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Abstract

We develop an entirely new theory of international capital flows that is based on
dispersed information. There is extensive evidence of information heterogeneity
within and across countries, which has been critical in understanding asset prices.
We analyze the implications for capital flows by introducing information disper-
sion into an open economy dynamic general equilibrium portfolio choice model.
We show that each of the standard elements of portfolio allocation (changes in
wealth, expected returns and risk) is affected by dispersed information. We em-
phasize three implications for capital flows: (i) they are partially disconnected
from observed macro fundamentals, (ii) they contain information about future
macro fundamentals and (iii) they are related to asset price fluctuations even after
controlling for observed macro fundamentals. These implications are confronted
to data on capital flows, asset prices and macro fundamentals for industrialized

countries.

JEL classification: F32, F36, F41
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1 Introduction

Heterogeneity of information, both within and across countries, has been widely
documented. Survey evidence shows that expectations about future macro funda-
mentals and asset prices differ widely across financial institutions and individuals.
In addition there is evidence of information differences across countries. For ex-
ample, it has been documented that local analysts have better quality information
than foreign analysts and that agency problems are better monitored by locals.!
There is abundant evidence that information dispersion is important for under-
standing asset prices. For example, the close link between exchange rates and
cumulative order flow documented by Evans and Lyons (2002) suggests that ex-
change rates are driven largely by private information that is aggregated through
order flow. The noisy rational expectations literature has shown that dispersed
information can shed light on a wide variety of stylized facts about asset pricing.?

In this paper we will explore to what extent international capital flows are
affected by dispersed information. Like asset prices, dispersed information about
expected returns can be expected to affect capital flows as well. If correct, this
leads to an entirely new understanding of what drives both gross and net capital
flows than based on existing common knowledge models. The goal of the paper
is twofold: to develop a general equilibrium theory of international capital flows
with dispersed information and to confront implications to data on capital flows,
asset prices and macroeconomic fundamentals for industrialized countries. We
emphasize three implications of dispersed information. First, it leads to a par-
tial disconnect between capital flows and observed macro fundamentals. Second,
capital flows contain information about future macro fundamentals. Finally, asset
price fluctuations and capital flows are related even after controlling for observed
macro fundamentals.

The theory we develop integrates elements of noisy rational expectations (NRE)
models commonly used in the finance literature into a full dynamic stochastic gen-

eral equilibrium (DSGE) open-economy portfolio choice model. The two standard

!See respectively Bae, Stulz and Tan (2007) and Leuz, Lins and Warnock (2008).
2 Albuquerque and Miao (2008) show that it can explain asset price momentum and reversal.

Wang (1994) uses a model with dispersed information to explain the observed link between
equity prices and trading volume. Bacchetta and van Wincoop (2006) show that the relationships
between exchange rates, macro fundamentals and order flow can be explained in a model with

dispersed information.



features of NRE models are private information about future fundamentals and
unobserved portfolio shifts (noise) that prevents asset prices from revealing the
private information. We integrate these elements into a two-country general equi-
librium model where agents make decisions about portfolio allocation, physical
investment and saving. We avoid many special assumptions made in the NRE lit-
erature that facilitate the solution but do not connect well to the DSGE macroeco-
nomics literature. Three assumptions are particularly unpalatable in the context
of macroeconomic models: NRE models are entirely linear, adopt a riskfree asset
that is in infinite supply and assume CARA preferences. The second assumption
implies that standard NRE models are not truly general equilibrium models.

We analyze capital flows by adopting a portfolio perspective, deriving both
capital inflows and outflows as a function of all the standard elements of portfolio
allocation: changes in wealth (saving), changes in expected returns and changes
in the risk-characteristics of assets. We show that information dispersion affects
each of these components of capital flows. Changes in unobserved state variables
(future fundamentals and unobserved portfolio shifts) affect asset prices, which
affect saving, investment and equilibrium expected returns. They also lead to
differences in expected returns across countries and time-varying second moments
that affect portfolio risk.

