmitt-Grohé
and Uribe, 2003.) The implied random walk property of relative consumption has consequences for the analytical
solutions that we obtain. For instance, a stationarity inducing device would imply that valuation following government
spending shocks would no longer be exactly i.i.d. Nevertheless, plausible calibrations of such stationarity inducing
devices would result in quantitatively small departures from the results we obtain, other than ensuring stationary
responses over a long horizon. We reserve the introduction of frictions to generate stationarity and the computation
of second moments to be compared to business cycle data for extensions of this paper to richer, quantitative models.



and government spending, and we provide analytical solutions for the shares of valuation and the
current account in net foreign asset adjustment. In particular, we show that the share of valuation
is positive and constant in all periods after the impact of a productivity shock, thus playing a
distinct role in the adjustment of external accounts. In contrast, the share of valuation in the
adjustment to government spending shocks is zero in all periods but the impact one, with portfolio
adjustment responsible for all changes in net foreign assets in subsequent periods.

The first-order decomposition of valuation and portfolio adjustment and the characterization
of anticipated capital gain effects that we obtain cannot be accomplished when the definition of
asset positions does not treat prices and quantities separately.® In our numerical illustrations, we
show that the difference between our measure of the valuation channel and the excess-return-based
measure used in Devereux and Sutherland (2009b) is non-negligible in response to productivity
shocks, i.e., that our approach yields non-negligible predictable valuation effects along the dy-
namics that follow these shocks.” Plausible parameter values imply that valuation represents a
significantly larger share of net foreign asset movements than portfolio adjustment in response to
productivity shocks in an incomplete markets scenario, consistent with an equilibrium allocation
that remains close to the complete markets outcome. Instead, analytical results and numerical
illustration show that portfolio adjustment is the most important determinant of net foreign asset
movements following government spending shocks.

Separation of prices and quantities in net foreign assets also enables us to fully characterize
the role of capital gains and losses versus the current account in the dynamics of macroeconomic
aggregates, which we explore analytically and by means of numerical examples. We disentangle the
roles of excess returns, capital gains, and portfolio adjustment for consumption risk sharing when
financial markets are incomplete, showing how these different channels contribute to dampening
or amplifying the impact response of the cross-country consumption differential to shocks and to
keeping it constant in subsequent periods. To the best of our knowledge, this paper is the first
to provide such an analysis of the impact of valuation effects on macroeconomic dynamics during
external adjustment.

Our contribution to the literature on the financial channel of external adjustment is thus
twofold. On the methodological side, we show the importance of distinguishing quantities and
prices in the definition of asset positions. On the substantive side, we obtain and illustrate a set of

results that shed light on the mechanics of valuation effects and portfolio adjustment that can be

%Tn this case, it is possible to obtain results on international portfolio adjustment and anticipated valuation effects
(based on excess returns) only by combining (at least) a third-order approximation of portfolio optimality conditions
with a second-order approximation of the rest of the model. See Devereux and Sutherland (2007, 2009b) and Tille
and van Wincoop (2008).

"It is also important to note that Devereux and Sutherland (2009b) find that predictable excess returns obtained
by applying higher-order approximations to the model are quantitatively negligible for plausible parameter values.



at work in richer, quantitative models of international portfolio and business cycle dynamics.®

Besides the papers already mentioned, our work is related to a set of other studies that
explore the role of financial adjustment in the international transmission of shocks. An early
contribution is Kim (2002), who focuses on the consequences of revaluation of nominal asset prices,
without modeling the portfolio choice. Blanchard, Giavazzi, and Sa (2005) set up a traditional
portfolio balance model with imperfect asset substitutability along the lines of Kouri (1982) and
discuss valuation effects caused by exchange rate movements, with no emphasis on equity prices.
Tille (2008) studies the welfare implications of valuation effects from both equity and bonds, and
Benigno (2009) provides a normative analysis of valuation effects, focusing on economies in which
trade is restricted to nominal bonds. Both these papers assume perfect foresight and exogenously
determined initial asset positions, and they focus on unanticipated valuation effects in the impact
period of shocks. Pavlova and Rigobon (2009) study the role of capital gains and losses on foreign
assets and liabilities in a continuous time model of external adjustment and valuation effects. Their
analysis is based on an exact, closed-form solution of the model (as opposed to the approximation
technique used here), but they focus on an endowment economy rather than a production one. Some
numerical results on the role of capital gains and losses in net foreign asset dynamics can be found
in Coeurdacier, Kollmann, and Martin (2009) and Tille and van Wincoop (2008). Kollmann (2006)
highlights the effects of changes in equity prices on net foreign asset dynamics in his numerical
exercises, but he does so in an endowment economy model. In contrast to this paper, his definition
of the current account departs from the conventional definition of balance of payments statistics
by including changes in equity prices. Nguyen (2008) studies the consequences of growth shocks
for valuation and the current account using an approach similar to ours in an endowment economy
model.

While we do not address the issue of international portfolio home bias, our model and solution
technique are related also to several recent papers that study home bias and financial integration
in models with international trade in equity and bonds. Home bias — the fact that households hold
a disproportionate share of portfolios in domestic assets relative to what would be consistent with
optimal risk sharing — has been the subject of extensive research since the influential analyses in
Adler and Dumas (1983), Baxter and Jermann (1997), and French and Poterba (1991).° Our choice

In the process of obtaining our main results, we also demonstrate analytically the importance of labor supply
elasticity for optimal international portfolios and risk sharing. Regardless of labor supply elasticity, households in our
model achieve perfect insurance against country-specific productivity shocks when there is no government spending
uncertainty or when steady-state government spending is zero. But households achieve the same outcome also when
labor supply is inelastic (regardless of government spending). In this case, output and firm profits are determined
independently of government spending, and thus international trade in equities provides no hedge against government
spending shocks. The optimal portfolio strategy is to insure fully against idiosyncratic productivity shocks, while
remaining exposed to government spending shocks.

See also Bottazzi, Pesenti, and van Wincoop (1996) and the survey in Lewis (1999). The recent literature



not to address home bias is motivated by the existence of established results in a literature that
uses DSGE modeling and the same solution technique adopted here. For instance, Coeurdacier,
Kollmann, and Martin (2009) show that a combination of trade in equities and bonds in a DSGE
model with capital accumulation generates realistic home equity bias and (for low enough elasticity
of substitution between home and foreign goods) external borrowing in home bonds. Rather than
replicating these results, we choose to focus on the consequences of explicitly separating asset prices
and quantities for the analysis of valuation versus first-order portfolio adjustment in a simpler setup
that yields a set of benchmark, analytical results. Our methodology of separating asset prices and
quantities has no implication for the home bias problem, because it does not affect the agents’
incentive to hedge the assumed sources of risk in the economy.'”

The rest of the paper is organized as follows. Section 2 presents the model. Section 3 studies
the anatomy of portfolio adjustment and valuation. It presents our analytical results on the roles
of valuation and the current account in net foreign asset and macroeconomic dynamics. Section
4 illustrates our results by means of numerical examples, presenting impulse responses to relative
productivity and government spending shocks for a plausible parametrization of the model. Section

5 concludes. Details are in a Technical Appendix available on request.

2 The Model

We present the most important ingredients of our model in this section and relegate details to the
Technical Appendix.

We assume that the world economy consists of two countries, home and foreign, populated
by infinitely lived, atomistic households. World population equals the continuum [0, 1], with home
households between [0, a) and foreign households between [a, 1]. The world economy also features
a continuum of monopolistically competitive firms on [0, 1], each producing a differentiated good.

Home firms are indexed by z € [0, a); foreign firms are indexed by z* € [a, 1].

includes, among others, Benigno and Kiigiik-Tuger (2008), Coeurdacier (2009), Coeurdacier and Gourinchas (2008),
Coeurdacier, Kollmann, and Martin (2008, 2009), Engel and Matsumoto (2009), Hnatkovska (2009), Heathcote and
Perri (2007), Kollmann (2006), and Matsumoto (2007). With the exception of numerical results in Kollmann (2006)
and Coeurdacier, Kollmann, and Martin (2009), none of these papers focuses on the role of valuation in international
adjustment. Obstfeld (2006) provides a survey and discussion of the recent literature on international risk sharing
and portfolio models.

10Realistic home bias would be an important feature of a quantitative extension of our exercise that we leave for
future research.



2.1 Households and Governments

The representative home household maximizes an expected intertemporal utility function that

depends on consumption, Cy, and labor effort, L;, supplied in a competitive, home labor market:

1 1
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with 1 > 8 > 0 and o, x, ¢ > 0. The representative foreign household maximizes a similar utility
function and supplies labor in the foreign labor market.

The consumption basket C' aggregates sub-baskets of individual home and foreign goods in
CES fashion:

1 w—1 1 w—1 | w—1
C; = [aw i (1 —a)«Cpy } ,

where w > 0 is the elasticity of substitution between home and foreign goods. The consumption

sub-baskets Cy and C'r aggregate individual home and foreign goods, respectively, in Dixit-Stiglitz
fashion with elasticity of substitution 6 > 1:
0
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This structure of consumption preferences implies CPI and price sub-indexes in the home
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where p;(z) and pi(z*) are the home prices of individual home and foreign goods, respectively. For
convenience, we assume that all prices in the home (foreign) country are denominated in units of
home (foreign) currency. In our model, currency serves the sole role of unit of account, and we
adopt a cashless specification following Woodford (2003). Since we assume that nominal prices
and wages are perfectly flexible, we focus on real variables in the model presentation and solution

below.!!

' Note that it would not be possible to focus only on real variables if we allowed for international trade in nominal
bonds as in Tille (2008) and Benigno (2009). Since the nominal interest rate between ¢ — 1 and ¢ is predetermined
relative to the price level at ¢, real valuation effects arise with flexible prices and wages as a consequence of nominal
price and exchange rate movements that induce unexpected movements in ex post real returns on outstanding bond
positions. Fully forward-looking nominal equity prices are determined at the same time as nominal price levels,
making changes in these and the exchange rate irrelevant for real valuation effects when only equities are traded.




We assume that there are no impediments to trade, so that the law of one price holds for each
individual good. Assuming further that consumption preferences are identical across countries,
consumption-based PPP holds.

Households in each country can hold shares in domestic and foreign firms. Denote with z;11
the aggregate per capita home holdings of shares in home firms entering period ¢ + 1. With the

same timing convention, let:

xri,; = aggregate per capita home holdings of shares in foreign firms,
Tir1 = aggregate per capita foreign holdings of shares in home firms,
xry,1 = aggregate per capita foreign holdings of shares in foreign firms.

In each country, there is a government that consumes the same consumption basket as house-
holds in exogenous, wasteful fashion. Governments run balanced budgets, such that government
spending is equal to lump-sum taxation of household income. Then, equilibrium versions of the

budget constraints for home and foreign households can be written as:

Vi1 + U:{IZ:+1 +Ci+ Gy = ('Ut + dt) Tt + (U: + dr) .’L"tk + wi Ly, (1)
Tl + V[T + COF + G = (v dy) T+ (vf + d7) 3% +wi LY, (2)

where v; and v are the prices of shares in home and foreign firms, d; and dj are dividends, w;
and wj are real wages — all in units of the common consumption basket —, and G; and G} denote
exogenous government spending (following AR(1) processes in logs).

Define the gross returns from holding home and foreign equity as:

_Ut+dt *_’U:—Fd;;
R = , Rf=—t—t
Vt—1 V1

Optimal equity holding behavior by home households requires:

_1 1
Ct 7 = ﬁEt <Ct+fiRt+1> ; (3)
_1 1
Ey <Ct+(iRt+1> = Lk <Ot+01Rt+1> ) (4)

where equation (3) is the Euler equation for optimal holdings of home equity, and equation (4)
implies indifference between home and foreign equity at the optimum.'? In addition to these

conditions, optimal labor supply requires:
_1 1
Ct 7 wt — XLt(P .

