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1 Introduction

Portfolio allocation decisions naturally affect both asset prices and capital flows. But apart
from ad hoc models such as the Mundell-Fleming model and portfolio balance models, port-
folio choice played a limited role in open-economy models until about 2010. Gourinchas
(2006) wrote: “Looking ahead, the next obvious step is to build general equilibrium models
of international portfolio allocation with incomplete markets. I see this as a major task that

)

will close a much needed gap in the literature...”. Until that point in time, most models
either assumed complete markets or trade in risk-free bonds.! This has changed significantly
over the past decade, starting with the development of solution techniques for open econ-
omy DSGE models with portfolio choice.? However, the predictions of standard frictionless
portfolio choice models have some features that are sharply at odds with the data. In this
paper we introduce a portfolio adjustment cost, giving rise to gradual portfolio adjustment
in response to shocks. This generates model predictions that are more consistent with micro
evidence of portfolio choice and macro evidence on the importance of financial shocks and
features of asset price dynamics such as excess return momentum and reversal and post-
earnings announcement drift. We then investigate the impact of this friction on asset prices
and net capital flows.

A simple frictionless mean-variance two-asset portfolio choice model implies

Ei(eriyq)

o= yvar(eriy1)’

(1)

where z; is the portfolio share, er;,; is the excess return, and + is risk aversion. All that
matters is the expected excess return and its variance over the next period. Past portfolio
choice has no direct impact on current portfolio choice, nor do future expected returns and
risk beyond the next period. Moreover, the portfolio is very sensitive to changes in expected
returns over the next period as the variance of the excess return tends to be small and all
investors adjust their portfolio immediately.

These features contrast with the micro evidence on portfolio choice. First, a substantial
number of papers have documented portfolio inertia of households.® Based on a survey of
US households that hold equity or equity mutual funds, the Investment Company Institute

reports that about 60 percent make no change to their stock or mutual fund portfolio during

'Models with trade in bonds usually allow agents to hold claims on domestic capital as well, but portfolio
choice is typically removed through linearization that implies zero expected excess returns.

2See Devereux and Sutherland (2007, 2010), Tille and van Wincoop (2010, 2014) and Evans and
Hnatkovska (2012, 2014) for local solution methods and Bacchetta et al. (2022) and Sauzet (2021) for
global solution methods.

3See for example Ameriks and Zeldes (2004), Bilias et al. (2010), Brunnermeier and Nagel (2008), Mitchell
et al. (2006).



4 Even less frequent portfolio changes apply to retirement accounts.

any particular year.
The Investment Company Institute (2021) reports that for over 30 million employer-based
defined contribution retirement plans, 90 percent of investors made no changes over a given
year to allocations of their account balances from 2010 to 2020.%> Giglio et al. (2021) consider
the portfolio and expected returns of US-based Vanguard investors. They find not only that
investors change their portfolios infrequently, but that the responsiveness to expected returns
is much weaker than implied by (1) for a plausible rate of risk-aversion.

In the international context, there is related evidence for mutual funds. Bacchetta et
al. (2021) consider the global portfolios of US equity mutual funds. They find that these
mutual funds face significant costs to portfolio adjustment that lead to both portfolio inertia
and a weak portfolio response to expected returns.® Camanho et al. (2020) also use data for
international equity mutual funds, providing evidence of infrequent portfolio rebalancing.

At the macro level, a frictionless portfolio model like (1) implies that financial shocks
have little effect on asset prices. A financial shock is a latent asset demand or portfolio shock.
Such portfolio shocks can be driven by many factors, such as time-varying risk, time-varying
risk aversion or risk-bearing capacity, hedge trade, expectational errors, liquidity trade or
asset trading costs. Koijen and Yogo (2019) define these shocks as unrelated to observed
asset characteristics. Since portfolios are so sensitive to expected excess returns, a very small
change in the expected excess return is sufficient to clear the market, implying a very small
price impact of financial shocks. Gabaix and Koijen (2020) use granular IV to show that
financial shocks have a large impact on equity prices, about a factor 100 larger than implied
by frictionless models.

Related to the large price impact of financial shocks, there is evidence that they are the
dominant driver of asset prices. Gabaix and Koijen (2020) estimate that 89 percent of the
variance of equity returns is associated with financial shocks. Similarly, Koijen and Yogo
(2019) estimate that latent asset demand shocks account for 81 percent of the cross-sectional
variance of stock returns. This is also the main message of Itskhoki and Muhkin (2021) for
the foreign exchange market, who argue that exchange rates are largely driven by financial
shocks, accounting for the disconnect from observed macro fundamentals.

Frictionless models also have a hard time accounting for asset prices dynamics such as
momentum and reversal in excess returns that is documented in a large literature. Specif-

ically, excess returns are positively correlated with their own lag up to about 12 months

4n the year 2001, 60 percent made no change (see Equity Ownership of America, 2002). In 2007, 57
percent made no change (see Equity and Bond Ownership in America, 2008). This is based on equity holdings
either as part of or outside an employer-sponsored retirement plan.

°Similarly, Mitchell et al. (2006) find that 80 percent of 1.2 million workers with 401(k) plans initiated
no trades over a two-year period.

6Related to that, Bohn and Tesar (1996) and Froot et al. (2001) find that international portfolio flows
are highly persistent and strongly related to lagged returns.



(momentum), while they are negatively autocorrelated for longer lags (reversal). Closely re-
lated is the phenomenon of post-earnings announcement drift, where equity prices continue
to rise for several months or quarters subsequent to positive earnings news.

We introduce a quadratic portfolio adjustment cost in a two country model. Garleanu
and Pedersen (2013) analyze this type of friction in a partial equilibrium portfolio choice
model.” A quadratic portfolio adjustment cost changes the frictionless portfolio (1) in two
important ways, one backward looking and one forward looking. First, the optimal portfolio
will not just depend on expected returns, but also on last period’s portfolio. This gradual
portfolio adjustment is consistent with evidence of portfolio inertia exhibited by households
and mutual funds. Second, the optimal portfolio depends not just on the expected excess
return over the next period, but the present value of all future expected excess returns. These
backward and forward looking features of the optimal portfolio have several implications.
First, they imply that the portfolio is much less sensitive to the expected excess return over
the near future, leading to a significantly larger price impact of financial shocks. Second,
the gradual portfolio adjustment generates features such as excess return momentum and
reversal, and post-earnings announcement drift as a humped shaped portfolio response to
shocks is reflected in asset prices.®

We have introduced a similar quadratic portfolio cost in open economy models in Bac-
chetta and van Wincoop (2021) and Bacchetta et al. (2021), while in Bacchetta et al. (2022)
we introduce a Calvo type friction, where new portfolio decisions are made with a given prob-
ability. The key difference is that our focus here is on net capital flows, jointly with asset
prices.? This requires modeling the aggregate economy and aggregate saving and investment
(net outflows=current account=saving minus investment). The previous papers focused on
questions related to specific financial markets, the FX market and the global equity market.
The models in these papers are therefore more partial equilibrium, with no investment and
little or no role for saving.

Besides the quadratic portfolio adjustment cost, the model is otherwise a rather standard
two country DSGE model. Investors have Rince preferences (see Farmer, 1990), so that
we can conveniently separate portfolio decisions from consumption decisions. We model
financial shocks as exogenous tax shocks on foreign portfolio holdings. These shocks generate
portfolio shifts by introducing an exogenous additive component to the portfolio expression.
In addition to financial shocks, the model also has dividend shocks (productivity shocks

and capital share shocks), saving shocks (time-discount rate shocks) and investment shocks

In a closed economy, Bonaparte et al. (2012) examine the implications of quadratic portfolio adjustment
costs for equity only.

8 Another implication is the predictability of excess returns, as shown in Bacchetta and van Wincoop
(2021) for exchange rates. We will not focus on this aspect in this paper.

90ur focus is not on gross capital flows. The portfolio friction affects the portfolio response to changes
in expected excess returns. This affects net capital flows, not gross flows, as shown in Appendix D.



(perturbation to a standard Tobin Q) investment relationship). Both types of dividend shocks
are needed as the volatility of profits (net operating surplus) cannot be accounted for by
productivity shocks alone. Saving and investment shocks are needed to account for the
observed volatility of saving and investment rates in the data. We also make sure that there
is a realistic relationship between asset prices and saving and investment rates. Since our
focus is on net capital flows, it is important that saving and investment rates in the model
connect closely to the data.

We consider both the level of the portfolio friction that is most consistent with the data
and the impact of a change in the friction on the relative asset price and net capital flows.
For the former exercise we adjust some other parameters to target key moments, such as the
volatility of the saving rate, investment rate and excess return. The model is most consistent
with the data for an intermediate level of the financial friction that is reasonable in light
of portfolio inertia at the household level. Financial shocks are then the main driver of the
relative asset price, consistent with the literature. Net capital flows are about equally driven
by financial shocks and saving shocks.

When the friction is too high, the autocorrelation of the excess return becomes too high
as a result of the gradual portfolio adjustment that leads to a gradual asset price change in
response to some shocks. In other words, there is too much excess return momentum. When
there is no friction, the size of the financial shock that is needed to target key moments
(particularly the volatility of the excess return) becomes enormous. This is due to a very
small price impact of financial shocks. For a more reasonable size of financial shocks, excess
return volatility is much too low and the relative asset price is largely driven by dividends.
This contrasts with evidence that asset prices are largely driven by financial shocks. The
frictionless case also does not produce any excess return momentum and reversal, nor is it
able to generate post-earnings announcement drift.

We find that a higher portfolio friction, holding other parameters constant, raises the
impact of financial and saving shocks on the relative asset price, while it weakens the price
impact of shocks that affect dividends (productivity shocks, capital share shocks and invest-
ment shocks). A higher friction increases the response of net capital flows to financial shocks
and shocks that affect dividends, while it has little effect on the response of net capital flows
to a saving shock.

Besides a portfolio adjustment cost, there are two alternative ways of modeling sticky
portfolios. A common approach in the finance literature is to assume that investors change
their portfolios infrequently at fixed intervals in an overlapping manner.!® It is also possible

to assume a constant probability of changing portfolio shares, as in Bacchetta et al. (2022).

10Gee Lynch (1996), Gabaix and Laibson (2002), Abel et. al (2007), Bacchetta and van Wincoop (2010),
Bogousslavsky (2016), Duffie (2010), Chien et al. (2012), Greenwood et al. (2018) or Hendershott et al.
(2013).



While the three approaches differ in their details, they imply similar linearized portfolio
expressions and similar asset price dynamics. The similarity of modeling approaches for
portfolio stickiness is akin to the three approaches for price stickiness: Calvo pricing with a
fixed probability of adjusting prices; staggered Taylor contracts; or Rotemberg adjustment
costs. The approach in this paper is similar to the Rotemberg approach and is the most
tractable in a DSGE model.