The paper makes a methodological contribution as well by solving a model that
introduces information dispersion into a full fledged DSGE setup with portfolio
choice. Only recently has the literature begun to investigate DSGE open economy
models with portfolio choice and to develop methods for solving them.? However,
these models do not contain information dispersion. Standard methods for solving
NRE models cannot be applied either because of the many special assumptions
listed above. The solution we develop combines and extends methods for solving
standard NRE models with recently developed local approximation methods for
solving DSGE models with portfolio choice. Even though the combined presence
of DSGE and NRE features makes the model quite rich, we are nonetheless able
to obtain an analytical solution. This facilitates transparency of the results.

The paper is related to a small set of papers that have introduced NRE asset
pricing features into open economy models. These include Albuquerque, Bauer
and Schneider (2006), Bacchetta and van Wincoop (2004,2006), Brennan and Cao

3See Devereux and Sutherland (2007), Evans and Hnatkovska (2007) and Tille and van Win-
coop (2008).



(1997), Gehrig (1993) and Veldkamp and van Nieuwerburgh (2007). These papers
focus on a variety of issues, ranging from exchange rate puzzles to international
portfolio home bias and the relationship between asset returns and portfolio flows.
Together they show that information dispersion and information asymmetries can
tell us a lot about a wide range of stylized facts related to international asset
prices and portfolio allocation. However, none of these papers have implications
for aggregate capital inflows and outflows or even net capital flows. This is not just
because the focus is on other questions but more fundamentally because these are
not true general equilibrium models due to the presence of a riskfree asset with a
constant return that is in infinite supply.

The paper is organized as follows. Section 2 describes the model. The solution
method is discussed in section 3. Section 4 derives implications for asset prices,
portfolio allocation and capital flows. This leads to three testable implications

that are brought to the data in section 5. Section 6 concludes.

2 The Model

There are two countries, Home and Foreign, with a unit mass of atomistic agents in
each country. Both countries produce the same good using labor and capital. The
good can be used for consumption or investment, the latter entailing an adjustment
cost. We adopt a standard overlapping generation setup. When young, agents earn
labor income and make consumption and portfolio decisions. They can invest in
claims on capital in both countries. While these are claims on aggregate capital
rather than residual claims, we refer to them as Home and Foreign equity for
convenience. During the second period of life, when old, agents consume the

return on their investment.

2.1 Production, Investment and Assets

The consumption good is taken as the numeraire. It is produced in both countries

using a constant returns to scale technology in labor and capital:
Yie = Ai,tKil,;wN;)t i=H,F (1)

where H and F' denote the Home and Foreign country respectively. Y; is the output

in country i, A; is a country-specific exogenous stochastic productivity term, K;
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is the capital input and N; the labor input that we normalize to unity. The log

productivity follows an autoregressive process:
Qitr1 = Paip + g1 1= H, F

where ¢; ;.1 has a N(0,0?) distribution and is uncorrelated across countries.
The dynamics of the capital stock reflects depreciation at a rate 0 and invest-
ment [;
Kippn=01-0)K,,+1; i=HF (2)

A share w of output is paid to labor, with the remaining going to capital. The

wage rate in country ¢ is then
Wi,t = WAz',t (Ki,t)l_w 1= H7 F (3)

Capital is supplied by a competitive installment firm. In period ¢ the install-
ment firm produces [;; units of new capital and sells them at a price ();; that the
firm takes as given. The production of I;; units of capital good requires purchasing
I; + units of the consumption good and incurring a quadratic adjustment cost, so
the total cost in units of the consumption good is:

£ (Liy — 0Ky4)*

Iy 4 2t — 070 4
&t 9 K., (4)

The profit of installing /;; units of capital in country 7 is then @);./;; minus the
cost (4). Profit maximization by the installment firm implies a standard Tobin’s
Q relation:
dia =0+ — (5)

Kiy 3

A unit of Home equity is a claim on a unit of Home capital. The equity price
is equal to the cost of purchasing one unit of capital from the installment firm,
Q¢ An investor purchasing a unit of Home equity at the end of period ¢ gets a
dividend of (1 — w)Yw1+1/Kp 41 in period ¢+ 1, and can sell the remaining 1 — §
units of equity at a price Qg +1. The returns on Home and Foreign equity are
then