Similar optimality conditions hold for foreign households.

2We omit transversality conditions.



2.1.1 From the Budget Constraints to the Law of Motion for Net Foreign Assets
Equity market clearing requires:

axii1 + (1 —a)zyr = a, (5)
ari;+(1—a)aly; = 1-a (6)

Home aggregate per capital assets entering period t+1 are given by vyxy 41 +vfxf, ;. Home aggregate
per capita net foreign assets entering t+ 1 (nfas41) are obtained by netting out the values of home
holdings of home shares (v:x¢41) and foreign holdings of home shares (vix.+1) adjusted for the

population ratio:
1—a

nfag = viwy — VTt 1. (7)
Net foreign assets are the population-adjusted difference between home holdings of foreign equity
and foreign holdings of home equity.

Using the definition (7) and the market clearing conditions (5)-(6), we can rewrite the home

budget constraint (1) as:

a
Rivg_ 1241 + 1y — Cy — Gy,

* ok *
nfay = Riviaop — —

where y; is home GDP, distributed as labor income and dividend income (y; = wiL; + d;).
Next, define the excess return from holding foreign equity RP = R} — R; and the portfolio
holding oy = v{_;x}. Note that this is a composite of foreign asset price last period and foreign asset

quantity chosen during that period. Using these definitions, the home budget constraint becomes:
nfatﬂ = RtDOlt + Rtnfat + Yyt — Ct - Gt. (8)

Proceeding similarly with the foreign budget constraint (2) yields:

nfaj,, = RPaf + Rynfal +y; — C; — G, (9)
where foreign net foreign assets n fay, ; and portfolio holding oy satisfy the market clearing condi-
tions:

* a * a * * a
nfa; 7 _anfatﬂ and o T, Vi1t T %

Note that the net foreign asset equations (8) and (9) correspond to the starting formulation of
net foreign asset equations in Devereux and Sutherland (2009a, 2007) and other related work on
international portfolios and valuation effects — a point that will become important below.

Finally, subtracting (9) from (8) and imposing asset market clearing yields the following law

of motion for net foreign assets:
nfat+1 = R?Ott + Rtnfat + (1 — a) (y,f) — CtD — GtD) R (10)

where: yP =y —yf, CP = Cy — Cf, and GP = G, — G7}.



2.2 Firms

Firms in both countries produce using only labor according to linear production functions subject
to aggregate productivity shocks Z; at home and Z; abroad (following AR(1) processes in logs).
Optimal price setting implies that prices of individual home and foreign goods (and, by symmetry
of equilibrium firm behavior, prices of home and foreign sub-baskets) are given by constant markups
over marginal cost. In units of the common consumption basket, the real prices of home and foreign
goods are, respectively: .
RB:%% and RPF— Y (11)
From the production side, GDP in each country aggregates outputs of individual firms after

converting them into units of consumption:
Yt = RPtZtLt and y: = RPt*Z;L: (12)

Finally, defining aggregate per capita world demand of the consumption basket 4} = aC; +
(1 —a)Cf 4+ aGt + (1 — a) G, aggregate per capita labor demand in each country is:

_ RP “yt

RPt*—wytVV
Zy '

L
t Z:

and Lj = (13)

2.3 Some Useful Properties

We summarize here some properties of our model that will be useful for the interpretation of results
below.

Using the optimality conditions for firms and households above, it is possible to verify that:

A+e)(w—1) _plw—1)
Yt Zy wte Cy\ ot
. (z‘:) <c—:> | 1)

It follows immediately from this expression that home and foreign GDPs are equal (y; = y;) if
the elasticity of substitution between home and foreign goods, w, is equal to 1. Also, if the Frisch
elasticity of labor supply, ¢, is equal to 0 (i.e., if labor supply is inelastic), the GDP differential

w—1

reduces to y:/yf = (Z¢/Z}) « , so that relative GDP depends only on relative productivity and is

completely insulated from government spending shocks.

Observe now that world GDP y}" (from the production side) is such that y}V = ay, +
(1 —a)yf = aRP,Z Ly + (1 — a)RP;ZFL}. If labor supply is inelastic (implying Ly = L} = 1),
it follows that v} = aRP,Z; + (1 — a)RP;Z}. Labor market clearing at home and abroad then



requires:

aRP,Z; + (1 — a)RPt*ng

1 = RP™ : (15)
Zy

. RPt*waRPthL(;*—a)RPtZt' 16)
t

This is a system of two equations that determines the prices RP; and RP;" uniquely as functions of
home and foreign productivity Z; and Z;. Given the solutions for RP; and RP;, home and foreign
GDPs are then pinned down by y; = RPZ; and y; = RP;Z}, implying that home and foreign
GDPs do not respond to government spending shocks if labor supply is inelastic.

In general, the terms of trade between the two countries, TOT; = RP,/RP}, are such that:

_1te _e

Zt wtp Ct o(w+p)
TOT; = | — — . 1
oni=(%) " (&) ()

If labor supply is inelastic, this reduces to TOT; = (Z; /ZZ‘)_%, which implies that the terms of
trade move one-for-one with the productivity differential if, additionally, w = 1. This is the central
mechanism for the results in Cole and Obstfeld (1991) and Corsetti and Pesenti (2001): When
w = 1, terms of trade adjustment transfers purchasing power across countries so as to replicate
the perfect risk sharing outcome around an initial position with zero net foreign assets without
need of any adjustment in this position. Importantly, this property — particularly transparent with
inelastic labor supply — holds also with ¢ # 0.3
Wage and labor effort differentials are determined by:

wy Zt % Cy \ 7@te) (18)
wi  \Zf Cy ’

Lt B Zt ‘Pf\;iipl) Ct - o—(wi@) (19>
Ly \Z; Cy '

Finally, observe that optimal pricing by firms, the expression for GDP from the production
side (y¢ = RP:Z¢L¢), and the definition of GDP from the income side imply that income distribution

in each country is determined by constant proportions:

0—1 1
% and dt =Yt — 'UJtLt == gyt (20)

TOT, — Z\"' /¢, \Tare
T \z; Cr '

However, it is possible to verify that, as with ¢ = 0, the consumption differential does not respond to productivity
shocks, and the equilibrium terms of trade respond in one-for-one fashion, if the initial position features zero net
foreign assets. Key for this result is that the GDP ratio in equation (14) is one regardless of ¢ if w = 1. Since
the consumption value of each country’s output responds to shocks by the same percentage, so does each country’s
consumption.

wily =

3When w =1 and ¢ # 0,

10



In a perfectly competitive environment in which 8 — oo, all GDP per capita would be distributed
to domestic labor in the form of wage income. Conversely, absolute monopoly power by firms
(0 — 1) would lead to all income being distributed as dividends to shareholders. Importantly
for the discussion below, since GDP is independent from government spending shocks when labor
supply is inelastic, the income distribution in (20) implies that dividends would also be independent

from government spending if ¢ = 0.

2.4 The Steady-State Portfolio and the Role of Labor Supply Elasticity

We denote steady-state levels of variables by dropping the time subscript and assume that steady
state productivity and government spending are such that Z = Z* = 1 and G = G*. Assuming
a symmetric steady state with zero net foreign assets and applying the technique developed in
Devereux and Sutherland (2009a) and Tille and van Wincoop (2008) as illustrated in the Technical
Appendix yields the steady-state portfolio:

_B0-a) |, _ G2 (w+ @) (1 - Boy) 0%
1-8 o(w—1)(1+¢)*(1-G)(1-Bg) 0

£

, (21)

where ¢, (¢) is the persistence of relative productivity (government spending) shocks (in percent-
age deviation from the steady state), and ogg D (ng p) is the variance of i.i.d., zero-mean innovations
to relative government spending (productivity) with bounded support, assumed uncorrelated with
each other.

Suppose G = 0. Then, « = (1 —a)/(1— ), and it is easy to verify that this is the
constant portfolio allocation that fully insures home and foreign households against idiosyncratic

15 As in Devereux and Sutherland

productivity shocks (but not government spending shocks).
(2009a), when government spending is zero on average, households optimally select the portfolio
that fully insulates their welfare against idiosyncratic productivity shocks, leaving welfare fully
exposed to the consequences of market incompleteness in case of random variation of government
spending around zero. If G > 0, households hold a portfolio that is less diversified than the portfolio
that optimally insures against idiosyncratic productivity. This happens because home equity now
provides a valuable hedge against the effect of government spending on consumption, as the profits

of home firms (and therefore home dividends) increase when government spending increases.

4We assume that y = y* = L = L* = 1 in the symmetric steady state by appropriate choice of the weight of the
disutility from labor effort x. This implies that G denotes both the absolute level of government spending and its
ratio to GDP in equation (21). In turn, this imposes the constraint 1 > G > 0.

5By using the definition of a and the steady-state equity price, & = B(1 —a) /(1 — ) returns the planner’s
international allocation of equity in the model without government spending shocks. This allocation of equity fully
insures households against movements in relative productivity. See the Technical Appendix for details.

11



Importantly, « = 5 (1 —a) /(1 — ) and perfect insurance against idiosyncratic productivity
arise also when ¢ = 0, i.e., when labor supply is inelastic, regardless of the value of G. In other
words, even if G > 0, households choose a portfolio that provides less-than-perfect pooling of pro-
ductivity risk only if labor supply is elastic. The intuition is simple and follows from properties
of the model that we summarized above. When ¢ = 0, government spending shocks do not affect
firm profits and hence equity holding does not provide a hedge against uncertainty in government
spending: d; = y¢/6, and we established above that y; does not depend on Gy and G} if ¢ = 0. In
this case, a government spending shock simply crowds out consumption, leaving output and profits
unchanged. Since trade in equities cannot provide a hedge against government spending shocks,
the best households can do is to hold the equity portfolio that perfectly insures against productivity
shocks, while again fully absorbing the consequences of market incompleteness if government spend-
ing shocks happen. When ¢ > 0, equilibrium profits become a function of government spending,

and the risk diversification motive becomes a determinant of the steady-state portfolio if G > 0.16:17

3 The Anatomy of Portfolio Adjustment and Valuation

In this section, we analyze the anatomy of portfolio adjustment and valuation as determinants of
net foreign asset dynamics in a log-linear approximation of the model. We show that the explicit
separation of asset prices and quantities in the definition of net foreign assets in our model yields a
set of novel results on the role of first-order portfolio adjustment and valuation, and we study the

role of valuation in macroeconomic dynamics.