As discussed, one of the problems with the frictionless portfolio model is the significant
sensitivity of the portfolio to expected returns. Making portfolios less sensitive to expected
returns will increase the price impact of financial shocks. Portfolio frictions are not the only
way to accomplish this. Alternatives are models that raise the effective rate of risk aversion
or perceived risk. The former is the case in models with segmented markets'!, where a limited
number of arbitrageurs bear most of the risk, or in models where there is a cost to deviate
from a certain level of asset holdings (e.g. Schmidt-Grohé and Uribe (2003)).'? Models with
long-term risk or disaster risk, as in Dou and Verdelhan (2015), have a similar implication as
well. All raise the denominator of (1), making portfolios less sensitive to expected returns.
But these assumptions do not generate the forward and backward looking aspects that a
model with portfolio frictions does, which generate gradual portfolio adjustment to shocks
and therefore asset price dynamics such as momentum and reversal.

The remainder of the paper is organized as follows. Section 2 presents the model. Section
3 describes the data and calibration procedure. The two countries in the calibration are the
US and the aggregate of the other G7 countries. Section 4 discusses the results. We also
consider an extension where there is a cost of deviating from the buy-and-hold portfolio
instead of the lagged portfolio. In that case there is a cost to any asset trade, even trade

associated with portfolio rebalancing. Section 5 concludes.

2 Model Description

We introduce costly portfolio adjustment in a one-good, two-country model of saving and
investment. The two countries are Home and Foreign and there are two assets. We assume
two types of agents. Investors hold the two assets and make saving and portfolio decisions.

Households earn labor income and are simply hand to mouth.

HSee for example Gabaix and Maggiori (2015), Gourinchas et al. (2020), Greenwood et al. (2020) and
Itskhoki and Muhkin (2021).
12Yakin (2020) shows that these have similar implications.



2.1 Portfolio and Consumption Problem

The assets are broad claims on capital of both countries, with returns Ry ;41 and Rpgyq.
Investors allocate their wealth between these two assets.'® Portfolio shares of Home investors
in the Home and Foreign assets are z; and 1 — zp;, while Foreign shares are zp; and 1 —zp,.
The main assumption in this paper is that it is costly for investors to change these shares.
This key friction leads to more gradual portfolio adjustment to changes in expected returns.

More precisely, we assume a quadratic adjustment cost 0.5t (2 — zh7t,1)2 for country h
that reduces welfare.!* The parameter 1) determines the size of this portfolio friction. An
alternative hypothesis would be that it is costly for investors to deviate from a buy-and-hold
portfolio. We examine this case in subsection 4.3. In that case there is a cost to any asset
trade, even to rebalance the portfolio.*?

As we will see, this portfolio cost leads to a more gradual portfolio response to changes
in expected excess returns. This friction can reflect various deeper microfoundations that
lead to gradual portfolio adjustment, which we do not explicitly model here. Garleanu and
Pedersen (2013) introduce a similar friction and think of it as representing transaction costs.
This is particularly relevant when deviating from the buy-and-hold portfolio, which involves
asset trade. It may also reflect costs to acquiring information or portfolio reoptimization.
As already discussed, households make infrequent portfolio decisions. These can be modeled
through a Calvo type portfolio friction, where households make a new portfolio decision each
period with a certain probability. This friction is introduced in Bacchetta et al. (2022), which
leads to a very similar solution for portfolio allocation as with the more ad hoc cost friction
adopted here. To the extent that portfolio decisions are made by mutual fund managers,
gradual portfolio adjustment can be related to various frictions that lead fund managers
stick close to various benchmarks. They may be penalized, either through fund outflows or
replacement of managers, if bad fund performance occurs after significant portfolio changes
relative to benchmark portfolios. This also leads to more gradual portfolio adjustment.

We focus the analysis on the average portfolio share in the Home asset: z{* = 0.5(z; +

zr;). Changes in this average share affect net capital flows. Holding z;' fixed, changes in

13We think of these assets as aggregate claims on private capital that incorporates equity, corporate
bonds, bank loans, and so on. We focus on the portfolio allocation between the two countries and not on the
allocation between different types of private sector claims. Since there is a single good, portfolio allocation
is not affected by hedging real exchange rate risk. There is therefore also not a need to introduce bonds that
are typically used to hedge exchange rate risk, as in Coeurdacier and Gourinchas (2016).

11t is technically more convenient to assume that this cost affects utility directly, rather than reduce
resources in the budget constraint.

15Whether it is more appropriate to assume a cost of changing portfolio shares or of deviating from buy-
and-hold portfolios is an open question. Bacchetta et al. (2021) show that for U.S. mutual funds choosing
their equity portfolio allocation across countries, both types of costs co-exist, but the cost of changing
portfolio shares is more important. On the other hand, the evidence on individual investors points to limited
rebalancing.



2P = 2y, — zr; (a measure of home bias) only affect gross capital flows, not net capital
flows. The portfolio friction only affects 27!, not zP.

We assume that investors have Rince preferences. This implies that the intertemporal
elasticity of substitution is 1, so that the optimal consumption-wealth ratio solely depends
on the time discount rate, while the rate of risk-aversion 7 is a separate parameter that is
important for portfolio choice. The time discount rate, denoted S, + for country h, is allowed
to vary over time and gives rise to saving shocks. The Bellman equation for investors from
country h is

(Vi) = max {(1 — Br) I(Cont) + B [ln ([Et(VMH)l*V] *) 0.5 (2ns — zh,tﬂﬂ } .
2

Ch,tvzh,t

The last term captures the cost of changing portfolio shares.

2.2 Budget Constraints and Financial Shocks

The financial wealth of investors from country h, W}, ;11, evolves according to
Whger = R (Why = Chy) (3)

where Rffl is the portfolio return. Investors start period ¢ with financial wealth W}, ;. They

. . . . h
consume Cj; and invest the remainder in the two assets, on which they earn a return R}

from ¢ to t + 1. The portfolio return for Home and Foreign investors is

Rfﬁ = 2R+ (1 — zug)e” ™ Rpyqr + Thgsa (4)
Rfﬁﬂ =zpie Ry + (1= zpe) Rpger + Tt (5)

For Home investors, 7g+ is a tax on the Foreign asset return. For Foreign investors, 74, is
a tax on the Home asset return. These play two roles in the model. First, their mean 7
can be calibrated to generate realistic home bias. Second, time variation in TtD = THt — TFt
generates exogenous portfolio shifts between Home and Foreign assets, which we will refer
to as financial shocks (latent asset demand or portfolio shocks).

While it is convenient to model them this way, in practice such financial shocks may be
driven by many factors. Examples from the literature include liquidity or noise trade (He and
Wang (1995)), hedge trade (Bacchetta and van Wincoop (2006), Spiegel and Subrahmanyam
(1992)), time-varying risk or risk-bearing capacity (Gabaix and Maggiori (2015)), time-
varying costs of investment abroad (Davis and van Wincoop (2018)) and time-varying private
investment opportunities (Wang (1994)). We will model them exogenously through 7, while

not taking a stand on the most likely source(s) of these financial shocks in practice.



Finally, the terms T4 441 and Tpy4q in (4)-(5) are lump-sum redistributions of the aggre-
gate portfolio taxes back to the investors. Agents take these as given, so they do not affect

portfolio choice. This means that in the aggregate

Rf’ﬁ =z Ry + (1 — zu) Regma (6)
Rffl = zpi R + (1 — 2pt) Rpsa, (7)

as if there were no taxes.

2.3 Optimal Portfolios

Investors maximize the right hand side of (2) subject to the wealth accumulation equation
(3) and portfolio return, (4) or (5). Consumption and portfolio Euler equations are de-
rived in Appendix A, where we follow an approximation approach similar to Campbell and
Viceira (1999) to obtain an explicit portfolio expression. The solution is as follows. The

consumption-wealth ratio is always 1 minus the discount rate:

Chi = (1= Brt)Why. (8)

Let rg4+1 and rpyq; be the log Home and Foreign returns and eryy; = 71 — T
the excess return. The portfolio Euler equations then lead to the following second-order

difference equations in portfolio shares:

BYEzmien — (vo? + (1 + B)) zmy + Yzm—1 + Ererey + Ty +vg =0 (9)
BYEzpii1 — (02 + (1 + B)) zre + Yzpi—1 + Ereryen — Try + vp = 0. (10)

Here 3 is the steady state time discount rate, o2 is the variance of the excess return and
vy, vr are hedge terms that depend on second moments that we treat as constants (see
Appendix A).

Using (9)-(10), the expression of the average portfolio is (ignoring the constants)
BYEz — (v0° + (1 + B)) 2 + ¢zt + Eyeryq + 057 = 0. (11)

We will use this second-order difference equation of the average portfolio share to solve the
model, together with the other linearized equations of the model. But to gain intuition, it is
useful to solve the difference equation in order to get an explicit expression for the portfolio

share:

A=t () Buleri) + 050, (12)
s=1



where

90+ A1+ 0) — 3 (102 + B+ ) — 45y
" 269

1

n
A=————
¢1—P7577

Here we have assumed that 77 follows an AR process with AR coefficient p,.

The portfolio solution (12) has three terms. The first term shows that the optimal
portfolio share depends on the lagged portfolio share with a coefficient 1. The weight n on
the lagged portfolio depends positively on the portfolio friction . 7 is zero when v is zero
and approaches 1 as ¥ — oo. The second term shows that the optimal portfolio depends
on the present discounted value of all future expected excess returns. When 1 = 0, agents
only respond to the expected excess return over the next period, Fyer; 1. As a result of the
portfolio friction, agents adjust their portfolio today to changes in the expected excess return
beyond the next period as they wish to smooth portfolio changes over time. The discount
rate is 7, which implies a higher weight on expected excess returns further into the future
when 1) is larger.

Finally, the last term in (12) is related to financial shocks. A rise in 7 will lead to a

portfolio shift from the Foreign to the Home asset. Define
fi= AP (13)

Afy; is the total flow from the Foreign to the Home asset associated with changes in 77,
measured as a fraction of market value of either asset. To see this, we have Azpy, + Azp; =
2Az = AMATP = Af,. This is the sum of the increase in demand for the Home asset by
investors from both countries as a fraction of their financial wealth, which in steady state
is equal to the value of both asset markets. We will measure the price impact of financial
shocks as the instantaneous increase in the relative log asset price, ¢ = qu¢ — qr; relative
to Af; at the time of a shock to 7”. It tells us the percentage change in the relative price in

response to a 1 percent increase in demand for the Home asset. This price impact parameter

is called M:
AP

M = :
Afy

(14)



2.4 Asset Returns and Investment

The assets are claims on capital of both countries, with prices of respectively Qg ; and Qp;

in the Home and Foreign country. The gross return in country h = H, F' from ¢ to t + 1 is

II K 1—-6
Ry = hi+1/ h,t+1Q+ ( )Qh,tJrl' (15)
hit

Here I1j, 441/ Kp 41 is profits per unit of capital and 0 is the rate of depreciation of capital:

Kpii1 =1 —=0)Kpy + Ing, (16)
where [}, ; is investment.
Output is Cobb Douglas:
Yie = Ana B Ny (17)

We allow for shocks to both productivity and the capital share, allowing profits to be more
volatile than output as in the data. Workers receive a fraction 1 — 6, of output, which they

consume. The rest goes to profits of the share holders:

Iy 1

. O t+1—1 Th,t+1
= Onps1Ana1 Ky + : (18)

Kh 11 K11

Here we have assumed that the labor supply is fixed at 1. The term 74 is profits of
installment firms, which investors get as well.