(1—w)Agii1 (Kgae1) “+ 1 —9)Quina

Ruipn = Ons (6)
T L )



2.2 Private Information and Noise

NRE models contain two key elements: private information about future funda-
mentals and noise that prevents asset prices from completely revealing the private

information. We introduce these elements to the model as follows.
Private Information

Each agent receives private signals about next period’s productivity innovations
in both countries. The signals observed by Home investor j about respectively the

log of Home and Foreign productivity are:

vﬁH = EHt+1 + eftH eftH ~ N (O, J%,H) (8)
vﬁF = €1+ eng eJHtF ~ N (0, O'%IF) 9)

Each signal consists of the true innovation and a stochastic error. Similarly, agent

7 in the Foreign country observes the signals:

UﬂH = EHgs1 + eﬁH eﬁH ~ N (O, U%,F) (10)
vl = e ey el ~ N (0,0%) (11)

As is standard in NRE models, we assume that the errors of the signals average
to zero across investors in a given country ( fol engdj = fo i eBFdj = 0).

For simplicity we assume that the variance of signals on domestic productivity is
the same for agents in the two countries, as is the variance of signals on productivity
abroad. We allow for an information asymmetry with agents receiving more precise

signals about shocks in their own country than abroad: 0%, < 0% .
Noise

Noise takes the form of unobserved portfolio shifts between assets for reasons
unrelated to expected returns. In the NRE literature the noise is usually simply
introduced exogenously in the form of noise trade or liquidity trade. Some papers
have introduced it endogenously in various forms of hedge trade and liquidity
trade.* For our purposes the existence of a source of noise is more important than
the exact nature of it.

4See for example Bacchetta and van Wincoop (2006), Dow and Gorton (1995), Spiegel and
Subrahmanyam (1992) and Wang (1994).



We introduce the noise through a time-varying cost of investing abroad. This
cost plays the dual role of generating portfolio home bias in the steady state of
the model. A Home agent j investing in the Foreign country receives the return
(7) times an iceberg cost e~ "#it < 1. Similarly, a Foreign agent j investing in the
Home country receives the return (6) times an iceberg cost e 774t < 1. The cost of
investment abroad does not represent a loss in resources but is instead a fee paid
to brokers from the investor’s country.

We assume that the average cost across all agents from both countries is con-
stant at 7. The average cost in the Home country is 7, = 7 (1 + €] ), where €] has
a N (0,002) distribution. The average cost in the Foreign country is 75, = 7(1—¢] ).
Agents can observe their own cost but not the average cost in the country.” An
increase in Tf) =Ty, — Try = 27€] leads to a portfolio shift towards Home equity.
Such unobserved portfolio shifts prevent the relative equity price from revealing

private information.

2.3 Consumption and Portfolio Choice

Our assumption of an overlapping generation structure simplifies the model in
two ways. First, it removes the well-known pitfall in open economy models that
temporary income shocks can have a permanent effect on the distribution of wealth
across countries when agents have infinite lives. Second, investors have only a one
period investment horizon and therefore do not face the issue of hedging against
changes in future expected returns.

A young Home agent j at time t chooses her consumption and portfolio to

A 1=y . 1—v
H H
<Cyj> Hj (C"vtﬂfl)
+ BE,; (12)
1—7 11—~y
where C,; is consumption when young and C, ;4 is consumption when old. We

maximize

assume v > 1. Agent j maximizes (12) subject to the budget constraint and

portfolio return

Hy _ Hj Hj
Co,t+1 - (WH,t - Cy,t )Rt+1

Rfﬁj = zuji R + (1 = zuje)e” 7 Rpg (13)

5More precisely, we assume that the individual cost is an infinitely noisy signal of the average

cost. This assumption can be relaxed but simplifies the analysis.



where zp;; is the fraction invested in Home equity.