3.1 First-Order Portfolio Adjustment and Valuation

Log-linearizing the definition of net foreign assets (7) (and normalizing the percent deviation of net
foreign assets from the steady state by steady-state consumption, 1 — G) yields:

fagy = —— (32, — 4P 22

nfat+1*1_G($t+1 Ut)7 (22)

'The case in which disutility of labor is linear (i.e., labor supply is infinitely elastic, ¢ — 00) is often studied in
models with endogenous production (see, for instance, Devereux and Sutherland, 2007, and 2009a - working paper
version). In this case,

B(l—a) G® ¢ _ﬂ¢z)2 UEGD

T | oD (-G - 86 %]
and whether or not G > 0 becomes the only determinant of whether or not households fully insure against idiosyncratic
productivity.
'"Inspection of equation (21) shows that (assuming w > 1) da/da < 0, da/do > 0, da/0o’cp < 0, da/dpe < 0,
504/80?ZD > 0, and da/d¢, > 0. We show in the Technical Appendix that da/0G < 0 and, for plausible parameter
values, da/9f > 0, da/dp < 0, and da/Ow > 0.
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where hats denote percentage deviations from the steady state, 'i'7tD—k1 = I},1 — Twt41, and P =

Uy — 0f. We thus have:

Anfag = %Aiﬂl - %Aﬁf’ = ciy + valy, (23)
where A denotes first difference (the change over time), and we defined ca; = aAZ2 /(1 — G) and
val; = aAdP /(1 — G). The change in net foreign assets between ¢ and t + 1 depends on portfolio
adjustment (the current account — given by the change in net foreign equity holdings in our model)
and valuation (the change in relative equity prices) in period t. Home’s net foreign asset position
improves when the share of foreign equity held by home households increases relative to the share
of home equity held by foreign households (an asset quantity effect). The net foreign asset position
worsens when the price of home equity increases relative to the price of foreign equity (an asset price
effect). As we show below, our measure of the current account as portfolio quantity adjustment
corresponds to the traditional current account in balance of payments data, comprising the income
balance and the trade balance.

To determine the roles of valuation and portfolio adjustment in net foreign asset dynamics, we
must find the solution for growth in relative equity prices, At (and thus val;), and the change in
the net foreign equity position, Aﬁvgrl (and thus cay). To accomplish this purpose, we proceed by
log-linearizing the law of motion for net foreign assets (10) to obtain:
l1—a
1-G

(0%

R 1 . . 1—a)G -
nfat+1:Enfat+mRtD+ —) tD7

P - -aop - T20% (24)

where we used dRP = dR} — dR; = <RI - Rt> /B = RP/B and d is the differentiation operator.
Next, observe that the definitions of the gross returns R; and R} imply:
RY = =Bof — (1= B)di + 97,
Therefore, substituting this and (22) into (24), we have:
1-G

. . 1-067/. 5 l—ar. . .
Awtﬂl:Tcat:T(a:?—d,P)—i— - [ytD—(l—G)CtD—GG?. (25)

First-order international portfolio adjustment (the change in net foreign equity holdings, or the

current account balance in (23), scaled by (1 — G) /a) is the sum of the income balance from the
net foreign equity position entering the current period plus the trade balance. For given net equity
position entering period ¢, an improvement in the profitability of home firms relative to foreign
firms (citD ) worsens the income balance, as it increases net payments to foreigners. As a result, it

reduces home’s accumulation of net foreign equity and, through this, net foreign assets. A trade
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surplus (72 > (1 — G) CP +GGP) induces home agents to increase their relative holdings of foreign
equity and improves the net foreign asset position.

We assume that relative productivity and government spending follow the AR(1) processes:

2P = ¢yZP + el 1>4,>0, (26)
GP = 6aGP L +e5", 1> ¢6>0, (27)

where 7 " and 5?17 are i.i.d., zero-mean innovations with bounded support.!®
We show in the Technical Appendix that the solution for the first-order portfolio adjustment
AzP is:
~D 5D AD
Alth 1 =nNapz0 2 + Narapr Gy, (28)
with elasticities na,pzp and na,pgp determined by:

_ BA-a)(1-9¢z)(w—-1)1+¢) [1_(1—6)01]7

Tacbze = a(1—Boz) (w+¢) B(1—a)
e — _GU=6)B(—0)
ArnG a(l—Bog)

Assume w > 1, ¢, < 1, and ¢ < 1 unless otherwise noted.!? Substituting the solution for « (21)
in the expression for na,pzp and rearranging shows that the elasticity of net equity adjustment to

relative productivity shocks is (strictly) positive if and only if:?

cw-1)(+9)°  _G(1-B65) 0%
(w+ )@ 1-G)(1-Bog)on

(29)

This is the same condition that ensures that o > 0, i.e., that home agents hold a positive steady-

state foreign equity balance in their portfolio. Unless otherwise noted, we assume that parameter

"8Given a symmetric, bivariate AR(1) process for Z; and Z; of the form:

)=l e ][]
Z: ¢ZZ* ¢Z ngl QZ ’

relative productivity ZP can be written as:

D
Z = (¢pg — by5-) 21 +ef .

Thus, we implicitly assume that the spillover parameter ¢, ,. is equal to 0 (or that the ¢, in (26) is actually a
mixture of persistence and spillover parameters). Similarly for G .

“Some recent studies highlight the consequences of w < 1 (for instance, Bodenstein, 2006, and Corsetti, Dedola,
and Leduc, 2008). However, the combined trade and macroeconomic evidence still leans toward w > 1 as the most
empirically relevant scenario, with w = 1 a limiting case. Consistent with standard intuition, there is no change in
net foreign equity holdings if shocks to productivity and/or government spending are permanent (¢, = 1 and/or
¢ =1). In this case, changes in equity prices are the sole source of net foreign asset adjustment.

20Gee the Technical Appendix for details.
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values are such that this condition is satisfied. This is the case under a wide range of empirically
plausible parameter values. Under condition (29), an increase in home productivity above foreign
induces home agents to increase their holdings of foreign equity (relative to foreign holdings of
home equity) to smooth consumption. In contrast, an increase in home government spending above
foreign causes a negative change in aﬁﬂl. Ceteris paribus, higher government spending causes a
trade deficit, which reduces net equity accumulation in equation (25). In general equilibrium, higher
government spending causes home consumption to fall relative to foreign (the standard crowding-
out effect of consumption in the presence of Ricardian households demonstrated by Baxter and
King, 1993) and induces home’s terms of trade to deteriorate (equation (17)). This boosts the
demand for home output and labor effort above foreign (equation (19)), and relative GDP rises
(equation (14)). The profitability of home firms improves, making home equity relatively more
attractive to foreign households for their own consumption smoothing than foreign equity is for
home households.?!»??

Turning to first-order valuation effects, the solution of the model yields:
IAJtD = nUDanfat + nypzD ZtD + n,paD G? + T}nggt, (30)

where the elasticities 7 are obtained with the method of undetermined coefficients and ét =
aRP/[8(1—@)] is an excess return shock, as in Devereux and Sutherland (2009a).23 Expres-
sions for the elasticities in equation (30) are in the Technical Appendix. The condition w > 1
is necessary and sufficient for n,p, < 0, n,0gp > 0, and 7,0, < 0. A negative elasticity of oP
to nfa; means that a larger net foreign asset position entering the current period causes a lower
value of home equity relative to foreign. The intuition for this is that a larger net foreign asset
position allows home households to sustain a given level of consumption with reduced labor effort.
The positive effect of net foreign assets on consumption reduces equilibrium employment (equation
(19)) and GDP (14) relative to foreign. Therefore, the relative profitability of home firms declines,
and so does their relative stock market price. An increase in relative government spending boosts

relative home GDP and home firms’ profits, thus causing the value of home equity to rise relative

21 The profitability of home firms improves also in response to a favorable shock to relative home productivity. The
key for the different behavior of equity holdings is the different response of relative consumption, which increases
after the productivity shock. Put differently, after a relative government spending shock, the prevailing effect is the
incentive of foreign household’s to smooth the increase in their consumption relative to home by saving in the form
of increased home equity.

*2Qufficiently high (low) persistence of fiscal (productivity) shocks, ¢ (¢,), implies that the condition (29) does
not hold. In this case, an increase in home government spending raises GDP and lowers home relative consumption
enough to result in a trade surplus and a positive change in net foreign equity holdings. An increase in home
productivity raises consumption relative to GDP enough to result in a trade deficit and a negative adjustment of net
foreign equity.

23 As shown below, Et (and therefore RP ) turns out to be a linear function of the innovations to relative productivity
and government spending with elasticities that can also be determined with the method of undetermined coefficients.
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to foreign. A higher than expected return on the net foreign portfolio allows home households to
increase their consumption. Therefore, it causes the relative price of home equity to fall for the
same reasons as a larger net foreign asset position at the beginning of the period. Finally, assuming
w > 1, the elasticity of relative equity values to the productivity differential is positive, n,pzp > 0,

if and only if:

0w+ N ¢z

plw=1)" ¢z(1-G)
This condition is satisfied for most reasonable parameter values, and it implies that an increase in
home productivity relative to foreign causes the relative value of home equity to rise by generating
higher profits for home firms.

Given the solution for relative equity price (30), it is straightforward to recover the solution
for the valuation effect on net foreign asset changes from val; = —aAdP /(1 — G). We show in the
Technical Appendix that the change in relative equity valuation Af)tD that determines this valuation
effect can be written as:

AP — s mome?® (1= B) (14 @) (@ = 1) 67 (1 = d7)
" (w+¢) (1= 5é2)

A D
ZtD—l + nAvDacDE? ) (31)

where:

« «
NAwDeZD = NyDzD + NyDeNRDZD 5=, NAyDeGD = NyDaD + NyDeNRDGD 5=+,
vPe vPZ vP ¢ RPe 5(1—G) vPe PG vPENRPe ,3(1—G)

and ngpp.zp and ngrp.ep are the elasticities of the excess return RP to relative productivity and
government spending innovations, respectively.?*

Equation (31) shows that valuation effects display persistence in response to relative produc-
tivity shocks, owing to the presence of Z£ 1 in the equation, but not in response to government
spending shocks. In particular, suppose we focus on the consequences of innovations to relative

productivity only. It is straightforward to verify that equation (31) implies:
~D ~D zb zPb
Al = ¢z A0~ + NaypezpE} + NappezDEL 1, (32)

where:

[ 1-A(+ee-1é1-dy
NAyPeZD = P zNAwPezD + W+ ) (1—Boy)

*'The expressions for the elasticities nx,p.2p, Ngp.2D, Na,p.cp, and Ngp.cp as functions of structural parame-
ters are in the Technical Appendix. Standard parameter values imply ngzp.zp < 0 and nzp.ep < 0. Since both
innovations to relative home productivity and government spending cause the profits of home firms to rise relative to
foreign, this amounts to a negative shock to the excess return on the foreign equity portfolio. The same parameter
values yield a,p.zp > 0 and na,p.ap > 0. Positive innovations to relative productivity and government spending
cause growth in the relative value of home equity by inducing higher profits for home firms.
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Equation (32) shows that valuation effects follow an ARM A(1,1) process in response to relative
productivity shocks.?%:26 In contrast, when we focus on the consequences of relative government
spending shocks, it is apparent from (31) that valuation effects are tied to i.i.d. innovations and
thus display no persistence. The intuition for these results is straightforward from equation (14)
for the cross-country GDP ratio. Since dividends are a constant fraction of GDP in each country,
the same equation determines relative dividends. Therefore, in response to government spending
shocks, the response of the dividend ratio is proportional to that of relative consumption. Since
relative consumption is such that C’P = EtCA’t]il, it follows that relative dividends respond to a
government spending shock in similar random walk fashion — with a permanent upward or downward
jump, depending on the direction of the shock. With relative equity prices determined by the
expected, discounted path of relative dividends, it follows that the valuation effect in response to a
relative government spending shock is limited to the impact of the i.i.d. innovation EtGD. Instead,
productivity shocks that alter the effectiveness of labor induce adjustment of relative labor effort
and GDP over time, resulting in dynamics of valuation that unfold beyond the impact of the initial
innovation.?”

The results above on net foreign equity adjustment and valuation dynamics contribute to a
growing literature on international portfolios and valuation effects, some of which we reviewed in
the Introduction. Most recently, Devereux and Sutherland (2009b) apply the solution technique
developed in their work and in Tille and van Wincoop (2008) — and used also in this paper — to
the analysis of valuation effects and portfolio adjustment in net foreign asset dynamics. In their
paper, as in other studies, equation (24) is the starting point for theoretical analysis. Since log-
linearization of (10) implies that there is no role for time-variation of the portfolio a; in equation
(24), a conclusion of this work is that portfolio adjustment operates only at the level of second- (and
higher-) order approximation of the law of motion for net foreign assets. Moreover, Devereux and

Sutherland define the valuation channel as the effect of the excess return term RP in equation (24)

?5Standard parameter values imply Naypezb < 0. A positive innovation to relative productivity at ¢ — 1 results in
negative equity price growth at ¢t as the relative value of home equity returns toward the steady state.