Producing I, capital goods requires

1

"t (Iny — 0Kpy) + 0K + 0-5CK
hit

(Ing — 0Kpy)” (19)

consumption goods. Installment firms at time ¢ then maximize profits

1
The = Qnielns — €mh’t(fh,t — (5Kh,t) — 0Ky, — O-5CK ([h,t — 6Kh,t)2 . (20)
hit
Optimal investment takes the familiar Tobin @ form:
Iy, 1
LI — eMht) 21
=0 Q) (21)

The variable my,; will be time-varying, capturing exogenous investment shocks.

Substituting (21) back into (20), we obtain an expression for m,;. Using this, the gross

10



return on the asset of country A can be written as

D
Risss = h,t+1Q+ Qh,t+1’ (22)
hit

where the dividend Dy, ;4 is

O ro1—1 1 m
D41 = 9h,t+1Ah,t+1Kh§’f:11 -0+ i (Qnr1 — e ”“)2 . (23)
The last term will drop out after linearization, so that the dividend is equal to the marginal

product of capital net of depreciation.

2.5 Market Clearing Conditions

Agents in country h start period ¢ with wealth W), ;, of which they consume a fraction 1— /3, ;.
They therefore invest 3, W, in the two assets. The two asset market clearing conditions
are then

BuiWhzas + BraiWrizre = Qu iK1 (24)
BruiWai(1 — zmt) + BriWed(1 — 2pt) = QraKpit1. (25)

2.6 Shocks

Since the objective is to match quantitatively various aspects of the data, we introduce four
types of shocks: dividend, saving, investment, and financial shocks. The need for dividend
shocks is clear as these are the payoffs of the assets. The introduction has already discussed
the importance of financial shocks. There are several reasons for introducing saving and
investment shocks. Without these shocks, saving and investment will generally be much less
volatile than in the data. Moreover, relative saving and investment would be too closely tied
to the relative log asset price ¢”. As discussed further below, relative investment would be
a linear function of ¢, while relative saving would a linear function of ¢ — dP, where dP is
the relative log dividend.

Dividend shocks are related to both productivity shocks and capital share shocks. Assume
Aps = Aet where A is the steady state value of productivity. We introduce average and
relative shocks, defining in all cases xtA =0.5(zps + xr¢) and :Uf’ =Tt — Ty For average

and relative productivity shocks we then have

A A Aa
Ay = Paly + €74 (26)
D,a
atD+1 = paty + €1 (27)

11



The two innovations have standard deviations of respectively 04, and op, and are uncor-
related.

Analogously, for capital share shocks we have

07 — 0 =po (0 —0) + e (28)
etlzd = PGQtD + et[i?a (29)

where 0 is the mean. The two innovations have standard deviations of respectively 04 and
op and are uncorrelated.

To see how these shocks together affect dividends, the log-linearized dividend (see Ap-
pendix B) is

1-8+9 1
dny = # (ah,t + 59h,t + (60— 1)/€h,t) ) (30)

where ky,; is the log capital stock.

Saving shocks are associated with changes in the time discount rate. We have

B — B =ps (81— B) + e (31)
8P = paBP + el (32)

The two innovations have standard deviations of respectively 04 3 and op g and are uncor-
related.

Investment shocks are shocks to the Tobin-(Q) relationship (21):

Am
mﬁrl = pmmf‘ + € (33)

Dm
My = Py + ey (34)

The shocks have standard deviations of respectively o4 ,, and op ., and are uncorrelated.
Finally, financial shocks are given by

Tt]J)rl = pTTtD + 6;1- (35)

The standard deviation of the shock is o;. We do not introduce shocks to 7/* as such shocks
do not affect net capital flows or any of the other variables of interest. They only affect gross

capital flows. We assume that all shocks in the model are mutually uncorrelated.

2.7 Equilibrium

With the exception of portfolio Euler equations, we linearize around the deterministic steady

state. Since a deterministic steady state does not exist for portfolios, we use an approach

12



analogous to Campbell and Viceira (1999) to obtain the linear optimal portfolio expressions
(9)-(10). Appendix B derives the full log-linearized system of equations.'6

One can consider two sets of equations. One set involves differences of variables, jointly
with z/. The second set involves averages of variables, jointly with z”. The system in
averages is easy to solve by hand and leads to the solution for the average log asset price g;!
discussed in Appendix B. The system in differences is more involved and leads to a solution

for the relative log asset price ¢ as a function of the following state variables:
/
St = (qt[iljwﬁlvktlil’TtD>6£>atDjﬁtD7ﬁtD—1>mtDam£1) . (36)

We discuss this system in differences and solution in more detail in the Online Appendix.
One of the parameters of the model, the variance o2 of the excess return, is endogenous.

We solve the model for a given o, which enters the portfolio expressions, and then solve a

fixed-point problem that equates the assumed o to that implied by the equilibrium of the

model.

2.8 Saving, Investment and Net Capital Flows

The current account equals net saving minus net investment: C'A;, = Sp¢ — Ij¢'. This can
also be written in terms of relative saving and investment. Omitting the country subscript,
the current account of the Home country is C A, = 0.55°™ — 0.57". In equilibrium
this must be equal to net capital outflows of the Home country, which we denote as N F;.
The equation CA; = NF; can be thought of as an equilibrium equation that determines the
relative asset price ¢. The difference between the two market clearing conditions (24) and
(25) leads to the same equation, but writing it as CA; = NF; helps provide intuition.

Appendix C shows that relative net saving is equal to

D,net _ ﬁ . = D D
Sy 3 + (1 5)(22 1) (dt q; ) (37>

Here Z is the steady state share invested domestically and dtD = dy s — dpy is the relative log
dividend.
Relative net investment is

ne 1
e = : (a7 —m)). (38)

16There is an ergodic distribution for relative wealth in this linearized system, even though we do not
introduce features such as Uzawa preferences or finite lives. To see this, consider what happens when Home
wealth is larger than Foreign wealth. As a result of home bias, this raises relative demand for Home assets.
This raises the relative Home capital stock and asset price, which lowers the expected excess return on the
Home asset. This in turn reduces the expected future portfolio return of Home relative to Foreign investors
and therefore relative Home wealth.
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The current account is a negative function of ¢”: a rise in ¢ raises relative Home invest-
ment through the Tobin-Q relationship, while lowering relative Home saving. To understand
the latter, a rise in ¢ raises relative Home wealth as long as there is home bias (z > 0.5).
This raises relative Home consumption and therefore lowers relative Home saving.

Net capital outflows can be written as
NF, = —2Az8 4 22(1 — 2)AgP + (1 — 2)SP . (39)

The three terms on the right determine net capital outflows from a portfolio perspective. The
first term is related to portfolio reallocation. An increase in the share allocated to Foreign
assets, which implies Az < 0, leads to net capital outflows. The second term relates to
portfolio rebalancing. A higher relative price of the Home asset leads to a net purchase of
Foreign assets for portfolio balancing reasons, implying net capital outflows. Finally, the last
term is a portfolio growth term. Higher relative Home saving raises capital outflows relative
to inflows associated with portfolio growth. A higher relative Home price will usually raise
the first two terms, while slightly lowering the last. It tends to lower the expected excess
return on the Home asset, lowering z;*. It also raises net outflows due to rebalancing.
Consider a shock that for unchanged ¢ implies CA; > NF}, such as a positive saving
shock or a negative investment shock, which increases C'A;, or a financial shock that leads
to a portfolio shift towards the Home asset, which decreases NF;. An increase in ¢ then
re-establishes equilibrium through several channels: lower relative saving, higher relative
investment (both lowering C'A;), a higher expected excess return on the Foreign asset and
portfolio rebalancing towards the Foreign asset (both raising NF;). The impact of shocks
on net capital flows will depend on the relative importance of these adjustment mechanisms,
especially on the sensitivity of net capital outflows NF; to ¢ relative to the sensitivity of

the current account C'A; to ¢P.

3 Data and Calibration

3.1 Data

We use quarterly data from 1980 through 2018 to compute data moments and calibrate
parameters. The Home country is the United States, while the Foreign country is a GDP-
weighted average of the remaining G7 countries. For real GDP, net saving, and net in-
vestment we use OECD Quarterly National Accounts data. Net saving and net investment
are not available at the quarterly frequency for all non-U.S. G7 countries, so we compute
the volatility and autocorrelations of saving and investment only for the US. As discussed

below, for the calibration of one parameter we use both Home and Foreign net saving and
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investment rates, for which we use annual data from the OECD Annual National Accounts.
The current account is the US current account from the IMF Balance of Payment Statistics
and is scaled by GDP from the OECD Quarterly National Accounts.

As in the model, dividends are defined as profits divided by the capital stock. Using
OECD Quarterly National Accounts data, we construct the profit measure as net operating

17 A quarterly capital stock measure is

surplus plus the capital share of mixed income.
obtained by combining annual capital stock data from Penn World Table 10.0 with the
quarterly gross investment series from the OECD Quarterly National Accounts, assuming a
quarterly depreciation rate of 0.015. Given data limitations for our profit measure, we use a
shorter quarterly dataset from 1995 to 2018 for the US and the non-US G7.'® These same
data are also used to calibrate the processes for the capital share and productivity. The
capital share is profits as defined above, divided by GDP minus net production taxes. It is
available from 1995 to 2018. The Solow residual is real GDP divided by Kzf;’tN,Zgh’t, where
Ny is Total Employment from OECD Main Economic Indicators. The productivity series
is available from 1980 to 2018.

We construct a measure of the excess return to compute its standard deviation o and
autocorrelation. The return to capital in our model is a broad return to productive capital.
We first compute a weighted average of equity and corporate bond returns. Equity returns are
computed from the quarterly change in MSCI Total Return Index in US dollars. Corporate
bond quarterly holding period returns are computed using data on corporate bond yields
from the Global Financial Database.'® We weigh equity and bond returns by their respective
shares of total market capitalization. Stock market capitalization is taken from the World
Bank’s Global Financial Development data. Corporate bond market capitalization is the
total amount outstanding from non-financial corporate and non-corporate issuers from the
Bank of International Settlements Debt Securities Statistics.

Based on US Flow of Funds data from 1980 to 2018, we find that equity and corpo-
rate bonds account on average for 51 percent of the liabilities of non-financial corporations

and non-corporations. The remainder are mostly safe assets such as bank loans and trade

I"Mixed income is an income flow to proprietors that includes both capital and labor income. As in
Cooley and Prescott (1995) and Gomme and Rupert (2007), we assume the labor share of mixed income is
equal to the share of employee compensation in unambiguous capital and labor income, that is, employee
compensation plus gross operating surplus. Details can be found in the Online Appendix, Section C.

18The OECD quarterly data report the sum of net operating surplus and mixed income. To attribute an
appropriate share of mixed income to profits, we first use data from the OECD Annual National Accounts to
obtain an estimate of the share that is mixed income. Then, we apply the share of mixed income to profits
that is equal one minus the labor share outlined above (see the Online Appendix, Section C for details).