The first-order conditions for consumption and portfolio choice are:
AN\ —Y A\ —Y . AN 1—v
(er?) " =8 (W —c?) B (BT (14
. N\ —Y
E (Rtﬁj) (Rugs1 — Rpgpae ™) =0 (15)

Optimal portfolio allocation equates the expected discounted return (the expected
product of the asset pricing kernel and asset returns) across assets. The asset
pricing kernel is the marginal utility of future consumption, which is proportional
to the return on the agent’s portfolio.

Foreign agents face an analogous decision problem with portfolio return
Fj TR
Rf;lj = ZFjt€ FJ’tRH7t+1 -+ (]. — ZFj,t)RF,t—l—l (16)

The corresponding optimality conditions for a Foreign investor j are:

N\ Y A\ —Y . AN 1—v
(ci?) =8 (we—cyl) B (REY) (17)
E[7 (Rfﬁj>_w (RH,t+1eiTFj’t — RF,t+1) =0 (18)

The average portfolio shares invested by Home and Foreign investors in Home

equity are denoted zp, = fol zijdj and zp, = fol 2ijadj.

2.4 Asset and Goods Market Clearing

We assume that the brokers who receive the fees on investment abroad fully con-
sume it. Owners of the installment firms also consume profits each period. The

goods market equilibrium condition is
1 1
Yo +Yei = Quariluin + Qe + / C;{tjﬂdj + / Cjiﬂdj
0 0
1
—I-/ (Whe — Cff) (zjtRui1 + (1 — zmje) Rpey1) dj
0

1
+/ (Wre — Cfi) (zpjtRit1 + (1 — zpj1) Rpita) dj
0

The left hand side is world output. The first two terms on the right hand side rep-

resent investment.® The next two terms represent consumption by young agents.

SThe installation cost does not enter. On the one hand it raises demand for the good (from
the installation process itself). On the other hand it reduces profits, and therefore consumption,
of the owners of installment firms.



The final two terms represent consumption by old agents and the brokers.”

Asset market clearing requires that the value of capital in a country is equal
to the value of holdings of the country’s equity by young agents. The financial
wealth of respectively a Home and Foreign agent j is Wy, — C’;I tj and Wpgy — C’; tj .
The asset market clearing conditions are then

1 1
QuiKni1 = / (Wt — Cftj)ZHj,tdj + / (Wpe — Cgftj)zpj,tdj
0 0

1 1
QriKriy1 = / (Wi — C (1 — 2prj)dj + / (W — CoD) (1 = zpj)dj
0 0

3 Solution Method

Figure 1 puts the model in perspective in context of the literature and illustrates
why there is no off the shelve solution. The model has the following key features:
(i) information dispersion, (ii) portfolio choice, (iii) general equilibrium nature and
(iv) non-linearity. NRE models have the first two features, but not the last two.
The absence of non-linearity and general equilibrium aspects significantly simplifies
the solution of these models. On the other hand, most DSGE models in macro
and open economy macro only have the last two features. Only recently has the
literature begun to investigate DSGE open economy models with portfolio choice
and to develop methods for solving them.® But even these models do not contain
information dispersion.

The solution we develop combines and extends methods for solving standard
NRE models with a recently developed local approximation methods for solving
DSGE models with portfolio choice. NRE models are usually solved in three
steps. The first step involves a conjecture for the equilibrium asset price. The
second step computes the expectation of future asset payoffs by solving a signal
extraction problem that uses public and private information as well as information
from the equilibrium asset price. The last step invokes asset market equilibrium.
The main difficulty here will be in the last step as we need to impose not just

asset market equilibrium but the complete general equilibrium of the model in a

"The cost of investing abroad does not enter, as the income of the brokers exactly offsets the

cost for old agents.
8See Devereux and Sutherland (2007), Evans and Hnatkovska (2007) and Tille and van Win-

coop (2008).



highly non-linear environment. We will do so by extending the local approximation
method recently developed by Devereux and Sutherland (2007) and Tille and van
Wincoop (2008) for DSGE models with portfolio choice.