*Note that, to obtain equation (32), we are not assuming that EtGD = 0 in all periods, or that UiGD = 0. This
would imply o = (1 —a) / (1 — ) in equation (21) and therefore the complete markets allocation. Our assumption
is that there is no realization of relative government spending innovations over the time horizon to which equation
(32) applies. Under this assumption, equation (32) correctly determines the impulse responses to relative productivity
innovations.

27 As noted in the Introduction, the precise analytical form of these results (and those below) hinges on the absence
of a stationarity inducing device, such as a cost of adjusting net foreign assets, from the model. Introducing such
a device would remove the random walk property of relative consumption, implying that — for instance — valuation
effects in response to government spending would no longer be tied only to i.i.d. innovations. However, the presence
of a stationarity inducing mechanism of the type commonly used in the literature would complicate the analysis
without adding significant content to the main points of this paper. Moreover, plausible calibrations of such devices
would produce impulse responses that would not differ significantly from those of the benchmark scenario with no
device, except for reversion to the initial steady state over the very long horizon.
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rather than the relative equity price growth in (23).2® A conclusion that follows is that first-order

valuation effects are purely unanticipated, as it is possible to verify that:

p-G)

A ~ D D
RP = =28, = npoewe!” +nppeonel’” (33)

Since the excess return on the foreign equity portfolio is a function only of innovations to relative
productivity and government spending, it follows from this approach that first-order valuation is
purely temporary and unanticipated.

However, these conclusions rest on taking equation (10) (or its log-linear counterpart (24))
as the starting point for theoretical analysis without separating asset prices and quantities in the
definition of net foreign assets. As our results above show, when this separation is introduced — and
the portfolio is taken to be the quantity of net foreign equity holdings —, it is possible to solve for the
first-order dynamics of portfolio adjustment — the term AitDﬂ in (23) — and the valuation term in
the same equation without restricting attention to RP as the source of first-order valuation effects.
It is thus possible to characterize portfolio adjustment effects on net foreign asset dynamics without
necessarily having to combine a third-order approximation of portfolio optimality conditions with
a second-order approximation of the rest of the model. Moreover, as shown in equation (25), our
definition of portfolio adjustment corresponds to the current account as conventionally measured in
balance of payments statistics, thereby implying that our definition of valuation also corresponds
to the conventional measure of valuation as difference between net foreign asset changes and the
current account. In contrast, as noted by Devereux and Sutherland (2009b), their definitions of
portfolio adjustment and valuation are better suited for exploring the role of excess returns in
higher orders of approximation.

With our definition of valuation as capital gains or losses on asset positions, it is only in
response to relative government spending shocks that the optimizing behavior of Ricardian house-
holds restricts the first-order valuation channel to an i.i.d., fully unanticipated effect (with the
implication — explored below — that all of net foreign asset dynamics in the periods after impact
are generated by portfolio adjustment). If a relative productivity shock takes place at time ¢, its
contemporaneous impact on val; is unanticipated (from the perspective of ¢ — 1), but the entire
path of val; generated by the ARM A(1,1) process obtained above in all the following periods is

fully anticipated from the perspective of time ¢.2 Importantly, our conclusions do not hinge on

28 Note, however, that Devereux and Sutherland measure valuation effects empirically by using an equation of the
form Anfasiy1 = car + vals, using data on net foreign assets and the current account to back out valuation.

29Tf valuation effects are identified with excess returns, predictable effects arise only when we solve the model with
higher-order approximation (at least third-order approximation of the portfolio optimality conditions and second-
order approximation of the rest of the model). However, Devereux and Sutherland (2009b) show that the contribution
of these higher-order terms to valuation effects is minuscule for reasonable calibrations of risk aversion and shock
processes — another manifestation of equity-premium-type problems in this class of models, since higher-order ap-
proximation is precisely intended to capture the effects of risk premia.
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the restriction that only two assets (home and foreign equity) are traded in our model. If a larger
menu of assets were traded, our approach would still make it possible to solve for the first-order
adjustment of the combined net foreign portfolio position and a valuation term that comprises the
cross-country, relative prices of the multiple assets that are traded.

To evaluate the relative importance of valuation and the current account in net foreign asset
dynamics in our model, we can define the shares of valuation and the current account in net foreign

asset changes as:

-1 —17 1
i Az i Az
vals = 4 _ (4~ “:”1 L caaS=—22% |1 wt“ L (34)
Adp Anfaii Adp

Note that val + cay = 1, but valf and cay are not constrained to being between 0 and 1. For
instance, a more than proportional contribution of valuation can offset a negative share of the
current account in a given increase in net foreign assets.?? Equations (28) and (31) can be used in
conjunction with (34) to find analytical solutions for the shares of valuation and portfolio adjust-
ment in net foreign asset changes following innovations to relative productivity and government
spending.

Focus first on the case of relative productivity. Assume that the innovation 50 = 1 takes
place at time ¢t = 0, with no other innovation in the following periods. Then, it is possible to verify
that:

-1

-1
1 —
vals — <1 B UAMZD) and vl = |14 —1asPzP W+ (- Bz ’
N AwDezD (1=8)A+¢)(w—1)(1—-¢z)
with caf = 1 —valy. Importantly, the share of valuation is constant, and thus fully anticipated
from the perspective of time 0, in all periods following the impact period. To understand this
result, note that the solution for portfolio adjustment in equation (28) and our assumption on the

relative productivity process imply:

~ a3 D
AzPy — AP = —npagpgo (L= ¢2) ZP | + nagogoel

in response to relative productivity innovations. Given an innovation 6OZD =1 at time t = O,
followed by no other innovation, this equation and the lagged version of (28) imply Aﬁ:gl = ¢ AP

in all periods ¢t > 1. International portfolio adjustment is such that growth in net foreign equity

30 Absent government spending shocks, the asset market is complete, and households achieve perfect insurance
against idiosyncratic productivity shocks with Az, = 0, and valf = 1. (It is easy to see that na,p,p = 0 when

=pB(1—a)/(1—p), implying AzZ; =0, or 2, = 2L = 0, given the initial condition #° = 0 at the time of a
shock.) The same result arises if there are government spending shocks but steady-state government spending is zero
or if labor supply is inelastic (regardless of government spending), for the reasons discussed above.
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is returning to the steady state at a rate ¢, in all periods following the impact realization of
a relative productivity shock. The ARMA (1,1) equation for relative equity price growth in
response to productivity shocks, equation (32), implies Ad = ¢ ZAﬁtlZ ; in all periods ¢ > 2. Given
the definition of valuation and current account shares in (34), it follows that these shares remain
constant in all periods ¢ > 1 at the level they reach in period ¢t = 1.3

When we focus on innovations to government spending, the process for valuation reduces to
AP = na,pocped " In this case, the valuation channel reduces to the fully unanticipated, impact
effect of government spending innovations. Given an innovation 50GD = 1 at time t = 0, with
no other innovation in the following periods, val§ = (1 — na,pap /Maypecp) *, and vdleI = 0:32
Following government spending innovations, portfolio adjustment is fully responsible for net foreign
asset changes in all periods ¢ > 1. As for the result on the valuation process above, the intuition for
these results hinges on the determination of relative GDP in equation (14). Absent productivity
innovations, relative GDP is proportional to the consumption differential. Since the model is such
that CP = Etégl, it follows that relative GDP remains constant in all periods ¢t > 0 at the level it
reaches on impact when there are innovations to relative government spending — regardless of the
persistence ¢ of the government spending process.®® Since dividends are proportional to GDP,
this implies that relative dividends immediately jump to a new, constant level upon realization
of 60GD = 1, and so does relative equity valuation 9. By implication, A9 responds only to the
innovation on impact, and it is zero in all the following periods, so that net foreign asset adjustment
for t > 1 is performed entirely by portfolio adjustment. Regardless of the persistence of government
spending, Ricardian agents that fully anticipate the path of spending (and therefore taxation) upon
realization of an innovation, immediately adjust both consumption and labor effort to fully smooth
the country-specific component of their dynamics over time. The instantaneous and permanent
adjustment of relative labor effort does not happen in response to relative productivity innovations
that alter the effectiveness of labor over time, and thus result in persistent dynamics of relative

equity valuation.

3.2 Valuation, Portfolio Adjustment, and Macroeconomic Dynamics

Much of the debate on the importance of valuation effects in the literature has focused on their

role for net foreign asset dynamics, with comparatively less attention in academic research to the

31'We show in the Technical Appendix that avdlg/aw < 0 for plausible parameter values. Moreover, it is straight-
forward to verify that valis, = (1 — 8) o/ [8 (1 — a)]. Hence, assuming w > 1 and using the results on the steady-state
portfolio a, we have: 81}&1521/50 >0, 81}&1521/8U§GD <0, (%dlel/a(bG <0, 8@&[?21/80525) >0, 81}&[?21/8¢Z >0,
Owal,, /0G < 0, dvalk, /98 > 0, dvals,/dp < 0, and dvalss, /0w > 0, where the last three results hold for
plausible parameter values. - -

32We show in the Technical Appendix that Bvdlg/aw > 0 under plausible assumptions.

¥ Equations (17)-(19) imply that the same is true for the terms of trade, relative wage, and relative labor effort.
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role of valuation for macroeconomic dynamics.>* Nevertheless, understanding the role of valuation
effects for macroeconomic dynamics during external adjustment is necessary to answer questions
with potentially important policy implications: How do changes in international asset valuation
affect macroeconomic aggregates such as consumption, employment, and output? What is the role
of valuation in international risk sharing? Our approach allows us to address these questions.

For instance, consider the solution for the cross-country consumption differential:
CP =nepanfar +neozo 20 +nepap G + ek, (35)

The condition w > 1 is sufficient for neo, > 0, nepgpr < 0, and nepe > 0; it is necessary
and sufficient for nopyp > 0.3° This equation makes it possible to disentangle the first-order
contributions of valuation and portfolio rebalancing to relative consumption via their effects on
net foreign assets, and the direct contribution of the excess return from holding foreign equity. In

particular, first-differencing equation (35) yields:

ACP = nepuAnfay+nop 0 AZP +nepap AGP + UcDgAét
= NepaCii-1 + Nepgvali1 +Nep g0 AZP + 1opap AGP + nope A,

where we used (23). Consumption growth between periods ¢ — 1 and ¢ depends on the current
account and valuation at ¢ — 1, as well as on growth in productivity, government spending, and
excess returns in period ¢.*% Note that, given ca; = aAZP /(1 — G) and equation (25), we can
further decompose the contribution of portfolio adjustment at ¢ — 1 to consumption growth in
period t between the contributions of income and trade balances. Similar decompositions can be
performed for relative labor effort, GDP, and other endogenous variables.?”

Continuing to focus on the consumption differential, note that home and foreign households in
our model economy trade assets to share risks and accomplish their desired degree of consumption
smoothing. The extent to which households are successful in their risk sharing is measured by the
extent to which the consumption differential deviates from zero in response to idiosyncratic shocks.
Moreover, optimal consumption smoothing in our model implies that the consumption differential

will remain constant in all periods after the impact one at the level it reaches on impact, as implied

34 Benigno (2009) and Tille (2008) address the role of unanticipated valuation effects for welfare in perfect foresight
models with exogenous portfolios. Some numerical results on the role of valuation in risk sharing are in Devereux
and Sutherland (2009b). Gourinchas and Rey (2007a) relate valuation effects and exchange rate predictability.