19As in Gourinchas and Rey (2007), we compute holding period returns from changes in bond yields using
Eq. 10.1.19 in Campbell, Lo and MacKinlay (1997, p. 408), assuming that coupons are equal to yields and
an average maturity of 10 years. The moments for the excess return measure were virtually identical using a
zero coupon assumption with average duration of 10 years. See the Online Appendix, Section C for further
details.
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payables, for which the interest rate is known in advance. In order to reflect this in our
broader return measure, we therefore approximate o as the standard deviation of the excess
return based on equity plus corporate bonds, scaled down by a factor 0.51. Further details

regarding the data can be found in Online Appendix C.

3.2 Calibration

Some parameters are adopted from the literature, while others are based on direct measure-
ment in the data or targeting moments in the data. While we conduct sensitivity analysis,
for most of the results risk aversion 7 is set at 10. It is adopted from Bacchetta and van
Wincoop (2010), who use a model of gradual portfolio adjustment to account for the forward
discount puzzle. The steady state time discount rate is set at § = 0.99, implying a 4 percent
interest rate in the deterministic steady state. The mean capital share 6 is set at 0.362,
based on US data from 1980 to 2018 discussed above. The quarterly depreciation rate 0 is
set to 1.5 percent or 6 percent annually. This is computed using US data on consumption
of fixed capital as a share of the capital stock.

The steady state portfolio share Z invested domestically is technically not a parameter of
the model, but the mean tax rate 7 can be adjusted to obtain any z. We calibrate it based on
data from Bertaut and Tryon (2007), whose sample we extend from 1994 to 2015. One minus
Z is set equal to US external claims in stocks and bonds in the non-US G7, divided by total
equity, debt and mutual fund assets of US households from the U.S. Financial Accounts,
averaged over quarterly data from 1994 through 2015.2°

The AR coefficients p, and py of productivity and the capital share are based on data
for the Solow residual and capital share discussed above. For productivity we first remove a
linear trend. The AR coefficients are the average of those estimated for the US and non-US
G7. Using the resulting innovations for the US and non-US G7, we compute the standard
deviation of the average and relative innovations for productivity shocks and capital share
shocks, 044, 0D, 04 and opg.

The parameters 0., ¢, 0p g, Opm/C, and 04 /0p s = 0am/0Dm are jointly set to match
five moments in the data. Their values in Table 1 are based on ¢ = 1, which we refer to as
the benchmark. But we also consider ¢ = 0 and ¥ = 3 and these parameters will change as
we vary . The model moments are average moments over 1000 simulations over the same
sample length as in the data. While the parameters are set jointly to target five moments,
we have in mind a specific target moment for each parameter. The target moment for o,

is 0. As we will see, financial shocks are a dominant driver of the relative asset price and

20To make the external claims to non-US G7 comparable to the total equity and debt portfolio of US
residents (which includes non-G7 assets), we scale the claims on stocks and bonds in the non-US G7 by
dividing by their share in total external claims in stock and bonds of the US.
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therefore the excess return. op g is used to target the standard deviation of the saving rate.

A lower ¢ and higher op,,/¢ raise investment volatility, while higher values of both
parameters reduce the explanatory power of Tobin’s Q in investment volatility. We target
them to match US investment volatility (17°*/Y;) together with the R? of a regression of Al
on Ag. In the data, the latter is based on Andrei, Mann and Moyen (2019) using aggregate
US data for investment and Tobin’s Q from 1975 to 2015. Tobin’s ( on average accounts
for 25 percent of the variance of changes in the investment rate.

The ratios 04 3/0p s and 04, /0 p.m are higher the more correlated saving and investment
shocks are across countries. We use them to match corr(A[Sus/Yu+], AlSr:/Yr:]) and
corr(Allg+/Yus), Allpe/Yr:]) in the data. Since we are unable to match both of these
correlations exactly, and the saving and investment correlations are close to each other
(respectively 0.42 and 0.47), we set 04 3/0ps = Oam/0pm to match the average of the
cross-country correlations of changes in saving and investment rates. As discussed above, in
both the data and model these are based on annual data from 1980 to 2018.

The AR coefficients ps and p,, of saving and investment shocks are both set at 0.99.
Setting them much lower leads to autocorrelations of saving and investment rates that are
too low relative to the data. Finally, the AR coefficient p, of financial shocks is also set at
0.99. We will discuss higher and lower values as well in sensitivity analysis. The problem
with less persistent financial shocks is that it can significantly reduce the price impact of

financial shocks.

4 Results

We are interested in the impact of the portfolio friction, particularly on the relative asset
price and net capital flows. We first address this by considering three values of 1, while at
the same time adjusting other parameters to match targeted moments, as discussed above.?!
This is intended to give each value of 1 the best chance, which allows us to address for
what value of ¢ the model is most consistent with the data. After that we consider the
effect of changing the friction ¢ while holding other parameters constant. This allows us
to address the impact of the friction on the equilibrium relative price and net capital flows.
In both cases we consider the implications for model moments, the impulse response of the
relative price and net capital flows to shocks and the contribution of each of the shocks to
the variance of the relative price and net capital flows.

We finish with some robustness analysis. We consider the results when the portfolio
friction takes the form of a quadratic cost of deviating from the buy-and-hold portfolio

instead of the lagged portfolio. This means that there is a cost to any asset trade, including

210nline Appendix D reports these other parameters for all cases that we will consider.
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trade associated with portfolio rebalancing. We also consider alternative assumptions about

the rate of relative risk aversion and persistence of the financial shock.

4.1 Three Values of the Portfolio Friction

We present results for three values of the portfolio friction: ¢ = 0, v» = 1 and ¢ = 3.
In each case the parameters o,, ¢, opg, Opm and 043/0psg = Oam/0pm are changed
to target 5 moments, as discussed above. In computing the moments, we simulate the
model 1000 times over 260 quarters. The moments are computed over the last 160 quarters,
corresponding to the data sample from 1980 to 2018. The parameters are chosen such that for
the targeted moments the average of the model moments over the 1000 simulations matches

the corresponding moments in the data.

4.1.1 Benchmark Case: ¢ =1

We first consider the benchmark case of 1) = 1, for which all parameters are shown in Table
1. To get some sense of how realistic this case is, in the portfolio solution (12) the weight
on the lagged portfolio is n = 0.92. This is more meaningful if we relate it to a frequency p
of portfolio adjustment. There is an analogy between a quadratic portfolio adjustment cost
and a Calvo setup where investors change their portfolio with probability p. Bacchetta et al.
(2022) obtain a similar portfolio expression to (12) when adopting the Calvo friction. Then
the coefficient on the lagged portfolio is 1 — p. For a quarterly frequency, this means that
the probability of not making a new portfolio decision over an entire year is (1 — p)*. With
1 —p=mn=0.92, this means that approximately 70 percent of investors do not make a new
portfolio decision during the course of one year. To put this in perspective, the Investment
Company Institute reports that about 60 percent of US investors make no changes to their
stock or mutual fund portfolio during any particular year.?? This is not too far off from the
70 percent implied by ¥ = 1, especially when taking into account that some of the reported
transactions are for rebalancing purposes as opposed to a change in portfolio allocation.?
We first consider a set of moments implied by ¢ = 1, shown in column (ii) of Table
2. Average model moments and the standard errors are shown, with targeted moments in
italics. Data moments are shown in the first column. We consider standard deviations for five
variables: excess return, saving rate, investment rate, net capital outflows (current account)

as a fraction of GDP and relative output growth. Four autocorrelations are included: excess

22In the year 2001, 60 percent made no change (Equity Ownership of America, 2002). In the year 2007,
57 percent made no change (Equity and Bond Ownership of America, 2008).

23Specifically, 55 percent of those conducting transactions in 2007 reported rebalancing as a reason. But
on average respondents gave 3 to 4 reasons for conducting transactions. We do not know what fraction
exclusively conducted transactions for rebalancing purposes.
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return, saving rate, investment rate and net capital outflows as a fraction of GDP. Four
contemporaneous correlations are considered: the time series correlation between saving and
investment rates, the correlation between the current account and output growth (cyclicality
of the current account), the correlation between Home and Foreign asset price changes and
between the relative asset price change and the relative dividend change.

The three “other” moments at the bottom of Table 2 are the R? of a regression of the
change in the relative investment rate on the change in Tobin’s Q, the size of a one standard
deviation financial shock (o,\) and the parameter M that measures the price impact of
financial shocks given in (14). No direct data measurement for the last two moments exists.

The model does a good job accounting for all of the data moments when ¢ = 1. All
non-targeted moments are close to those in the data. The model is also consistent with a
variety of other stylized facts documented in the literature. The first is the fact that asset
prices are mostly driven by financial shocks (e.g. Koijen and Yogo (2019) for equity and
Itskhoki and Muhkin (2021) for exchange rates) and therefore disconnected from observed
fundamentals like dividends. Table 3 reports the contribution of the shocks to the variance
of the excess return and net capital flows, with column (ii) reporting results for the ¢ = 1
case. We see that 91 percent of the variance of the excess return is driven by financial shocks.
This is also evident from Figure 1, which shows impulse response functions for one standard
deviation shocks. Financial shocks are clearly the dominant driver of the relative asset price.

The large role of financial shocks is a result of a large price impact parameter M of 1.5
in the last row of Table 2. It is somewhat lower than the price impact of 5 estimated for
the equity market by Gabaix and Koijen (2020) through Granular Instrumental Variables
(GIV). But that is as expected as the assets in this paper are broader claims on capital that
are less risky. Lower risk leads to a stronger portfolio response to expected returns, which
reduces the price impact. As we will see, a price impact of 1.5 is a substantial order of
magnitude larger than in the frictionless case.

The literature has also documented extensive evidence in a broad set of financial markets
of excess return momentum and reversal. For example, Moskowitz et al. (2012) document
momentum and reversal in commodity, equity, currency and bond markets. They show
that excess returns are positively correlated with their own lag up to about 12 months
(momentum), while they are negatively autocorrelated for longer lags (reversal).?* The
model with ¢ = 1 is consistent with both momentum and reversal. It generates a positive
autocorrelation of the excess return of 0.15 (Table 2), close to that in the data. In response
to financial shocks the relative price continues to go up for two additional quarters after the

initial shock (Figure 2, panel A), which generates a positive autocorrelation of the excess

248ee also Jegadeesh and Titman (1993), Lim et al. (2018), Chan et al. (1997) and Cutler et al. (1991)
for evidence of momentum and De Bondt and Thaler (1985), Fama and French (1998) and Poterba and
Summers (1988) for evidence of reversal.
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return. After that it starts to fall (negative excess returns), consistent with reversal.?

The model is also in agreement with a significant literature on post-earnings announce-
ment drift (see Fink (2021) for a recent review), which says that stock prices continue to rise
for months or quarters subsequent to a positive earnings announcement. Panel C of Figure 1
shows that a positive productivity or capital share shock, which both raise dividends, leads
to a continued rise in the relative price for an additional quarter after the shock.