We will discuss each of these three steps in broad terms, leaving algebraic
details to the Appendix and the Technical Appendix that is available on request.
We use lower case letters for logs and superscripts A and D to denote respectively
the average and difference of a variable across the two countries (xD =Ty — Tp,

ZL’A = (J?H +.TF)/2)

3.1 Asset Price Conjecture

Only the relative asset price will be affected by private information. The average

asset price is driven by global asset demand and therefore global saving. The

latter is not affected by private information, but we will consider an extension

where it will be. We make the following conjecture for the relative log asset price
D _ )

4y = 4Ht — qFgt

where
Sy = (afaafv k:tDv k:f‘) (20)

is the vector of observed state variables and
xtD = efil + )\TtD/T (21)

is an unobserved state variable. Since we will adopt a local approximation method,
described below, the conjecture (19) will be verified locally up to quadratic terms
in observed and unobserved state variables.

The logic behind this conjecture is as follows. As in any DSGE model, the
solution for control variables (including asset prices) will be a function of state
variables. Usually these state variables are observed. In our model this is the case
for the variables S;. However, there are now also unobserved state variables, which
are conjectured to jointly affect the asset price through zP”. The relative future
productivity innovation sﬂl should affect the relative asset price through private
information. The relative asset price should depend on 77 as time variation in this

relative friction leads to portfolio shifts between Home and Foreign equity.



3.2 Signal Extraction

This conjecture significantly simplifies signal extraction. While the function f(.)
will be non-linear in z”, two aspects make simple linear signal extraction feasible.
First, we have conjectured (and will verify) that the relative asset price depends
on a variable 2P that is linear in the unknowns ¢, and 7. Second, locally ¢/
will depend on zP with a positive slope. This means that we can extract z”
from knowledge of the relative asset price ¢”, and the observed state space S;.
The asset price signal therefore translates into a signal that is linear in the future
fundamental €7, and the “noise” 77 .

We then have three linear signals about next period’s technology innovations:
(i) the price signal, which tells us the level of ¢, + Ar /7, (ii) the private signals
and (iii) the public signals that ey 1 and epyy1 are drawn from independent
N(0,0?) distributions. We solve this signal extraction problem in Appendix B. It
gives conditional normal distributions of €z ;+1 and €41 that vary across agents.
The expectation of future productivity innovations by agent j in the Home country

takes the form

D H.H HF

pHi [ fHi | _ [ QwHT +agpv; + EFU (22)

t = D H,H H,F
EFt+1 —Qp pTy + QFHY; + QFFU

All coefficients are positive and are defined in the Appendix. The average expec-

tation across Home agents is then

Ef{ ( EHt+1 > _ ( (g +app)em + (pp — Qg g)epit1 + az,H)\TtD/T
(apg — azp)emitr + (Qur + app)epi — Oéx,F/\TtD/T

(23)

Analogous results apply to Foreign agents. Average expectations about future

EFi+1

productivity therefore depend on future productivity levels themselves and on the
noise 77. Through rational confusion an increases in 77 raises the expectation of
eﬂl. This is because a rise in 77 leads to a higher relative price of Home equity,

which agents use as a signal of future relative productivity.

3.3 General Equilibrium

The final step in the solution of NRE models involves imposing asset market equi-
librium. In a DSGE model this step is more involved since we will need to invoke

the full general equilibrium of the model, including multiple asset market and
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goods market clearing conditions and Euler equations for portfolio choice and con-
sumption. Moreover, we need to do so in a highly non-linear environment.

We adopt and extend the local approximation method for DSGE models with
portfolio choice developed by Devereux and Sutherland (2007) and Tille and van
Wincoop (2008), from hereon DS and TvW. It provides an exact solution to the
zero, first and second-order components of control and state variables. The only
exception is z” = 2t — Zpy, for which the method delivers the zero and first-
order components. A variable can always be decomposed into its components of
all orders. The zero-order component of x; is the level of x when o, — 0, denoted
x(0). The first-order component xz,(1) is linear in model innovations or in the
standard deviation o, of model innovations. Higher orders are defined analogously.