35GQee the Technical Appendix for details.

30Gince we are decomposing the state-space solution for consumption growth, the items at the right-hand side of
the equation are exogenous to the left-hand side, allowing us to determine their contributions to consumption growth.

37The solution for country-level variables is a linear combination of the solutions for the world aggregate and the
cross-country differential. World aggregates are unaffected by the current account and valuation effects when steady-
state net foreign assets are zero. Hence, focusing on cross country differentials is sufficient to evaluate the roles of
valuation and the current account for macroeconomic dynamics.
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by the condition C’tD = EtCA’t]il. It follows that, if there is an unexpected shock at time ¢ = 0, the
extent to which risk sharing is successful is measured by C’éj = NoDzD Zéj + ngpgp G’OD + nep 550,
and the contributions of valuation and the current account to consumption dynamics and risk
sharing in all subsequent periods are measured by how these channels contribute to keeping relative
consumption constant at that level — or relative consumption growth at zero — for ¢ > 1.

Consider for instance the consequences of a positive innovation to relative productivity at time
t=0: 5gD =1 and 5tZZDl =0. Itis AZP = 1. If w > 1 (and thus ncpzp > 0), the favorable

0.3% The positive

innovation directly causes home consumption to increase above foreign in period
productivity innovation results in a negative shock to the excess return on foreign equity RtD by
improving the profitability of home firms and increasing their share price relative to foreign firms
(recall that npp.zp < 0 in equation (33) for plausible parameter values). This negative excess
return effect dampens the increase in relative consumption on impact (since Nepe > 0), positively
contributing to risk sharing.

In all subsequent periods, since AZtD = — (1 —¢y) ZP, for all t > 1, the path of relative pro-
ductivity would generate negative relative consumption growth (as long as ¢, < 1). Consumption
growth in period 1 is kept at zero by the effects of Aé 1= —éo > 0, the current account in period 0
(a surplus, as home households used part of their increased income to buy additional shares in for-
eign firms), and the valuation effect in that period (which was negative as the price of home shares
rose relative to foreign). Given nop, > 0 (an improved foreign asset position makes it possible to
sustain higher consumption), valuation contributes negatively to consumption growth in period 1,
reinforcing the effect of the productivity differential. It is the combination of time-0 current account
surplus and the reversal of the excess return shock that keeps consumption growth at zero at ¢t = 1.
However, in all the following periods, there is no more excess return effect (AétZQ = 0), and the
effect of the valuation term becomes positive as the relative equity price 9 decreases toward the
steady state after the impact increase at time 0. Current account surplus and valuation combine
to offset the direct effect of productivity growth, keeping consumption growth at zero in all periods
from ¢t = 2 on.?’

Focus next on the effects of a positive innovation to relative government spending at time ¢ = 0:
5€D =1 and EtG;; = 0. The optimal behavior of Ricardian households implies a negative direct
effect of the Shogk on consumption growth on impact (if w > 1, ngpgp < 0). This is amplified by

the negative excess return shock generated by the government spending innovation (since 7-p ¢>0

3¥We are implicitly assuming a scenario in which market incompleteness “bites.”

39For plausible parameter values, a positive relative productivity shock causes trade surplus, but income balance
deficit by increasing relative dividend payments to foreigners. Thus, the positive contribution of the current account
to consumption growth is the result of a larger contribution of the trade balance than the income balance. If the
productivity shock is permanent (¢, = 1), positive trade balance and negative income balance exactly offset each
other to deliver a zero current account.
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and npo.ep < 0 in equation (33)). Relative consumption growth is zero in all periods ¢ > 1. In
period 1, as relative government spending is returning to the steady state (assuming ¢o < 1),
the direct contribution of government spending growth to consumption growth is positive, and so
is the contribution from the reversal of the excess return shock. Relative consumption growth is
kept at zero by the contributions of current account deficit and negative valuation effect in period
0. In particular, it is possible to verify that nop,valy = —ncDgAép so that the contribution of
the valuation channel in period 0 to consumption growth in period 1 fully offsets that of excess
returns. It follows that nop,cao = —nepagp Aé? : Given a zero impact on consumption growth of
the combined valuation and excess return effects, it is the portfolio adjustment performed in period
0 that fully offsets the direct impact of government spending on consumption growth in period 1.
This role of portfolio adjustment continues in the following periods (¢ > 2), when there is no excess
return or valuation effect (for the reasons discussed above), and it is nop,cai—1 = —Ncpgp AG‘P A0

In the next section, we substantiate the intuitions and results of this section, and evaluate the

relative importance of different effects, by means of numerical examples.

4 The Valuation Channel at Work

In this section, we present impulse responses to productivity and government spending shocks that
illustrate the functioning of the channels explored analytically in Section 3. We begin by presenting

our choice of parameter values for the exercise.

4.1 Calibration

We use standard parameter values from the literature. We assume that home and foreign have
equal size (a = .5). We interpret periods as quarters and set the households’ discount factor S to
the standard value of .99. The elasticity of intertemporal substitution in utility from consumption is
o = .5, implying the conventional value of 2 for relative risk aversion. The Frisch elasticity of labor
supply is ¢ = 4 to mimic King and Rebelo’s (1999) benchmark calibration.*! We set the elasticity
of substitution between individual goods produced in each country to 8 = 6, following Rotemberg
and Woodford (1992) and several studies since. This implies a 20 percent markup of price over

marginal cost. The elasticity of substitution between home and foreign goods is w = 2. Studies

19Djifferent from the case of productivity shocks, plausible parameter values imply that a positive shock to relative
government spending subject to condition (29) pushes both the trade balance and the income balance in the same
(negative) direction. In the case of a permanent fiscal shock (¢o = 1), the current account is zero in all periods, and
the trade balance is positive.

*'The period utility function is defined over leisure (1 — L) in King and Rebelo (1999), where the endowment of
time in each period is normalized to 1. The elasticity of labor supply is then the risk aversion to variations in leisure
(set to 1 in their benchmark calibration) multiplied by (1 — L)/L, where L is steady-state effort, calibrated to 1/5.
This yields ¢ = 4 in our specification.
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based on macroeconomic data since Backus, Kehoe, and Kydland (1994) calibrate or estimate this
parameter in the neighborhood of 1.5. The trade evidence from disaggregated data points to values
as high as 12 (for instance, see Lai and Trefler, 2002, and references therein). Ravn, Schmitt-Grohé,
and Uribe (2007) report a 20 percent mean value of the observed share of government spending in
GDP for the U.S., UK, Canada, and Australia between 1975:Q1-2005:Q4. Thus, we set G = .2.42
For the relative productivity process, we assume persistence ¢, = .95, well within the range of
values in the international real business cycle literature.*> The variance of relative productivity
innovations is ng p =2 (ng — Uszgz*), where O‘?Z is the variance of home and foreign productivity
innovations, assumed equal across countries, and o_z.z+ is the covariance. Since Backus, Kehoe,
and Kydland (1992), 02, = .73 and 0,72« = .19 (both in percentage terms) are standard values in
the literature, implying O'?ZD = 1.08. For government spending, Schmitt-Grohé and Uribe (2006)
estimate ¢, = .87 and O’?G = 2.56 percent for the U.S., 1947:Q1-2004:Q3. For simplicity, we
use their estimate of ¢, for the persistence of relative government spending and set a?G p =5.12
(thus assuming zero spillovers in government spending and zero covariance of government spending

innovations across countries).

4.2 A Productivity Shock

Figure 1 presents impulse responses to a one-percent relative productivity innovation at time ¢ = 0.
In each panel (and in the figures that follow), time is on the horizontal axis and the responses of
variables (percentage deviations from the steady state) are measured on the primary vertical axis
unless otherwise noted below. Responses are scaled so that, for instance, .3 denotes .3 percent
rather than 30 percent. Panel (a) shows the responses of standard macroeconomic aggregates and
the terms of trade: The shock raises domestic GDP above foreign, improves the relative profitability
of home firms, and causes the terms of trade to deteriorate by increasing the supply of home goods.
The net foreign asset position worsens. Faced with lower relative purchasing power, increased
demand for home output, and a deteriorated asset position for several periods, home households
increase their supply of labor relative to foreign households, and higher relative income results
in a positive consumption differential relative to the foreign country (measured on the secondary
vertical axis). Note that the net foreign asset position worsens in the short to medium run, but it

improves in the long run.*!

42Recall that, in our model, appropriate normalization of the weight of labor disutility x ensures that steady-state
GDP is 1, so that G is both steady-state government spending and the steady-state share of government spending in
GDP.

3 We follow Baxter (1995) and assume zero productivity spillovers.

44The improved long-run net foreign asset position causes home households to reduce their labor supply relative to
foreign households in the long run. In turn, this implies that the GDP and dividend differentials converge to slightly
negative levels, and so does the equity price differential (panel (b)). If we introduced a stationarity inducing device
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To understand the response of net foreign assets, panel (b) decomposes the response of net
foreign assets between the responses of relative equity prices and net foreign equity holdings, and it
presents the response of the excess return shock ét (csi in the figure). Improved relative profitability
of home firms causes relative equity prices (measured on the secondary vertical axis) to rise above
the steady state, but higher relative home dividends and equity prices translate into a negative
excess return shock. Higher income induces home households to increase their net holdings of
foreign equity (measured on the secondary vertical axis) to smooth consumption. It is the change
in relative equity valuation that is therefore responsible for the initial deterioration in home’s net
foreign assets.

Panel (c) further clarifies this point by decomposing the change in nfa;y; into its valuation
and current account components. The current account (measured on the secondary vertical axis)
improves as the home country runs a surplus and home households purchase shares in foreign firms,
but holdings of foreign equity lose value relative to home equity, and this ultimately determines
the negative change in net foreign assets between periods 0 and 1. As the relative equity price
differential shrinks (panel (b)), val; becomes positive, combining with ca; to deliver positive (but
progressively smaller) net foreign asset changes that bring the net foreign asset position to its new,
improved long-run level.

Finally, panel (d) decomposes the response of portfolio adjustment, Ai‘ﬁl (proportional to
the response of the current account), between those of trade balance and income balance. The
home country runs a trade surplus, consistent with its output having become relatively cheaper,
but the income balance worsens, as home is receiving relatively less income from its net holdings
of foreign equity due to the increase in the relative profitability of home firms. Consistent with a
standard consumption smoothing argument, the trade balance more than offsets the income balance
to determine first-order portfolio adjustment in favor of increased holdings of foreign equity.

What are the shares of valuation and the current account in net foreign asset adjustment?
Using the solution obtained in Section 3, in the impact period of the shock, valy = 1.0056 and
cay = —.0056. In all following period, valZ, = .9162 and ca, = .0838. Capital gains or
losses represent the main portion of net forei:gn asset movements._ This is not surprising, since
the equilibrium allocation comes very close to the complete markets outcome (the consumption
differential is very small), and changes in asset prices would be the sole source of net foreign asset
movements in response to productivity shocks in that case.