We can conclude that the model is consistent with a broad set of evidence related to asset
prices.?8 Taking the case of ¢ = 1 seriously, we can use the variance decomposition in Table
3 and impulse response functions in Figure 1 to draw conclusions regarding the impact of
the various shocks on the relative price and net capital flows. Productivity and capital share
shocks are very similar as they both affect dividends. Together they are simply referred to as
dividend shocks in Table 3. Investment shocks are also similar to dividend shocks in terms
of the impact on the relative price, which operates largely through the effect on relative
dividends. A rise in mP lowers relative Home investment, which lowers the relative Home
capital stock, which raises the relative Home dividend.?”

In terms of the relative price, we have already noted that financial shocks dominate. The
impact of saving shocks is nil, while investment and dividend shocks together account for
about 10 percent of the variance of the excess return. Saving shocks raise the left-hand side
of the equilibrium condition S — I = NF'| while financial shocks lower the right-hand side.
The reason that saving shocks have a much smaller effect on the relative price than financial
shocks is that they are very small as a fraction of the entire financial market. The other
shocks affect dividends, which affect the expected excess return and therefore NF. Even
with the portfolio friction, this perturbs the equilibrium condition S — I = NF more than
saving shocks, though much less than financial shocks.

Table 3 shows that net capital flows are dominated by financial shocks and saving shocks.

25To establish evidence of momentum and reversal, the literature has used evidence on many firms,
commodities and currencies. In this paper we only have a time series for one relative price (US rela-
tive to the rest of the G7), which is not sufficient. When we use the relative price of each of the six
non-US G7 countries relative to the US, we find marginal evidence of momentum. The pooled regression

D:i is the log price of country 4 relative to the US, delivers a

D,i D,i D Dy

TGy1 — @~ = a0t a1 (qt - qt_l), where ¢

coefficient a; = 0.0663 with a t-value of 1.67.
26We should also point out that the welfare cost associated with the portfolio adjustment cost

is very small. Appendix A shows that V;: = Whytefh’f, where fj; follows the difference

equation (A.16) in Appendix A. Linearizing and solving the difference equation, we get fr: =

Yoo, Bt (Etrf-fi-i-l — 0.5¢(2n 145 — zh7t+5_1)2)). Using the same 1000 simulations of 260 quarters, for

each simulation we can compute the sum on the right hand side and determine how much f3 ; is reduced
by the quadratic portfolio cost term. We take the expectation by averaging across the simulations, although
the results do not vary substantially across simulations. fj ; is reduced by 0.0012 as a result of the portfolio
friction. This implies a welfare cost of 0.12 percent of wealth (and therefore consumption).

2"The lower relative Home capital stock also raises the relative price through a supply effect. But this is
weaker than its effect through the relative dividend.
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They each account for about 47 percent of the variance of net capital flows. Financial shocks
affect net capital flows through the relative price, which affects relative investment through
the Tobin Q relationship and relative saving through its impact on relative wealth and
therefore relative consumption. As discussed, the link between investment and Tobin Q
is calibrated to be realistic, while the marginal propensity to consume out of wealth of 4
percent per year in the model is also within the range of estimates in the literature.?®
Saving shocks also have a significant effect on net capital flows. Since they have very little
effect on the relative price, there is limited feedback from the relative asset price change back
to saving and investment. Therefore a rise in Home saving corresponds to capital outflows
of virtually the same magnitude. This is not the case for an investment shock, which affects
dividends and therefore requires a larger price adjustment that mitigates the impact on

equilibrium net capital flows.

4.1.2 Larger Portfolio Friction: ¢ =3

We now consider a larger friction of ¢y = 3. This implies n = 0.957. Drawing again an
analogy to a Calvo type portfolio friction, it implies that about 84 percent of investors make
no portfolio change during the course of a year. This is a bit on the high side given the 60
percent of investors that make no change to their stock or mutual fund portfolios. However,
we cannot dismiss it outright. As discussed in the introduction, 90 percent of investors make
no change to their retirement portfolio during a given year.

With one exception, the model with ¢) = 3 does a good job in matching the non-targeted
moments in Table 2 (see column (iii)). The exception is the autocorrelation of the excess
return. It is 0.35, which is more than three standard deviations above the data. As we
raise v, portfolios adjust more gradually, which gives rise to a more gradual adjustment of
asset prices in response to shocks, leading to a higher autocorrelation of the excess return.
With ¢ = 3 there is stronger momentum. Figure 2, which shows impulse responses when
1 = 3, shows that the excess return continues to rise for three more quarters after a positive
financial shock. There is also significant post-earnings announcement drift as the relative
price continues to rise for several quarters after a positive dividend shock (through either
productivity or the capital share).

Both from evidence on the frequency of portfolio changes and the extent of momentum

implied by ¢ = 3, it appears that this level of the friction is a bit too high to be consistent

28We have experimented with setting the adjustment cost parameter ¢ at infinity, so that investment is
constant. If we adjust the size of o, and op g, so that we continue to match the volatility of the excess
return and the saving rate, we find that saving and financial shocks now contribute respectively 95 percent
and 3 percent to the variance of net capital flows. In our benchmark parameterization we find that financial
shocks are an important driver of net capital flows as their effect on the asset price feeds back to net capital
flows through investment. Saving is not very sensitive to the asset price, so that feedback mechanism is
weaker.
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with the data. Not surprisingly, the higher portfolio friction implies a larger price impact of
M = 2.2, requiring smaller financial shocks to be consistent with the data (see bottom of
Table 2, column (iii)).

4.1.3 Frictionless Case: ¢ =0

Column (i) of Table 2 reports model moments without any portfolio friction (¢» = 0). At
first it looks like the model performs well without any portfolio friction. However, this only
occurs as a result of massive financial shocks. The size of a one standard deviation financial
shock (second row from bottom) is 0.21. This corresponds to an exogenous portfolio shift
that leads to a change in demand for the Home asset equal to 21 percent of the entire Home
financial market during just one quarter. By contrast, the financial shock is only 1.7 percent
of the market when ¢ = 1 and 1.1 percent when ¢ = 3.

The reason that such a large financial shock is needed without the portfolio friction is
that financial shocks have little price impact. Without portfolio frictions, portfolios are
very sensitive to changes in expected returns. A financial shock is therefore easily absorbed
through a small change in the expected excess return that involves a very small change
in the relative asset price. We are then unable to account for the observed volatility of the
excess return, and the low correlation between the relative price change and relative dividend
change, unless financial shocks are massive in size.

The last row of Table 2 reports a price impact of M = 0.12 when 1) = 0. This means that
the relative price rises only 0.12 percent in response to a 1 percent portfolio shift towards the
Home market. This is a factor 16 smaller than when ¢ = 1 and a factor 19 smaller compared
to ¢ = 3. The price impact with frictions is much closer to what Gabaix and Koijen (2020)
estimate for the equity market.

The frictionless case also does not produce any excess return momentum and reversal
or post-earnings announcement drift. Figure 3 shows impulse responses when ¢ = 0. In
response to financial shocks and both types of dividend shocks, the relative price gradually
drops over time after its increase at the time of the shock. Even if we made the rate of
relative risk aversion very high, which would increase the price impact of financial shocks,
this lack of momentum would remain. It explains why the excess return is slightly negatively
autocorrelated in Table 2 when ) = 0. Introducing other features that raise the price impact
of financial shocks, such as segmented markets or disaster risk, are analogous to simply raising
risk aversion and therefore would not generate asset price momentum or reversal.

Table 3 shows that it remains the case that close to 90 percent of the variance of the
relative price is driven by financial shocks, while financial and saving shocks dominate net
capital flows. However, this happens only because we adjust the size of financial shocks to

an implausible level.
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To summarize, the model best describes the data for an intermediate value of the portfolio
friction. Without the friction, implausibly large financial shocks are needed and there is no
asset price momentum, reversal or post-earnings announcement drift. When the friction is
too large, there is too much momentum. The autocorrelation of the excess return becomes

too large.

4.2 Impact of Change in Portfolio Friction

So far we changed five other parameters when changing the portfolio friction, targeting
several moments. We now hold the other parameters constant in order to see the impact of
changing the portfolio friction by itself. Specifically, we hold other parameters constant at
their level for the 1) = 1 case, shown in Table 1 and corresponding to column (ii) of Table
2. We only adjust o, in order to keep the size of a one standard deviation financial shock
constant as we change 1. Another way to put this is that we hold constant the process of the
portfolio shift variable f; = A7 in (12). The purpose of this exercise is purely to understand
what the friction does in the model. It is not reasonable to compare the performance of the
model across these cases as we only target key moments in the ¢ = 1 case.

For all three values of 1, Figure 4 reports the impulse response functions of the relative
price and net capital flows to one standard deviation shocks. Chart A of Figure 4 shows
that the impact of financial shocks on the relative price is enormously affected by the level
of . The impact is much larger with ¢» = 1 than ¢ = 0 and much larger when 1) = 3 than
1 = 1. This is as expected as a larger portfolio friction implies a weaker portfolio response to
changes in expected returns, requiring larger relative price changes to generate equilibrium
in response to a financial shocks. Panel B of Figure 4 shows that the impact of financial
shocks on net capital flows is also much larger as we raise ). This is again because both
relative saving and investment are linked to the relative price.

These results are also reflected in Tables 2 and 3, where columns (iv) and (v) report
results for ¢ = 0 and ¥ = 3 when holding the other parameters constant at the level for
1 = 1. Consistent with the impulse response functions, Table 3 shows that the contribution
of financial shocks to the variance of the relative price and net capital flows are both nil when
we lower 1 to zero. By contrast, when we raise 1 to 3, the large price impact of financial
shocks implies that they account for 99 percent of the variance of the relative price and 91
percent of the variance of net capital flows. Table 2 shows that lowering ¢ to 0 reduces the
standard deviation of the excess return to about one third of that in the data, while raising
1 to 3 raises the volatility of the excess return to more than twice that in the data. This is
all related to the much larger impact of financial shocks as we raise the portfolio friction.

The portfolio friction also affects the response to the other shocks. First consider the

relative price. Similar to financial shocks, panel C of Figure 4 shows that the price impact
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of saving shocks is larger when the portfolio friction increases. Conversely, panels E and G
show that the price impact of the other shocks is weaker as 1 increases. We do not show
productivity shocks as the impact is similar to capital share shocks, both affecting relative
dividends.

Just like financial shocks, saving shocks require a larger change in the relative price to
equate S — I to NF when 9 rises as the portfolio share is less sensitive to expected excess
returns. However, even for large 1) the price effect remains small since saving shocks are small
relative to the overall financial market. The other shocks, including investment shocks, affect
the relative price largely through their effect on relative dividends. The larger v, the smaller
the portfolio response to a change in expected relative dividends (which affect the excess
return), leading to a smaller initial price effect.

Next, consider net capital flows. The response of net capital flows to saving shocks is
affected only to a small extent by the friction. This is due to the small price impact of
saving shocks, even with the friction, leading to limited feedback to saving and investment
and therefore net capital flows. The response of net capital flows to dividend and investment
shocks is increased under a higher portfolio friction. Investment shocks and capital share
shocks both lead to net capital outflows. For investment shocks, a rise in mP lowers relative
Home investment, giving rise to a positive current account (net outflows). For capital share
shocks, a rise in 67 raises the relative Home dividend, which raises relative Home saving,
also generating net outflows. The increase in the relative price for both shocks lowers saving
and raises investment, which dampens the size of net outflows. Higher portfolio frictions
weaken the initial price impact, leading to larger equilibrium net outflows.