The method distinguishes between the difference across countries in portfolio
Euler equations and all “other equations” and similarly between the difference 27
across countries in portfolio allocation and all “other variables”. It first solves
for the zero-order component of z” and the first-order component of the “other
variables” by jointly imposing the second-order component of the difference across
countries in portfolio Euler equations and the first-order component of the “other
equations”. This step is subsequently repeated one order higher for all equations
and variables in order to obtain the first-order component of 27 jointly with the
second-order component of all “other variables”. We refer to DS and TvW for
detailed descriptions of the method.

In implementing and extending the method to our model, three issues need to
be addressed that are specific to the introduction of information dispersion. These
involve the order component of the errors of the private signals, the computation
of expectations of equations and the computation of the parameter A that captures

the noise to signal ratio in the relative asset price in equation (21).
Errors in Private Signals

We assume that the parameters 0% and 0% (variance of errors of private
signals) are zero-order. In order to avoid an explosion of portfolio shares when
risk becomes small we need differences in expected returns to be relatively small,
of order two or higher.” This will indeed be the case under the assumption above.

As the errors of the private signals are large, of order zero, the weight given to the

9This is because expected returns are divided by the variance of the excess return in the

optimal portfolios.
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private signals in expectations of future productivity innovations is small, of order
two and higher. This leads to differences in expectations of order two and higher.
If errors in private signals were first-order, differences in expectations would be
first-order as well and relative portfolios would explode for low levels of risk. For
the same reason we will also assume that the average cost 7 of investment abroad

is second-order.
Computing Expectations

Consider the expected value of a term eq, which consists of one or several vari-
ables, E eq. In common knowledge models, computing the second-order term of
this expectation simply entails taking the expectation of the second-order compo-
nent of eq, so that [F eq|(2) = Eleq(2)]. This is no longer the case here though.'”
We need to be careful to first compute expectations of equations before comput-
ing order components. In order to compute expectations of equations, both the
equations and the solution of control variables need to be in polynomial form. It is
sufficient to use an o-order polynomial approximation when the goal is to compute
the o-order component of an equation or variable.

Equations are written as polynomials in Sy, 27, z2; and €41 = (€m41, €Fpi1)-
Control variables are conjectured as polynomial solutions in the observed and
unobserved state variables S; and zP. A quadratic polynomial conjecture for the
control variables is sufficient as we will only solve zero, first and second-order

components of control variables. We therefore conjecture!!

q" = anS, + SIALS, + npal + ¢, Sl + (xf))Q h=D,A (24)
by = oy Sy + SiAy Sy + 1y ) + Gy p STt + fy (xtD)Q h=D,A (25)
Ky = anSy + SiAnSs + ol + b Szl + ey, (2P)? h = D, A(26)
2 = .St + S{ALS 0wl + bS]+ gy, (555)2 h=A (27)

Expectations of equations are computed using the results from signal extraction.
Invoking the order components of equations as in DS and TvW will then give the
zero and first-order components of the parameters « and 7 (with various subscripts)

in (24)-(27) and the zero-order component of all the other parameters.

10As an example, ey 441(2) = 0, so that Eyleg+1(2)] = 0. But Ei(eg41) has a non-zero
second-order component as the weight attached to private signals is of order two and higher.
No conjecture will be needed for z”. After all “other variables” are solved up to second order,

2P (1) follows from the third-order component of the difference in portfolio Euler equations.
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Computing A\

In NRE models the signal to noise ratio A can be solved by imposing asset
market equilibrium. A version of that applies here as well. We need to impose
the difference between the two asset market clearing conditions. This relates the
average share invested in Home equity, 2/, to the share of Home equity supply. The
solution discussed so far solves 27'(1) by equating it to the first-order component
from the supply side. In order to actually impose market equilibrium we need to
compute z/'(1) from a portfolio or demand perspective as well. This is done by
using the third-order component of the average of the Euler equations for portfolio
choice. Leaving the algebraic details to the Appendix, equating z/(1) from the
demand side to the Home equity share from the supply side yields a solution for
A.

4 Asset Prices, Portfolio Allocation and Capital

Flows

In this section we discuss the first-order solution of asset prices, optimal portfolio
shares and capital flows.