It is also possible to quantify the difference between the first-order valuation effect identified
by Devereux and Sutherland (2009b) with £, and the valuation effect val; = —aAsP/ (1 — G) by

considering the difference between these two expressions. Using RP = —goP — (1 — j) thD + o2 4,

in the model, net foreign assets would return to zero in the long run.
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this difference is equal to a (1 — ) (citD — P 1) /(1 —@G). For comparison, Figure 2 plots the
responses of valy, ét, and their difference (valﬁi ffr =val— Et, measured on the secondary vertical
axis). A non-negligible difference is evident at least for four years after the shock, and it captures
the effect of persistent relative equity price dynamics on net foreign assets that is not captured by
a first-order measure of valuation based on excess returns.*’

Figure 3 illustrates our results on the contributions of excess returns, valuation, and portfolio
adjustment to macroeconomic dynamics and risk sharing. Panel (a) decomposes relative consump-
tion growth (DCD), which is positive in the impact period and zero in all following periods, between
its determinants.’® As explained in Section 3, the impact response of relative consumption growth
directly caused by productivity growth (DCDZDy = nep zp AZ(? > () is dampened by the effect
of the excess return movement (DC Dcsig = ncpgAéo < 0). In period 1, DC Dvaly = nep,valy < 0
would reinforce the direct negative effect of a now negative relative productivity growth on relative
consumption growth, but these effects are offset by positive contributions from the current account
(DCDcay = negp,eap > 0, measured on the secondary vertical axis) and the reversal of excess
return growth (DCDecsiy = —UcDgﬁéo > 0). In all following periods, portfolio adjustment and
valuation contribute in the same direction to offsetting the negative direct impact of the change
in relative productivity and to keeping the consumption differential constant. Quantitatively, the
contribution of valuation is roughly an order of magnitude larger than that of the current account
in all periods that follow the impact period. As in the case of the determinants of net foreign asset
changes, this is in line with the economy’s small departure from the complete markets outcome.

For completeness of illustration, panel (b) decomposes the contribution of the current account
between the income balance and the trade balance. Consistent with the fact that home runs a
trade balance surplus but faces a worsened income balance, the former contributes positively to

relative consumption growth, and the latter contributes negatively.

*Devereux and Sutherland (2009b) document little persistence of valuation in the data, which ét obviously matches.
Even if val; displays dynamics that unfold over time, we conjecture that the reversal of its movement between the
impact period of a shock and the following period, and the difference in amplitude between impact response and
the remainder of the path, would be consistent with a small first-order autocorrelation if we were to introduce a
stationarity inducing device and compute the second moment properties of our model. Devereux and Sutherland also
document a negative correlation of valuation with GDP and the current account, matched by the excess return ét.
This is reproduced by wal: on impact, which suggests negative contemporaneous correlation also for this measure of
valuation. Valuation, the current account, and GDP are all above the steady state in subsequent periods, but it is
not clear that this would more than offset the impact response in the determination of unconditional correlations.

16GQimilar exercises can be performed for all endogenous variables in the model, disentangling the contributions of
excess returns, valuation, and portfolio adjustment to their dynamics. Results are available on request.
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4.3 A Government Spending Shock

Figure 4 replicates Figure 1 for the case of a one-percent relative government spending innovation.
In panel (a), relative GDP, labor effort, and the terms of trade all jump immediately to their
new long-run levels, and net foreign assets deteriorate in the short and in the long run. Negative
wealth effects and larger output demand induce home households to increase their labor supply
above foreign, but relative consumption (measured on the secondary vertical axis) falls, as implied
by Ricardian household behavior. The deterioration of net foreign assets is the outcome of both a
negative valuation effect and a reduction in net foreign equity holdings. Permanently higher relative
equity prices (panel (b), secondary vertical axis) and dividends (panel (a)) imply a negative excess
return shock (panel (b)) and a negative time-0 valuation effect on the change in net foreign assets
between periods 0 and 1 (panel (c)). Since relative equity prices are constant, valuation does not
contribute to net foreign asset dynamics in the following periods. Home households reduce their
relative holdings of foreign equity in an effort to sustain consumption, while foreign households
increase their relative holdings of more profitable home firms, and home runs a current account
deficit (panels (b) and (c), secondary vertical axis). The change in net foreign assets is therefore
negative, though progressively smaller, throughout the transition to the new steady state. Trade
deficit and a worsened income balance initially combine to determine portfolio adjustment away
from net foreign equity. Trade turns into surplus in the latter portion of the transition to offset
a permanently worse income balance and bring the current account to zero. Consistent with the
analytical results in Section 3, val§ = .9116 and cdg = .0884, vdltSZl =0 and c&tSZl = 1. Although
valuation is responsible for the majority of the initial movement in net foreign assets, this is entirely
determined by portfolio adjustment in all the following periods. Intuitively, the difference between
val; and ét is zero for all t > 0, and it turns out to be positive but very small (.012) on impact.*”

Panel (a) of Figure 5 illustrates the determinants of consumption growth and risk sharing in
response to government spending shocks. The initial, negative consumption growth is the result of
unfavorable excess return compounding the direct effect of government spending. In period 1, the
reversal of excess return growth would compound the direct government spending growth effect to
generate positive consumption growth, but this is offset by negative consumption growth effects of
both valuation and the current account (measured on the secondary vertical axis). As explained in
Section 3, valuation fully offsets the effect of the excess return reversal, and portfolio adjustment
absorbs the direct effect of relative government spending. In all subsequent periods, there is no
more valuation or excess return effect, and the current account is fully responsible for offsetting

the impact of government spending growth. As in Figure 3, panel (b) decomposes the contribution

"We omit the figure.
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of the current account between trade balance and income balance. Consistent with the dynamics
of these variables in Figure 1, the contribution of trade balance growth to consumption growth
becomes positive after approximately four years to bring the overall contribution of the current

account back toward zero.*8

5 Conclusions

We studied the role of valuation effects — capital gains or losses on international asset positions —
and the current account for net foreign asset dynamics and consumption risk sharing in response to
country-specific shocks in a two-country, dynamic, stochastic, general equilibrium, portfolio model
with international trade in equity. We showed that separation of asset prices and quantities in the
definition of net foreign assets makes it possible to characterize the first-order dynamics of both
the valuation channel and international equity holdings by means of a first-order approximation
of the non-portfolio equilibrium conditions of the model and a second-order approximation of the
portfolio optimality conditions. Consistent with the literature, excess returns on foreign assets are
i.i.d. and unanticipated in our model. However, capital gains or losses in response to shocks feature
persistent, anticipated dynamics that feed into net foreign asset dynamics over time depending on
parameter values and the nature of the shocks. While valuation is the most important determinant
of net foreign asset changes in response to productivity shocks in our model, portfolio adjustment
is responsible for all net foreign asset movements but the initial one in response to government
spending shocks.

The separation of prices and quantities in net foreign assets also enables us to fully characterize
the role of capital gains and losses versus first-order adjustment of international portfolios in the
dynamics of macroeconomic aggregates. We showed analytically how excess returns, capital gains,
and portfolio adjustment contribute to consumption risk sharing when asset markets are incomplete
by dampening (or amplifying) the impact response of the cross-country consumption differential to
shocks and keeping it constant in subsequent periods.

By focusing on a relatively stylized model, we obtained a set of analytical results and intuitions
that provide guidance for the analysis of richer, quantitative models with a wider array of shocks,
assets, and frictions. We view the extension of our analysis to such models as a fruitful area for

future research.

48 The results for both productivity and government spending shocks are similar for several alternative plausible
combinations of values for the parameters of the model. Figures for alternative parametrizations are available on
request.
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Figure 1. Impulse Responses, Productivity Shock
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Figure 2. Comparison of Valuation Measures, Productivity Shock
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Figure 3. Valuation, the Current Account, and Risk Sharing, Productivity Shock




(a) Macroeconomic Aggregates and the Terms of Trade, G Shock

(b) Relative Asset Positions, Excess Return, and Equity Prices, G Shock
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Figure 4. Impulse Responses, Government Spending Shock
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The Valuation Channel of External Adjustment
Technical Appendix
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A  Model Details

A.1 Households and Governments

Let V7 (V") denote the nominal price of shares in home (foreign) firm z (z*) during period t,
D7 (D7") denote nominal dividends issued by the firm, and z7,; (27, ) denote the representative
household’s holdings of shares in home firm z (foreign firm z*) entering period ¢ + 1. The budget

constraint of the representative home household is:
a 1 . .
/ Wz$f+1dz + 575/ ‘/tz $§+1d2’* + PtCt + Ptﬂ
0 a
a 1
— / (VZ + Di) xidz + & / (Vf* - Df*) xi dz* + WLy, (36)
0 a

where T} is lump-sum taxation, & is the nominal exchange rate (units of home currency per unit
of foreign), and W, is the nominal wage. The foreign household’s budget constraint is similar.
Equation (1) follows from (36) by imposing the balanced budget constraint of the government
(T; = Gy, where Gy is aggregate per capita home government spending), symmetry of firm behavior
in equilibrium (implying equal share prices and dividends across firms in each country), dividing by

the price level and denoting real variables by lower case letters, and using PPP and the following

definitions:
a
/ r{ 1dz = axj ;=441 = share of home equity held by the representative home household,
0
1
/ xfildz* = (1-a) xfil =z, = share of foreign equity held by the representative home household.
a

Equation (2) follows similarly from the foreign household’s budget constraint, defining:

a
/ x5 1dz = axf, ;= T«q1 = share of home equity held by the representative foreign household,
0

1
/ xZ dz* = (1—a)xZ,, =%, = share of foreign equity held by the representative foreign household.
a
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A.2 Firms

Home firm z produces output with linear technology using labor as the only input:
Y;‘/SZ = Zt fa

where Z; is aggregate home productivity.

Home firm z faces demand for its output given by:

D pi(2)\ " (P w 0 0—w W

voe— (BE) () N = e (rR) Y
Py Py

where RP? = p;(z)/ P, is the price of good z in units of the world consumption basket, RP;, = Py /P,

is the price of the home sub-basket of goods in units of the world consumption basket, and ¥}V is

aggregate world demand of the consumption basket.

Firm profit maximization results in the pricing equation:

0 Wt
RPf = ———.
Lo-12
Since RPf = RP; at an optimum, labor demand is determined by

YW
Li = Ly = RP;“——.

B Model Solution

We solve the model by using the technique developed by Devereux and Sutherland (2009) and Tille
and van Wincoop (2008). The technique combines a second-order approximation of the portfolio
optimality conditions with first-order approximation of the rest of the model to obtain the optimal
steady-state portfolio composition. Since we impose no cost of adjusting the net foreign asset
position or other stationarity inducing device for transparency of results, there is no restriction
in the model to pin down endogenously the steady-state level of overall net foreign assets. As
customary in this situation, we assume an initial, symmetric steady state with zero net foreign
assets. In this steady state, RP = RP* =1, and y = y* = L = L* = 1 by appropriate choice of x.
With nfa = 0and RP = 0, it follows immediately that steady-state consumption is C = C* = 1—-G.
Income distribution is such that: d = d* = 1/0 and wL = w*L* = w = w* = (0 — 1) /6. Hence,
Euler equations for equity holdings imply v = v* = 3/[(1 — () §].
Now, log-linearizing (10) around the symmetric steady state with zero net foreign assets, we
have:
1

A N A l1—a A
”fat+1=Bﬂfat+§t+ P—(1-a)CP -

- (1-a)G
—1—Gyt 1~

~D
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where:
A o

="
T B1-0)
From equation (14), it follows that GDP and consumption differentials are related by:

RP.