Overall we can conclude that the size of net capital flows is increased when we raise the
portfolio friction. A smaller friction leads to smaller net capital flows. Only for saving shocks
does the friction not matter much. This means that the relative importance of saving shocks
for net capital flows increases as we lower the friction and falls as we raise the friction. We
see in Table 3, column (iv), that lowering ¢ to zero raises the contribution of saving shocks
to the variance of net capital flows to 91 percent. By contrast, raising ¢ to 3 (column (v)
of Table 3), saving shocks account for only 8 percent of the variance of net capital flows and

financial shocks account for 91 percent.

4.3 Robustness Analysis

We consider two types of robustness analysis. We first introduce a buy-and-hold portfolio
friction, where there is a quadratic cost of deviating from the buy-and-hold portfolio instead
of the lagged portfolio. After that, we consider how results change for different values of the

rate of risk aversion v and persistence p, of financial shocks.
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4.3.1 Buy-and-Hold Portfolio Friction

We have so far assumed that the portfolio friction takes the form

w(zh,t - Zh,tfl)Q-

We now replace this with
¢(Zh,t - zll;],lt)27

where z;’f@ is the buy-and-hold portfolio. This is the portfolio at time ¢ if investors do not
buy or sell any assets. In this case there is a cost associated with any asset trade, even if it is
just for the purpose of portfolio rebalancing. A higher friction will now reduce the extent of
portfolio rebalancing, which further weakens the response of net capital flows N F' to changes
in the relative asset price.

The buy-and-hold portfolio is equal to

Zht-1 et
bh P QH -1
“hit = QH,t 1 Qrt -~ (4())
“h.t—1 Qui-1 + ( - Zh’til)QF,t—l
Linearizing, we have
zzht = zne +2(1 = 2)AP. (41)

We therefore modify the Bellman equation (2) by replacing the portfolio cost 1 (2 — 2p¢—1)?
with
_ _ 2
P (Zh,t — 2Zpe—1 — 2(1 — Z)Ath) ) (42)

We leave all algebraic details of this extension to the Online Appendix.

Columns (vi) and (vii) of Table 2 report the model moments when ¢ = 1 and ¢ = 3.
Obviously there is no impact for the frictionless case of v = 0. We again change other
parameters to target five moments. We can compare to columns (ii) and (iii), where there is
a quadratic cost in deviation from the lagged portfolio. A couple of points stand out. First,
the size of the financial shock (near the bottom of the table) is now even smaller. When
1 = 3, a one standard deviation financial shock is now only 0.75 percent of the Home asset
market (versus 1.1 percent before). A smaller financial shock is needed as asset prices are
now even more sensitive to financial shocks. This is due to weaker portfolio rebalancing.
Related to that, the price impact parameter M at the very bottom of Table 2 is now 3.2
when 1 = 3, compared to 2.2 before.

The other significant difference is that the autocorrelation of the excess return is now
-0.005 for both ¢p = 1 and v = 3. This is especially remarkable for ¢) = 3, where the

autocorrelation of the excess return was too high with a cost of deviating from the lagged
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portfolio. This is no longer a problem with the buy-and-hold friction. The autocorrelation is
within two standard errors of the data and if anything is on the low side. There is no longer
asset price momentum.

When the portfolio cost relates to a deviation from the lagged portfolio, investors will
change their portfolio gradually. This leads to a more gradual response of the relative price
to shocks, as clearly seen in the humped shaped price response to financial shocks in panel A
of Figure 2 and in panel C for dividend shocks. This gives rise to a positive autocorrelation
of the excess return. We find that this is no longer the case when the portfolio cost relates to
a deviation from the buy-and-hold portfolio. For all shocks, when the price rises at the time
of the shock, it will subsequently slowly fall. This accounts for the lower, and even slightly
negative, autocorrelation of the excess return.

To understand the difference, consider a financial shock that leads to a persistent flow
into the Home market. With a cost of deviating from the lagged portfolio, portfolio rebal-
ancing is critical to generating equilibrium. As the price gradually increases, the expected
excess return is initially positive. This leads to an even larger flow into the Home market.
Equilibrium is established as investors sell the Home asset for portfolio rebalancing reasons.
But the buy-and-hold portfolio friction significantly weakens portfolio rebalancing. Then
equilibrium needs to be established through a lower expected excess return on the Home
asset that leads investors to sell the Home asset. This means that the relative price must
slowly drop after the initial increase, which is exactly what happens.

In reality both types of portfolio costs are likely to be important. As discussed in foot-
note 15, which cost is more important remains an open question. We could introduce an
intermediate case where there is both a cost of deviating from the lagged portfolio and the

buy-and-hold portfolio.

4.3.2 Sensitivity Analysis

We finally consider the sensitivity of results to two important parameters, v and p,. We find
that when we redo the first three columns of Table 2 for different values of these parameters,
the moments do not change significantly, as long as we keep adjusting the other parameters
to match the targeted moments. However, what does change significantly is the size of
financial shocks needed to match these moments and the price impact parameter M (bottom
two rows of Table 2). Table 4 reports these two variables for alternative values of v and p,.
For comparison, it shows the baseline results as well, where v = 10 and p, = 0.99.

We first raise v to 100. That is clearly excessively large, but is meant to illustrate an
alternative way to weaken the portfolio response to expected returns, even without portfolio

frictions.?? As a result, the size of financial shocks needed to account for the data is smaller

29 As discussed, this could alternatively be done by increasing perceived risk (e.g. infrequent disaster risk)

26



and the price impact parameter M is much larger. But we can see from Table 4 that even
with v = 100, M remains much smaller than under the baseline with the portfolio friction.

In fact, no matter how much we raise risk aversion in the frictionless case, we never match
the level of M when either v = 1 or ¢ = 3 and v = 10. Even if we set v equal to infinity
in the frictionless case, so that we completely shut down the portfolio response to expected
returns, the price impact is still substantially larger with the friction. This is because with
the friction a financial shock leads to a hump-shaped price response. Initially the relative
price therefore continues to rise. This leads to positive expected excess returns on the Home
asset that generate a further shift towards the Home asset, amplifying the impact of the
financial shock. This does not happen under the buy-and-hold friction, but in that case M
is even bigger because it weakens portfolio rebalancing as an equilibrating mechanism.

Another advantage of weakening the portfolio response to expected returns through the
portfolio friction, as opposed to a very large -, is that it can account for excess return
momentum and reversal, as well as post-earnings announcement drift. In the frictionless
case we cannot generate this, no matter how large ~.

The last two rows of Table 4 consider a lower and higher value of the persistence of
the financial shock. The persistence is p, = 0.99 in the baseline case. We first lower it
significantly to 0.95 and then raise it to 0.995. A lower persistence implies that larger
financial shocks are needed to account for the targeted moments, especially excess return
volatility. In the frictionless case, a one standard deviation financial shock is now equal to 49
percent of the Home asset market and the price impact parameter M is only 0.05. Raising
pr t0 0.995 does the opposite, although the changes there are relatively modest. It remains
the case that in the frictionless case excessively large financial shocks are needed to account

for the data moments and the price impact parameter M is very small.

5 Conclusion

Over the past decade portfolio choice has become an important element of many DSGE open-
economy models. However, standard frictionless portfolio choice models have implications
that are at odds with both micro and macro evidence. In this paper we have introduced a
portfolio adjustment friction into a two-country DSGE model. While there is a literature that
has introduced similar frictions, this has usually been in the context of partial equilibrium
models. Here we have introduced the friction into an otherwise quite standard two-country
DSGE model by assuming that the assets are broad claims on capital stocks. This allows us
to investigate not just the asset pricing implications, but also overall net capital flows.

Portfolio adjustment frictions allow us to connect better to the data in a variety of ways.

or introducing market segmentation.

27



First, it connects to micro evidence of infrequent portfolio adjustment by households. Second,
it implies a much larger price impact of financial shocks, addressing a criticism by Gabaix
and Koijen (2020) of frictionless models. Related to that, it can account for evidence that
financial shocks are the dominant driver of asset prices and asset prices are disconnected from
observed fundamentals. Third, it can account for a variety of moments involving national
saving, investment and net capital flows. Finally, it can account for evidence of excess
return momentum and reversal in a broad set of financial markets, and related post-earnings
announcement drift.

The portfolio friction plays an important role for both asset prices and capital flows. We
find that a higher portfolio friction significantly increases the impact of financial shocks on
asset prices, while reducing the price impact of shocks that affect dividends (productivity
shocks, capital share shocks and investment shocks). For net capital flows, the portfolio
friction increases the impact of both financial shocks and shocks that affect dividends. The
effect of saving shocks on net capital flows is little impacted by the friction. In a plausible
calibration we find that financial and saving shocks both account for close to half of the
variance of net capital flows.

An important direction for future research is further measurement of the magnitude of
portfolio frictions. While Bacchetta et al. (2021) do so for US mutual funds that invest in
foreign equity, it will be important to consider the portfolio behavior of individual house-
holds. A substantial literature has documented portfolio inertia by households, but has not
estimated portfolio expressions implied by such frictions. The behavior of individual house-
holds is important even when they invest in actively managed mutual funds as it is up to

households to make reallocation decisions between these funds.
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Appendix

A Derivation Portfolio Expressions

Although all investors in each country will make the same portfolio and consumption deci-
sions, it is useful to introduce superscripts ¢ for investors from a particular country, assuming
that there is a continuum of investors in each country on the interval [0,1]. The portfolio
share of investor 4 from country & allocated to the Home country is then zj ,, consumption

is C} ,, and the portfolio return is Rtfl’i. The Bellman equation is

In (Vh t) = Inax {(1 — But) ln(C,im) + Bt {ln ([Et (Vhi,t—s—l)liq 17) - 0-5@/)(22,,5 - Zliz,t—l)ﬂ } .