4.1 Asset Prices

The first-order solution of the relative asset price is

¢’ (1) = ap(0)Sy(1) +np(0)z;(1)
= apa(0)a; +aps(0)k (1) + np(0)eiy +np(0)AT(3)/7  (28)

with all parameters positive. The relative asset price is therefore driven by both
observable fundamentals, af and k7, and by unobservables 7, and 7. Both
of these unobservables generate a disconnect between asset prices and observed
fundamentals that is widely documented.

In the absence of information dispersion the relative asset price would, to the
first-order, be entirely determined by the observed fundamentals S;. This can be
seen as follows. First, in the absence of private information future productivity
innovations cannot affect equilibrium asset prices. Second, shocks to 7P only have

a third-order effect on asset prices. A rise in 77 = 27¢€7 is third-order. This leads
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to a third-order increase in the expected excess return on Home equity, which
generates a first-order shift of portfolios towards Home equity. In order to clear
financial markets there will be a third-order rise in the Home equity price, leading
to a third-order drop in the expected excess return on Home equity.

At first it may seem surprising that both 72 and egrl have a first-order effect on
asset prices when we introduce information dispersion. After all, shocks to 72 are
third-order and private information alone leads to changes in average expectations
about €, that are third-order as well: a second-order weight attached to private
signals times €7 ;. However, this ignores the role of the relative asset price as an
information coordination mechanism. Imagine for a moment that agents ignored
qP as a source of information. Then the impact of the unobservables would be
third-order as conjectured above, so of the form o2e¢Z, + k7 with x a zero-
order constant. But then they would have a very good signal about € ; through
the relative asset price. Dividing by o2 the signal would be €7, + &7 /7 where
k = kT/0? is a new zero-order constant. The error in the signal is then first-order.
Based on this a change in either €, ; or 7’ /7 would lead to a first-order change in

the expectation of €7 ; and therefore a first-order change in the relative asset price

a’.

4.2 Portfolio Allocation

It is useful to discuss the implications of the model for portfolio allocation as this
will affect international capital flows. We present the results in terms of the average
portfolio share invested in Home equity, z;* and the difference across countries in
the portfolio share invested in Home equity, 2”. We consider both their zero and
first-order components. Asset market clearing implies that 24(0) = 0.5. The
difference in zero-order portfolio shares, which represents portfolio home bias, is
computed from the second-order component of the difference in portfolio Euler

equations. It is driven by the mean level 7 of international financial frictions:

D 27
SO @ )

We obtain expressions for the first-order component of the average and differ-

ence in optimal portfolio shares from the third-order component of respectively

14



the average and difference in portfolio Euler equations:

B B TP (3) [Erer1(3)](3) _
al) = ylvard(erii1)](2) " 7 [vari(ere1)] (2) o

L ar(rgen) —var(reg)l(3) | (1=1)? B (rf11)" erial(3)
0T e @ 2y foar(ena] @
by [Emierl® — Erera]®) 1 parfen)|(3)
a0 = T (o) @ 2" O larer ) @ (31)

Here E! denotes the average expectation across agents in country i (i = H, F') and
E, the average expectation across agents from both countries.

The first-order component of z{! is driven by four intuitive elements. First, a rise
in 7P (3) leads to a portfolio shift towards Home equity as the cost of investment
abroad rises for Home relative to Foreign investors. Second, a higher average
expected excess return er;;; on Home equity net of financial frictions also leads to
a portfolio shift towards Home equity.

The last two terms represent time-variation in second moments, which are
captured by their third-order components.!?> A rise in the variance of the Home
return relative to that of the Foreign equity return leads to a shift towards Foreign
equity. When the excess return on Home equity is expected to be high during
periods of high global volatility ((r)? high), Home equity is a good hedge against
such global risks and there is a shift towards Home equity. Using the first and
second-order solution for the “other variables”, the third-order components of these
moments can be computed as a function of both observed and unobserved state

variables:

wary(rus) — vary(reeo))(3) = ¥, (22)° + 02aa? + 020,5,(1)  (32)
B, (rf)” ] (3) = va(2P)? + 024hsa? (33)

where the parameters 1), are zero-order coeflicients.