P I+o)w=1,p ew-1) - p

p = w—th —mct : (38)
Hence, (37) becomes:
. 1. . 1.
nfag = anat-l-ft-F 4 (f%éi?ﬁfo) )ZtD
_ A —a)G 2
—(l-a) i+ a(ﬁ(g) (;)+ 516 %G?' (39)

Log-linear versions of Euler equations for home and foreign consumption imply that the con-
sumption differential is such that:
ECE, =CP. (40)

Since we are introducing no adjustment cost in net foreign assets or other stationarity-inducing
device, the consumption differential is subject to familiar random walk behavior.
Equations (39) and (40) have solution:

CP = neoanfa+neo o ZP +neoapGP + noves, (41)
nfat+1 = Tlfat + NazD ZtD + NaGP G? + nagfta (42)

where we guess that the elasticity of net foreign assets entering ¢ + 1 to net foreign assets at the
start of period t is n,, = 1 because the model features no mechanism to generate stationarity of
net foreign assets. (A convex cost of adjusting net foreign assets, or other stationarity-inducing
devices, would pin down a unique, deterministic steady-state level of net foreign assets by making
expected growth of the marginal utility of consumption a function of net foreign assets in the Euler
equations. This would also imply 0 < 7n,, < 1, ensuring stationary net foreign asset dynamics in
response to temporary shocks. See Ghironi, 2006, for more details.)

The elasticities 1 in (41) and (42) can be obtained with the method of undetermined coeffi-
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cients. This yields:
c(1-p1-G)(w+v)

TePa = B -a)e(l-G) (@ +e) +pw-1)]
gy o(1—8)(w—1)(1+¢)

s (1-Boz)[c(1-G)(w+¢)+pw-1)]
noven = — c(1-p)Gw+y)

(1=Boc)[c(1-G)(w+p)+¢w-1)

peme — c(1-8)(1-Q)(w+y)

T T-a(l-Gwte) tew-1
y oy BU=6) (- w-1)(1+y)

az T-Bo)(1-C)(w+ey)

noon = B —-9¢c)G(1—a)

aG (1—Boc)(1—G) '

Nae = B.

Now, log-linearizing the Euler equations for holdings of home and foreign shares in each country

and taking the difference yields:
0 = By |Bof + (1= B)d4] - (43)

Recall that income distribution with Dixit-Stiglitz preferences is such that dividends are a propor-

tion 1/0 of GDP in each country. Therefore, d;/df = y+/y;, and equation (38) determines also the

dividend differential in log-linear form. It follows that:

¢Z(1—5)(1+¢)(W—1)th_‘P(W—l)(l—ﬁ)éf)‘ (44)
w+p o(w+)

The solution for 9 then takes the form in equation (30). Substituting the guess (30) and

of = BEy[] Vg1 +

its ¢t + 1 version into (44), using the solutions for C’t and n fat+1, and applying the method of

undetermined coefficients yields the elasticities in (30):

plw-1)(1A=-p01-G)

TP Bl-a)o(l-G)(w+e) tew-1)
oy = LB+ 9) @100 (1=G) (w+) —plw—1)(1-6y)
v (1= Bo7) @+ ) [0(1—G) (@ +9)+¢@—1)] !
N Gp(w—1)(1-5)

v (- Boc) 0 (1-G)(w+p) +ow—1)

e plw—1)(1-B)(1-0) |

v T-a)0(1-G)(w+¢) +o@—1)

Given the solution for C” and the log-linear equation for d” implied by (38) and dP = g7,

we also have the solution for dP:

dP = ngpanfas +ng 70 ZP +ngpeoGP + ndDgétv (45)
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with:
pw-1)1-5)1-G)

Nava Bl-a)o(1l-G) (@t +ew—1] "
vy — LFO@ DB == 0y) +0(1-Bo7)(1-G)(w+9)
(1—Béz) W+ 0 (1-G)(w+¢) +pw—1) !
S Go(w—1)(1-B) N
(- Bo) e (1-G)(wtp) +ow—1] e
e — —— P@-DI-H(1-G) I
¢ (-0 o(1l-C) (wtp) +e@—1)] "

The next step in solving for the steady-state portfolio consists of showing that the excess return
RtD is a linear function of innovations to relative productivity and government spending. For this

purpose, recall that
RP = —pioP — (1 - B)dP + 9P, = — [P + (1 —B)c?tD] +o24.

However, the following results hold:

S pw-DI-HO-0
R TF R 1P re) Y s W e
c(1-B)@-1)(1+)(1-G)
Pz + (1 =Bmavze = G A -G wre) t o -1
Co(w—1)(1—5)

0 B (-0 @9 o1
e pw-D-H1-0

R T Y ) Y pearaps apeypea y

anDa + (1 - B) Ngbgq =

pn,ogp + (1 —B)ngpgp = Mypgp =

Bnyoe + (1 = B)ngpe =

Hence,
AD _ ; c(1-Bw-1)0+9)(1-G) 5D AD ;D
Ry = —nypnfar — (1- 5(/52) [0_ 1-G)(w+ 80) Fo(w-— 1)] Zi —nyparGy — nngft T 02q-
Or:
A A 1-— —1)(1 1-G A A A
ngrl = _nvDanfaH—l_ (1 _Oégbz) [5)(5"0_ G))(EJJ j__:f))_({_ 0 (w)_ 1)] Zg»l_nvDGDGBrI_nvagtJrl—i_@zP'

Taking (30) into account, it follows that:
o ' ' c(1-B) =1 (1+9)(1-C)
Ben = —ieanf e el = 50 S G ot ) 9 (@ — 1)
_nvDGDGEFI + nvDGDétD - nvD§£t+l + nvDﬁét
L T AN oc(1-B)(w-1)1+¢)(1-G)
= —twa (nfares = nfon) — G T T e T e =T

—NyDGP (GtD-&-l - étD> — NyDg <ét+1 - ét) .

] ZtL—)H + nvDZDZtD

Zt[il + Ny zD ZAtD
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Now, use the solution for net foreign assets (42) and the assumptions

t+1 ¢ZZ +5t+1> Gt+1 ¢GG +€t+1

Then:
5D 5D AD 2 c(1-B)w-1)1+¢)(1-G) zP
Rt+l = _nvDa(naZDZt + Nagp Gy + nagft) - (1 — B¢Z) [0_ (1— G) (w—+ S0) T o(w— 1)]€t+l
c(1-B)w-110+¢)1-G)¢z ,p 5D
T Bl (- Q@ te) T ol 1] e
—TyDGP [QCfl —(1-9¢¢) étD} — NyD¢ <£t+1 - ét) .
Next, straightforward algebra shows that:
) o= Aw-D+9)(1=C)é,  _
Tepalaz> H 02 T o) o (-G @t e) T -1
—NuDaNaGP + NybGD (1 - ¢G> = 0,
—MyDPaTllag + MyDe = 0,
leaving us with:
AD c(1-B)(w-1)1+¢)(1-G) 7P GP 5
B = T80 0 (- O (@t 9) ol D] 1 MPere T et
or:
a0 _  o(-A-1)(1+9)(1-G)
s (1-B¢2) o (1-G)(w+ep) +pw-1] "
B Gow-1)(1-5) e
(1 Boc) o (1—C) (@ +9) +ow—1)
s el-DO-pO-G
1-a)fo(1-C)(w+¢) +pw-1)]""
But now recall that
Etﬂ = ﬁéﬁl-
Hence, we can solve for the excess return Rt[jrl as:
]%Bd = URDEZDStZJf)l + nRDEGDEtCiDl, (46)
with
o - fo(l—a)(1-B)(w-D(1+e)(1-C)
e (1-B¢){B(1-a)[c(1-G)(w+e)+ew—-1)]—-ap(w-1)(1-75)}
e 5Ge (1~ a) (1= B) (w 1)
e (1=B¢c){B(1-a)[c(1-G)(w+e)+pw—-1)]—ap(w-1)1-5)}
Note:
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1. The solution for RtDH is such that Eth_l = 0, as expected from Devereux and Sutherland
(2009).

2. The elasticities npp.zp and nrp.ep depend on the steady-state portfolio holding «, which

we aim to solve for.

3. If labor supply is inelastic (¢ = 0), npo.ep = 0 and

mpzn = LA @ =1
five (1-Bog)w

The excess return does not depend on government spending when labor supply is inelastic

because government spending does not affect equilibrium profits in this case.

Now recall the no-arbitrage condition between home and foreign equity for home households:
1 1
E(@ﬁﬁﬂ>=@0%ﬂm0-
A similar condition holds for foreign households:
>k—l *—l
Ey <0t+10 Rt+1> = E; <Ct+1” R?+1> .
Taking second-order approximations to these conditions and considering the difference of the re-
sulting equations yields:
Et (ét+]_R£'_1) - Et (CZ+IR1;D+I> - 0,

or:

B (CRARE,) =0, (47)
Using (41) at ¢ + 1 and (46), this becomes:
A S A A D D
Ey |:(77C'Danfat+1 +nopzp Ziy + nepap G + UCD§§t+1> (nRDEZDef;Z—f—l + nRDEGDSth-I)] =0,
or, using (42) and the assumptions on ZJ; and @ﬂl:

zZDb zb GP GP

Nep zp€ii1 (Mppe2p€ity) + Nepapeysy (Npp.cpEF 1)
t @ 7D el
+nCD§—B(1—G) NMRDPeZDE}L 1 + NMRDGDE |

« (0%
nCDZDnRD€ZDJgZD + ncDGDT]RDgGDO'zGD + m’nchﬁ{Daszgzp + mncDén%DaaDgch = 0,
(48)

where we used the assumption that 5th1 is distributed independently from s?fl.
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Substituting the solutions for the elasticities obtained above into (48) and rearranging yields

the solution for the steady-state portfolio discussed in the main text:

L, B0-a | G2 (w+ @) (1 - Bdy) 0%
1-8 o(w—1)(1+¢)*(1-G)(1-Bos) 0

£

B.1 The Determinants of the Steady-State Portfolio

Define 9
G? (w+9)p(1—Boy) 0%

Q :
o (w - 1) (1 + 90)2 (1 - G) (1 - ﬁ(bG)Q U?zp

Then,
B(l—a)
=——>=(1-90).
== 1-9)
Assume w > 1 unless otherwise noted. The results below follow immediately from inspection
of Q and a:

oo da da Oa Oa oo
%<O, %>0, < 0, %<O, —— >0, aT)Z>().

The derivative of a with respect to G is negatively proportional to the derivative of G2/ (1 — G).
It is:

2 2
doZap 00,p

0G?/(1-G) G(2-G)
= >0,
oG (1-G)
since 0 < G < 1. Hence, da/0G < 0.

The derivative of o with respect to 5 is determined by:

LR L

a8 9B
1—-—Q 5 09
B (1_@[(1—&)2_1—6%]’

Plausible parameter values imply €2 < 1. Note also that the derivative of Q with respect to 3 is
proportional to the derivative of (1 — ¢,)* /(1 — Bpg)?. Tt is:

0(1-B05)° /(1= Bog)’ _  2(éz = dc)[1 = Boz (1-Boc)] _

op - (1-Boc)*
under the plausible assumption ¢, > ¢,. Therefore, under plausible assumptions on parameter
values, 992/98 < 0, and da/0B > 0.
The derivative of a with respect to ¢ is negatively proportional to the derivative of (w + ¢) ¢/ (1 + ¢)
It is:

2

dwre)p/(L+¢)? _ 20-w(p—1)
¢ (1+¢)°
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which is positive if 2¢/ (¢ —1) > w. This restriction is satisfied for plausible parameter values,
implying that da/d¢ < 0 for values of ¢ that do not violate the restriction.

Finally, the derivative of a with respect to w is negatively proportional to the derivative of

(w+¢)/(w—=1). It is:
dwte)/w=-1)  (A+¢) _,
Ow CES

Hence, da/0w > 0.