C}Zz %0t

(A1)

Wealth W} , evolves according to

i i (1r7i i
Wh,t+1 = Ri)ﬂ (Wh,t - Ch,t) ) (A-Q)
where the portfolio return is

R?ﬁ’i - qu,tRH,tﬂ +(1- Z]i'{,t)e_TH'tRF,t+1 + T (A.3)
R = 2y ™ Riggn + (1= 2 Rigsr + Trgrn. (A4)

The costs 75,; are reimbursed lump sum through 7} ;, which depends on the average portfolio
share z,; = fol zj, ,di that the agent cannot control. In equilibrium all agents will then earn

the portfolio returns

Rt+1 iR + (1 — zp) Ree (A.5)
Ri)jrl = ZF,tRH,t—i-l + (1 — ZF,t)RF,t—i-l- (A6)

Conjecture that the value function takes the form
Vi = Wi el Sees), (A7)

The function f; captures expected future portfolio returns and risk. It depends both on a
vector S; of aggregate state variables that agent ¢ cannot control and on z,il’hl. We then
have

Vhi,t—i-l = (Wﬁt Cht)R;f-ﬁLll ISerrizhe), (A.8)

Note that zj ,, a control variable of agent i at time ¢, affects V}!, | both through the portfolio
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return and through f,(S;41, 2j,,). Denote

, ofi,
P= — A9
h,t aZ;Lt 17 ( )

)

where fi, = fi(S, 2,,_,). We then also have

. of}
N1 = i (A.10)

where fli,t—s—l = fn(Se11, Z}th)

The Bellman equation can be written as

ln(Vh"’t) = C{.na}f {(1 — Bnt) ln(Ciiz,t) + 5h,tln(Wi§,t - Ciiz,t) - 0-55h,t¢<zliz,t - Ziiz,t—l)z‘i‘
h,t?h,t
1 i\ (1=7) fr(St41.2% ;)

The first-order condition for consumption is

Cliz,t =(1- /Bh,t)W}it- (A.12)
The portfolio problem is
1 pzhvi 1_7 (177)fh(st+1 Zi ) { i 2
max  7— 7ln E, (Rt+1 ) e Fhtt ) — 0502 — 2 0)" ¢ - (A.13)
Zht

The portfolio Euler equation for Home and Foreign agents is

p,H,i i p,H i
By i et 0 i o R e =T () fir (A.14)
A= +(1-n) f i — i A=+ 1= 1
Eqe e T N1 = V(2 — 21) Ere e flat
Fi ) i )
E’te_’yrf_"_lﬂ"!‘TH,tw‘»l_TF,t+(1_'7)f%"t+1 _ Ete_'yrfj‘_l,z"l‘rF,tJﬁl+(1_'7)fft‘yt+1 + (A15)

AP AN N — (5 i A=)+ (1= f
Eie e Pt Np o = V(2 — 2py1) EBre s it

Here the lower case r refers to log asset returns and portfolio returns.

The Bellman equations are

f}i,t = Brln(Brs) + (1 = Br)In(l — Bryt) + (A.16)
Bt In <Ete(lﬂ)rfﬁ”#(l*v)fi,tJrl) — 0580 (2, — 2y 1)?.
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It follows that
/\Z,t = 5h,t¢)(ziiz,t - Zli,t—l) (A.17)

We can now remove the i superscripts. Define

fh,t = fh(Sta Zh,t—l)
)\h,t = Bh,tw(zh,t - Zh,t71>-

Note that frir1 = fn(Ses1,2nt). fri+1 now depends only on the aggregate state at ¢ + 1.
The first-order portfolio Euler conditions for Home agents are

H H
Ete—’)”flrl +rac1+(1—y)fa e Ete—’ﬂ’fjrl +ree1—THe+ (=) fH,t41 +

Ete(lfw)TfﬁJr(l*v)fH,tﬂwﬁH v (Zras — 2my) =

V(zms — Z’H,t—l)Ete(l_wrffl[Jr(l_v)fH’Hl (A.18)
Analogously, the first-order portfolio Euler condition for Foreign agents is

F F
Ete—wf;l-&-?“H,tﬂ—TF,t+(1—’Y)fF,z+1 _ Ete—vrf’ﬂ-l—?“F,tH+(1—“/)fF,t+1 +

Ete(l_wrfﬁﬂl_ﬂ’)ffﬂ‘t“¢5Ft+1(ZFt+1 — 2Rp) =

w(ZF,t _ zﬂtil)Ete(lf'Y)Tf4€+(1*’Y)fF,t+1 ) <A19)

Consider the portfolio Euler for Home investors. Denote ;11 = x411 — Fyxy 1. The Home
portfolio Euler can then be written as

p.H H P p.H H ;
Ete(l—'Y)TfH-FTH,tH—TfH +(1=)fH,e+1 _ Ete(l—“f)TfH +reep1—ri —TH+1=7) fH i +

BV ey By (2 — 2s) =

V(zms — ZH,t—l)Ete(l_”ffﬁﬂlﬂ)f}[’t“- (A.20)

For the first, second and fourth terms we will approximate by taking the expectation
of the exponential terms, assuming normality, and then linearizing around expectation and
variance terms in the exponential being zero.

We cannot follow this procedure for the third term as the exponential term is multiplied
by a stochastic variable. We instead take a second-order Taylor expansion and then take the
expectation. Note that this will deliver the same result if it were just an exponential term.

Treating portfolio shares as a parameter around which we do not linearize, the second-order
Taylor expansion is

VBu 1 (zHee1 — zme) + U <(1 - V)ffﬁ +(1- 7)fH,t+1> (ZH41 — 2ZHy4) (A.21)

31



The expectation of the third term in the portfolio Euler then becomes

YE L1 (B2 — 2m) + Yeov(Bu s, ZHi+1)

+YB(1 — ’V)COU(Tfﬂa Ziev1) B —y)cov(fres Zmer1)- (A.22)

Linearizing the first term, this becomes

VE(Eizgiv1 — 2mt) +w, (A.23)

where

w = ¢COU(BH,1€+17 ZH,t+1) + wﬁ(l - V)COU(T’?’E, ZH,t+1) + wﬁ(l - 7>COU(fH,t+17 ZH,t+1)~ (A-24)

We will treat w as a constant hedge term.
For the first two terms of the Home portfolio Euler (A.20), we compute the expectation
of the exponential and then linearize with respect to a zero variance and expectation (and a

zero tax). Combining the first two terms gives

Eieriyr + 7t + 0.5var(rgi41) — 0.5var (rpiq1) — yeov(eriyq, rfjﬁ) + (1 —7)cov(eriit, faisr)-
(A.25)

Using the linear approximation 227 = zyerii1 + rpre1, we can write this as
t+1 1t + 41

Ereri 1 +7r—y0 2 —ycov(ersyr, Trip1) F0.50ar (1 1) —0.5var (rp 1)+ (1—7)cov(ersy, fuii1),
(A.26)
where 02 = var(eri1).
For the last term of the Home portfolio Euler (A.20), first compute the expectation of

the exponential, then linearize, including with respect to portfolio shares. This gives

Yzt — ZHi-1)- (A.27)

To summarize, we have

BU(Erzp i — 2mg) + Erero + Tap — U(z0e — 2H0-1) — 70 25 +ve =0, (A28)

where

vy = w + 0.5var(rg 1) — 0.5var(rpip1) — yeov(eryyr, rpiv1) + (1 — y)cov(eriya, faii)-

This is a hedge term that we treat as a constant.
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Collecting terms, we have

/BwEtZH,t—I—l — (70'2 + @Z)(l + /6)) ZH,t + ¢2H7t_1 + Etert+1 + TH,t ‘I— Vg = O (A29)

Following the same approximation method for the Foreign portfolio Euler equation, we have
BYEizpe — (702 + (1 + 5)) 2pe +V2pi—1 + Eeryyy — 1py +vp = 0. (A.30)
Taking the average of these equations, it follows that
BYEzl, — (vo® +¥(1+ B)) 2+t + Eeryy + 0572 + 04 = 0. (A.31)

As a result of symmetry, in the the risky steady state z% = 0.5 and the expected excess

return is zero. It then follows that v4 = 0.5y02.

B Linear System of Equations

We first solve the deterministic steady state. The steady state gross return is equal to
R=1/8=1+0AK%1—§ Weset Asuch that this implies a steady state capital stock of 1.
Therefore A = (1—+68)/(50). We also have Q =1, [ =6, W =1/ and D = (1-)/8.

Asset returns (22) are then log-linearized as

Thi1 = (1 = B)dnes1 + Banit1 — ut, (B.32)

while dividends (23) are log-linearized as

1-38+63 1
A1 = 15 (ah,t+1 + 59h,t+1 + (0 — 1)/€h,t+1) - (B.33)

The excess return then becomes

1
erer = (1—5+40p) <atD+1 + 59:5111 +(0— 1)k£r1> + Bap — af- (B.34)

Combining (16) and (21), and log-linearizing, we have kp, 111 = knt + (1/C)(qnt — mnt)-
In terms of differences and averages, this becomes

1

kb =k + c (¢ —m{) (B.35)
1

ki =k + c (4 —mi). (B.36)
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(3) and (8) imply that wy 11 = rfjrhl +(n(Bht) + wpy. Linearizing the log portfolio return

for both Home and Foreign countries, using (6)-(7), gives

1

WHt+1 = WHt + BﬁH,t + Zrgi + (1 — 2)rpe (B.37)
1

WrEi1 = Wrt + BﬁF,t + (1 — E)TH’t+1 + Zrpiqa. <B38)

Using (B.32)-(B.33), we then have

A A
Wi = wp +

1

S0 a1 = 5+ 08) (athy + 4o+ 0 - DI, ) B39
1

Wy = wf B0+ (- 1al — (25 - VP

H25 = (L 5408) (o + 502, + (0 - DAEL ). (B.40)

Linearizing the market clearing conditions (24)-(25) gives

1
E (ZBus + (1 — 2)Bry) + Zwmy + (1 — 2)wpy + 2224 = qus + ka1 (B.41)
1
3 (1= 2)Bus + 28ps) + (1 — 2)wpe + Zwpy — 22 = qry + kpgi1. (B.42)
Taking the average and difference, this becomes
Lo
Bﬁt +wt Qt + kt+1 (B.43)
2z —
3 @t + (27 = Dw +4z" = ¢ + kt+1 (B.44)

The last linearized equation is the portfolio equation (11). After substituting the excess
return (B.34), this becomes

BUEz, — (v0® + (1 + B)) 2 + vz, + (B.45)

(1 - B+ 55)Et <at+1 + 99t+1 (9 - 1)k£r1) + ﬁthtl?H - (LP + O~5TtD =0.

The model is now solved by splitting the system into averages and differences. Regarding
the differences, there are 9 equations: relative capital accumulation (B.36), relative wealth
accumulation (B.40), relative market clearing (B.44), the portfolio expression (B.45) and five
exogenous processes associated with the shocks: relative productivity shock (27), relative

capital share shock (29), relative saving shock (32), relative investment shock (34) and
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financial shock (35). In the Online Appendix we show that this can be reduced to a system
in 8 equations, after substituting the relative market clearing conditions into the portfolio
expression (B.45). Some further substitutions then lead to a system of the form A, Eyz,1 =
Asxy, where x, = (St, q’ ),, where S, is the vector (36) of state variables. This can be used
to solve for ¢ as a linear function of S;.