B.2 The Labor Effort Differential

The solution for relative labor effort can be recovered easily from LP = 9P — TOT, — Z,P by using
gP = dP, the solution for dP in (45), the log-linear version of (17):

o 1 ~ R
TOT, = -0+ % __¢p,
w4 @ o(w+p)

and the solution for C’? in (41). Tedious but straightforward algebra yields:

LY =npoonfai+npoz0ZP +npoanGP + npoek;,

with:
v we(1—B)(1- @)
L2 Bl-a(l-C)(w+te) +tew-1)
@(w—l){ U(l_G)(w_‘_‘p)(l_Bd)Z) }
B W -DBA+9)(1-dz) —(1—Bdz)] — (1+¢)(1-H)

ozt = I-Bd) w+e) ol —G)(@+9) + o1 ’
Dben = Gwe (1 - 5)

oG 1-Bda) ol -G (@t@) +pw-_1)

Db = — we (1-p8)(1-G) _

¢ - (1-C) (w+e) +e@—1)

C Steady-State Equity Holdings

The symmetric steady state described above is such that v = v* = 5/ [(1 — §) 0]. Given o = v*z*
and the solution for «, it follows that * = a (1 — 3) /3, and =z} is determined by az*+ (1 — a) 2} =
1—a. Next, combining nfa = 0 in steady state with nfa = v*z*—[(1 — a) /a] vz., o = v*z*, and the
solution for v = v*, we have z, = aa (1 — )0/ [(1 — a) (], and z is determined by ax+ (1 — a) z, =
a.

If G =0 or ¢ = 0, these steady-state equity holdings reduce to:
¥ = (1—-a)f, z=a—(1—-a)(@—-1),
e = ab, zi=1-—ab. (49)
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The smaller the share of income distributed as profit (the higher #), the smaller the share of home
equity that home households should hold under this allocation, and the larger the share of foreign
equity. Given 6 > 1, z > Oifand only if < 1+a/ (1 —a). If a = 1/2 (symmetric country size), the
planner’s equity allocation implies going short in domestic equity whenever § > 2 (i.e., whenever
less than half of income is distributed as profit). The planner’s allocation always requires holding

a positive amount of foreign equity (6/2 if a = 1/2).

D Productivity Insurance

To verify that the constant portfolio @« = S(1 —a) /(1 — /) (or the constant equity holdings in
(49)) provide perfect insurance against productivity shocks, observe that, using equity market
equilibrium and the proportionality of dividends and labor incomes to GDP, we can write the

difference between the home and foreign budget constraints (1) and (2) as:

v v} .
1_ta($t+1_xt)+ 1_ta($t+1—$:)+CtD+GtD

— Tt _ a 1+u + x; —1 l_u *
T I\1Ze 1=4/)0 T | * 1-a 9 "o |

Straightforward substitutions show that ;41 = 2y = a — (1 —a) (0 — 1) and =z}, = 2} =

(1—a) 0 (ie., the equity allocation in (49)) imply CP = 0 for every possible realization of y; and
y; (i.e., for every possible realization of Z; and Z;) if GP = 0. Thus, (49) is the allocation of
equity that ensures perfect risk sharing in response to productivity shocks. As we showed in the
main text, this is the allocation of equity chosen by households if labor supply is inelastic and/or

steady-state government spending is zero.

E Obtaining Equation (31)
First-differencing (30) and using the lagged version of (42) yields:

AP = 0opa (Maz 221 + oGPy + Nagbir) + 1up 20 AZP + 1,060 AGP + 0,
= 77UDZDZtD + nvDGDGtD + Ungft - (nvDZD - nvDanaZD) ZtD—l
- (nvDGD - nvDanaGD) Gﬁl - (%Dg - nvDanaﬁ) §t—1- (50)

It is possible to verify that the following equalities hold:

Nobe = TyPalags
TGP (1 _(pG) = TMyPaNaGD>
NyDzD — NybgNazD = (1_5)(w_1)(1+(p)(1_G)0¢Z
e e 1Bl (1-G) w+9) +p@—1)]
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Using these results and our assumption on the relative government spending process, we can rewrite
(50) as:

D _ p . (1=-B)w-1)1+¢)(1-G)ogy,
B0 =Mz A g e (1= C) (w+ @) T 1

Next, note that (33) implies:

~ D ~
)]Ztlzl +77’UDGD€1‘/G +T7vD§£t‘ (51)

ét _ NRbzD& ZD T'RDGDO! D (52)

“31-0Y Tra-a"

Using this result and the assumption on the relative productivity process, equation (51) becomes:

Av = |mypgo + meRDEZDﬁ] eZ”
=B+ @ -1D6,(1-05) 5p ,
(w+¢) (1= PBoy) =1

i.e., equation (31), where

(6 ab
My GD +UngURDeGDm €

o (%
= 271 N d = '
NAyDeZD NyD 7D + nngnRDEZDIB (1 — G) all N AyDPeGD NyDbGD + nngnRDsGD B (1 — G)

Finally, substituting the expressions for o and the elasticities n’s obtained above in the defin-

itions of Na,p.zp and na,p.cp yields:

PG (W) (1-¢2)(1-B5) 6
(1= 5 (14 9) = 1) |67 (1= 6w+ 9) - S pE e
nA’L)DEZD = 2712 2 2
P2G2(wt+p)(1-Bdz) 0% p
(@ 0) (1= B0) | (1= G) (o )+ e e e |
and
N o0 (1= B) (w—1) . 1
M0 S T o (- O @t P T @11 | 1o TGl ol GT]

G2(wtp)p(1—B¢ 7 )% o2
plw—1)|1- G-foa) “ep

a(wf1)(1+¢)2(17G)(17B¢G)2U§ZD

F Obtaining Equation (28)

Given equations (23) and (31), and the solution for net foreign assets in (42), we can obtain the

solution for portfolio rebalancing from:

AP, = AoP + Anfaiiy.

(07
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D _ g o (1=B)0+¢)(w—-1)dz(1=0z)-p
Aty = [%DZD + MyDeNRDZD ﬁ(l——G)] & - (w+9) (1 Boy) )
(6% ab

+ |:T]UD(;D + nUDfnRDaGDm &t

1-G 5D AD N"RDeZDOX 7D N'RDGDO D
+T |:77aZDZt + Naap G+ Ngg (ﬁat +M5t )

where we used (52). Using 7,c = 8 and rearranging this equation yields:

~D zDb 5D GP AD
ATy =Nagpezpep  + NazDP zD, ZyZ1 + nagpecpey + NazPGP, Gy,

where:
NAgDeZD = MNyDyzD + NyDeN)RDZD a +(1_G)77aZD_|_nRD ZD,
zPe v vPE € ﬁ(l —G) . e
N pgp = (1-G)nazrdz (1-B)A+¢)(w—1)¢(1—¢z)
Ao a (w+9) (1-Boy) ’
NAzDeGD = NybgD + NyDe) RDGD a _|_(1_G)77aGD + NrpecD,
zPe v D¢ € ﬁ(l—G) N €
_ (1_G)T]aGD¢G
nAxDG/Bl = a :

Tedious algebra shows that:

NagDzD = QzNMag-zp  and NAzDGD. = PGNAZDCD
—1 —1

with:

L Y eI
faoe o (1 = Boy) (w+ @) B(1-a)]’
e G008

fove a(l-Bog)

Hence,
~D _ zP 5D GP AD
ATy NAzDeZD (Et +¢ZZt71) + NAzDGD <5t +¢GGt71)

5D D
= nAxDZDZt —"_nAJSDGDGt?

i.e., equation (28), where we conveniently redefined na,p 70 = Nayp.2zp and Na,pap = NaLDLGD.
Finally, substituting the expressions for o and the elasticities 1’s obtained above in the defin-
itions of na,pzp and Na,pgp yields:
G2 (wtp)p(1=Bdz) 0%;p
1—¢,)1-B)A+¢)(w—1)| ow-10+p)*1-C)1-Béc)’0?,,

(W) (1—=poy) G2(wtp)p(1-Bd2) 206
o(w—1)(1+)’(1-G)(1-B96) %04

NAzDZzD =

1—
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and
G —¢g) (1 -5)
G2(w+s0)<.0(1*r3¢z)2‘7§cD
(1= Bo¢) |1 - o(w=1)(14+¢)*(1-G)(1-Béc) 0%,

NAzPGP = —

G The Determinants of the Valuation Share
G.1 Productivity Shocks

We begin by studying the determinants of the valuation share for periods that follow the impact
period of a shock, i.e., ”dlle'

Recall the definition of €2 in the steady-state portfolio a obtained in Appendix B:

G2 (w+¢) (1 —Bdy)* oen

Q .
o(w=1)(1+¢)*(1-G)(1-Ba)’ 02

Then,
oy — L= 02) (A= 8) (L +¢) (w—1)
AzPZ (WH+e)(1=PFdz)(1-Q)

and it is straightforward to verify that:

(1-Ba
B(l—a)

Assuming w > 1 throughout, the results on the steady-state portfolio in Appendix B imply
that:

’Udlfz]_ =1 —Q:

dvals dvals dval?. Jval? dvals
21 0, 21‘21 <0, 21 7 21&21 >0, t>1
do 8‘750D 00¢ 8‘752D 09,
dval, oval, oval, oval,
== < = >0 = <0 d = >0
oG e T T oy ML ’

where the last three results hold for plausible parameter values.

Next, we prove that the share of valuation in net foreign asset adjustment in the impact period
(vals) is smaller if substitutability between home and foreign goods (w) rises.

Recall that vals = (1 — na,pz0/Maypezp) +. Using the definition of Q and the expressions

for na,pzp and Na,p.zp, We can write:

TIAQL'DZD — FA’
NAvDeZD
where:
r — Q1 —¢y)
(1-9Q) ¢z’
A c(1-G)(w+e)+pw-—1)0

a(l—G)(w+<p)—<p(w—1)Q%Z'

A-13



Tedious algebra shows that dA/Jw = 0. (To verify this, we use the result from Appendix B that
the derivative of  with respect to w is proportional to — (14 ¢) / (w —1)?, and, in particular,
89/0w=—-Q(1+¢)/[(w—1) (w+¢)].) It follows that:

NagD zD
8"7AAUDEZZD o or . (1 B CbZ) 00
_Navbezb - ATE A\ PZ) TR
Oow Oow ¢, (1— 9)2 Oow

_A1-0)00+y)
67 (1= (= 1) (w+)

Hence, assuming w > 1 and 2 # 1, A > 0 is necessary and sufficient for 9 (na,p 70 /Naypezp) [OwW <

0. Given w > 1, the condition A > 0 is satisfied if and only if:

c(1-G)(w+yp) oz
pw—1)(1-9¢z)

This holds for plausible parameter values (for instance, with the parameters in our numerical

> (.

exercise, {2 = .084 and the left-hand side of the inequality is equal to 11.4). Hence, for parameters
in a plausible range, 0 (Na.0 70 /Mappez) /0w < 0. Therefore, dvaly /0w < 0.

G.2 Government Spending Shocks

The share of valuation in net foreign adjustment to government spending shocks is zero in all
periods but the impact one. We verify here that the share in the impact period is an increasing
function of substitutability between home and foreign goods (w).

Recall that, in response to a relative government spending shock, valy = (1 — nx,pa0 /1 Avpac;p)_l.

Using the definition of €2 and the expressions for na,pop and na,p.cp, we can write:

ity = CU=90) 0= )

where:

c(1-G)(w+¢)+ew-1)
p(1-Q)(w—-1)
Tedious but straightforward algebra shows that:

U=

U (1= (1= 1+ +ED e (1-G) (wtp) +pw-1)

O [ (1—9) (w—1)

The assumptions w > 1 and < 1 (satisfied for all parameter values we experimented with) are
sufficient for ¥ /0w < 0. Tt follows that O (na,paD /Mappecp) /Ow > 0 and, therefore, dvals /Ow >

0 when we consider adjustment to relative government spending shocks.
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