In terms of averages, the model can easily be solved by hand. Take the average wealth
accumulation equation (B.39) one period earlier and substitute the average market clearing

condition (B.43) and average capital accumulation equation (B.35). This gives

1 1 1 1
¢t = =371 (me + E/@;‘ + (1= B+ 0B)a + 5(1 = B+ 6B)07 + (1 - B +08)(0 — 1>k{‘)
(B.46)

C Saving, Investment and Net Capital Flows

Net saving is equal to labor plus dividend income, minus consumption. Saving in country h

is then
Spy = —(1 = Bra)Whye + (C.47)
Be1 Wi < 5’::1 (eH,tAH,tKﬁ,ff;‘l - 5) + uéj%‘l) <9F,tAF7tK§f;t_1 - 5)) .
Linearizing for both countries, we have
st = 2 e = 2 s~ 22 G + (- 2o
i1 ; P iy + (1 2)dry) (C.48)
Snd = B;t ﬁ255Ft 1 ! ; 5AwF,t - % (1 —2)qms—1 + Zqri-1)
+% (1 —=2)duy + zdpy) - (C.49)

This uses the expression (30) for log dividends. It follows that

Dmnet B_t ﬂ _1_5 D_l_ﬁ 5 D 1_6 > D
S = 5 —i— 2 ——B2, 5 Aw, 5 2z —1)g,”, + 5 (2z —1)d. (C.50)
Now use that
Awf = %ﬁtD—l + (22 = 1)B¢” + (22 = 1)(1 = B)dP — (22 — 1)¢,. (C.51)
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This gives

D
SPret = % +(1=8)2z-1) (4 —a7) - (C.52)
Net investment is )
et = z (Que — ™). (C.53)

Linearizing and taking the difference across countries, we have
et = ¢ (a7 —mP). (C.54)
Therefore

D
1
CA; = 058P — 051" = % +(1-8)(2z-1) (d —¢) — 0.5E (¢ —mP). (C.55)

Next consider the current account from a capital flows perspective. Outflows and inflows

of the Home country are

OF, = (1 — 2z 4) Bu Wyt — Qr (1= zge-1)Brt—1Wh i1 (C.56)
QFi1
_ Qut
IF, = 2pBraWis — 2Ft-1Br-1Wri—1. (C.57)
Qmi—
Linearizing, we have
_ GANCIR: _ _
OF, = —Azy + (1 — %) + (1 —2)Awyy — (1 — 2)Agry (C.58)
L ABry _ _
IF, = Azpy+ (1 —2) + (1 = 2)Awp;y — (1 — 2)Aquy. (C.59)

Taking the difference and using (C.51) and (C.52), we can write net capital flows as
NF, = OF, — IF, = =2z + 22(1 — 2)AqP + (1 — 2)S”™. (C.60)

Using the relative market clearing condition, and a good deal of algebra, it can be checked
that indeed

D Gross Capital Flows

We now show that gross capital flows are unaffected by the portfolio cost friction. We will

define gross flows as the sum of outflows and inflows. By that definition, capital outflows and
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inflows can then both be written as a linear function of net and gross capital flows. From

(C.58)-(C.59), we have

ABy
B

From (A.29)-(A.30), we have (ignoring the constant terms)

GF, =OF, +IF, = —AzP +2(1 - 2) +2(1 — 2)Aw* —2(1 — 2)Ag (D.62)

BYE:zl, — (vo? + (14 B)) 2P + 22, + 27 =0 (D.63)

Assume that 774 follows an AR(1) process, just like 72. We can then use this second-order
difference equation to solve for zP as a linear function of z”, and 7.

From (B.35), (B.39) and (B.43) we have

1
K =k 2 (0! =) (D.64)
1 1
why = wi+ 56+ Aok — ' + (1= 8+ 09) (afﬂ O (0 1>kg1)<D.65>
1
gl = g+ kL, (D.66)

From these equations we can solve for ¢ as a function of the state variables m:!, g4, at, 6
and k' (see (B.46)) as well as the dynamic processes of the endogenous state variables w;!
and k{*. Notice that ¢ does not enter this system. It therefore does not affect the solution
for ¢i* and the dynamic process of w;' and k.

The expression (D.62) of gross capital flows depends on z”, g4, w and ¢*. Only the
solution for 2P depends on the parameter ). But 22 only depends on current and past
innovations in 7!, which otherwise play no role in the analysis. We could set 78 = 0, in
which case gross flows are entirely unaffected by the portfolio friction. The reason for this
is that the portfolio friction affects the portfolio response to the expected excess return, but
gross flows do not depend on the expected excess return. Gross flows are determined by
fluctuations in global home bias. A rise in expected excess returns of the Home asset leads

to a net flow towards the home asset, but does not affect global home bias.
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Table 1 Calibrated Parameters (i) = 1)

Parameter  Description Parameter Description

0 =0.0263 standard deviation excess return | p, = 0.99 persistence financial shock
v=1 portfolio friction oap = 0.00228 s.d. average capital share shock
v=10 risk-aversion op,y = 0.00555  s.d. relative capital share shock
(=118 adjustment cost investment oaq = 0.00453  s.d. average productivity shock
8 =0.99 time discount rate op,a = 0.00694  s.d. relative productivity shock
0 = 0.01125 rate of depreciation oap = 0.000475 s.d. average saving shock

0 =0.35 capital share op,s = 0.000342 s.d. relative saving shock

pe = 0.967  persistence capital share oam = 0.0343 s.d. average investment shock
pa = 0.967  persistence productivity shock op,m = 0.0247 s.d. relative investment shock
pg = 0.99 persistence saving shock or = 0.00169 s.d. financial shock

pm = 0.99 persistence investment shock




Table 2 Data and Model Moments

DATA MODEL

(i) (ii) (iii) (iv) (v) (vi) (vii)
Yv=0 ¢v=1 ¢v=3 | ¢v=0 yv=3 | ¢Yv=1 ¢P=3
other parameters buy-and-hold

as column (ii)

STANDARD DEVIATIONS

excess return 0.0263 | 0.0263 0.0263 0.0263 | 0.0097 0.0638 | 0.0263 0.0263
0.0015 0.0015 0.0017 | 0.0006 0.0042 | 0.0015 0.0015

% 0.0222 | 0.0221 0.0221 0.0222 | 0.0217 0.0260 | 0.0221 0.0221
0.0074 0.0075 0.0075 | 0.0072 0.0091 | 0.0074 0.0074
% 0.0203 | 0.0208 0.020%3 0.0203 | 0.0187 0.0309 | 0.0203 0.0203
0.0066  0.0066  0.0067 | 0.0062 0.0103 | 0.0066  0.0066
% 0.0156 | 0.0167 0.0172 0.0181 | 0.0123 0.0399 | 0.0167 0.0167
0.0056  0.0059  0.0062 | 0.0043 0.0139 | 0.0056 0.0056
AyP 0.0070 | 0.0070  0.0070  0.0070 | 0.0070  0.0071 | 0.0070 0.0070
0.0004 0.0004 0.0004 | 0.0004 0.0004 | 0.0004 0.0004
AUTOCORRELATIONS
excess return 0.1030 | -0.0054 0.1557 0.3565 | -0.0057 0.3548 | -0.0054 -0.0053
0.0810 0.0812 0.0781 | 0.0787  0.0790 | 0.0810 0.0810
% 0.9620 | 0.9459 0.9465 0.9475 | 0.9459  0.9529 | 0.9459 0.9459
0.0288  0.0285  0.0278 | 0.0287  0.0247 | 0.0288  0.0288
% 0.9650 | 0.9452 0.9472 0.9494 | 0.9455 0.9592 | 0.9452  0.9452

0.0291  0.0280 0.0270 | 0.0289 0.0223 | 0.0291 0.0291

ca 0.9730 | 0.9464 0.9513 0.9575 | 0.9468 0.9652 | 0.9464 0.9464
0.0293  0.0265 0.0230 | 0.0302 0.0187 | 0.0293 0.0294

CONTEMPORANEOUS CORRELATIONS

corr(S/Y,1]Y) 0.7748 | 0.6608 0.6411 0.6066 | 0.7993  0.0290 | 0.6610 0.6615
0.2610 0.2742  0.2951 | 0.1750 0.4253 | 0.2609  0.2608
corr(CAJY, Aym) -0.0130 | -0.0287 -0.0268 -0.0267 | 0.0006 -0.0824 | -0.0182 -0.0182
0.0700  0.0700  0.0701 | 0.0742 0.0804 | 0.0756 0.0756
corr(Aqm, Aqr) 0.7604 | 0.6499 0.7070 0.7650 | 0.9551 -0.0019 | 0.6496  0.6489
0.0468 0.0413 0.0368 | 0.0075 0.0873 | 0.0469 0.0469
corr(AqP, AdP) 0.2666 | 0.2704 0.2287 0.1743 | 0.7498 0.0718 | 0.2703  0.2701
0.0963 0.0984 0.1006 | 0.0453 0.0776 | 0.0963 0.0964
OTHER

R? Tobin Q regression | 0.2500 | 0.2500 0.2500 0.2500 | 0.1741  0.5829 | 0.2500 0.2500
0.0966  0.0972  0.0978 | 0.0878 0.0873 | 0.0966 0.0966

size financial shock 0.2080 0.0166  0.0109 | 0.0166 0.0166 | 0.0142 0.0075
Gabaix Koijen M 0.1173  1.4783 2.1786 | 0.0174 3.5451 | 1.7181  3.2446




Table 3 Variance Decomposition

(i) (i)  @Gw) | @Gv) (V)

v=0 ¢Yv=1 v=3|¢v=0 ¢v=3

other param.

as column (ii)

Excess Return
financial shocks 87.1 90.7 94.1 0.0 99.1
dividend shocks 7.1 5.2 3.4 56.0 0.5
saving shocks 0.0 0.0 0.0 0.0 0.0
investment shocks 5.8 4.1 2.5 43.9 0.4
Current Account

financial shocks 40.5 46.6 55.8 0.0 90.7
dividend shocks 0.8 0.9 1.0 1.5 0.2
saving shocks 53.3 479 39.8 90.8 8.0
investment shocks 5.4 4.6 3.5 7.7 1.1

Table 4 Sensitivity Analysis

Size Financial Shock Price Impact M
Yv=0 Yv=1 ¢v=3|¢v=0 ¢v=1 =3
baseline 0.2080 0.0166 0.0109 | 0.1173 1.4783 2.1786
(v =10, pr = 0.99)
~ =100 0.0315 0.0081 0.0059 | 0.7887 3.061  4.036
pr =0.95 0.4893 0.0287 0.0165 | 0.0494 0.8517 1.4322
pr = 0.995 0.1728 0.0144 0.0096 | 0.1414 1.7052 2.4548




Figure 1 Impulse Response Functions: y=1*
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*Impulse response of relative asset price and CA/Y to one standard deviation shocks when y=1.
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Figure 2 Impulse Response Functions: y=3*
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Figure 3 Impulse Response Functions: y=0*
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Figure 4 Impulse Response Functions: Impact Portfolio Friction y*

0.5

0.4 -

0.3 4

0.2 -

0.1 A

0

A. Financial Shock: Relative Price

y=3

y=1
_—

y=0
0 ;1 8 1‘2 1‘6 2‘0

C. Saving Shock: Relative Price
V=3
y=1

0 4‘1 é 1‘2 1‘6 2‘0

0.2 -

-0.2 ~

-0.4

-0.6 -

-0.8 ~

-1.2 -

0.4 -

0.2 ~

0

B. Financial Shock: CA/Y

y=0

4 8 12 16 20

=3

D. Saving Shock: CA/Y

0 4 8 12 16 20

*Impulse response of relative asset price and CA/Y to one standard deviation shocks when y=1.



Figure 4 (continued) Impulse Response Functions: Impact Portfolio Friction y*
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