The expression (31) for the difference 2P (1) in portfolio shares captures time-
variation in portfolio home bias. It is driven by two factors. First, an increase in
the expected excess return on Home equity by Home investors relative to Foreign
investors will lead to increased home bias. Second, an increase in the variance of
the excess return leads to an increased incentive for diversification, which reduces

home bias.

12Gee Tille and van Wincoop (2008) for a further discussion of this.
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We obtain the following solution for these moments

_ _ 1 1
Eunsercal®) - Brsercal®) = w02 | 5~ |ty
Owg OgF
[vary(eryy1)](3) = 51(If))3 + aiéﬂf) + 02635,(1) (35)

where the parameters d; are zero-order and follow from the first and second-order
solutions of the “other variables”. To understand (34), assume that 03, < 0%, 0
that agents have better quality signals about their domestic equity market. When
productivity levels rise in both countries next period, agents from both countries
expect that productivity in their own country will rise more because they have
better quality information about their own productivity. As a result they both
expect the return on their own country’s equity to rise relative to that of the other
country, which leads to increased portfolio home bias (64 > 0). (35) implies that
changes in the variance of the excess return over time are driven by both changes
in observed and unobserved state variables.

4.3 International Capital Flows

After some straightforward balance of payments accounting, and using the results
on portfolio allocation discussed above, we obtain the following expressions for

capital outflows and inflows:

2P(0) Alvary(er41)](3)

out flows;(1) = (1 — 2 (0)) s (1) + 1 Toan(ena(2) (36)
(A [Bera] 3)" 1A[Euserin)(3) — AlBrierin](3)
Yvar(eri1)](2) 2 Y(var(er11)(2)
. . 2P(0) Alvary(eri1)](3
inflowsy(1) = (1—2z5(0))s; (1) + 4( ) [E)art(irtﬂ])(];)) (37)
(A [Bieria] 3))" 1 A[Emeeria)(3) — AlBperya)(3)
Yvarder1))(2) 2 v(var(ery)(2)

The terms on the right hand side are related to saving, expected returns and risk.

For each of them we now discuss their intuitive meaning and determinants.
Portfolio Growth

The first term represents portfolio growth, which measures outflows and inflows

when Home and Foreign saving are invested abroad at the steady state portfolio
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share 1 — zy(0). The portfolio growth component depends entirely on Home and

Foreign saving, which can be written as

st (1) = agASy(1) — 0.527 (0) Ag” (1) (38)
sF(1) = apAS,(1) 4+ 0.5z (0) AgP (1) (39)

where ay and ap are zero-order vectors. Home and Foreign saving depend both on
changes in observed state variables and changes in relative asset prices. The latter
generate wealth effects that impact consumption of the old generations. When the
relative price of Home equity rises, the old generation in the Home country will
be relatively wealthy and will consume this additional wealth. This lowers Home

saving.
Time-Varying Risk

The other three terms driving capital inflows and outflows are a result of port-
folio reallocation due to changes in risk and expected returns. The second term
represents capital flows due to changes in the variance of the excess return. An
increase in the variance of the excess return makes portfolio diversification more
attractive and therefore leads to an increase in both capital inflows and outflows.
As can be seen from (35), the variance of the excess return depends on both
observed and unobserved state variables. Time variation in the other second mo-
ments, shown in (32) and (33), does not affect capital flows. These moments affect
average portfolio shares. When there is an average shift towards Home equity,
the market will equilibrate through a third-order rise in the relative Home equity
price. This leads to a third-order drop in the expected excess return on Home
equity, causing a first-order portfolio shift back towards Foreign equity.'® In the

end capital flows remain unaffected.
Average Expected Excess Return

The third term on the right hand side of (36) and (37) represents capital flows
due to the average change in the expected excess return. As discussed in detail in
Tille and van Wincoop (2008), not all changes in expected excess returns generate
capital flows. We have already discussed the example above where changes in

expected returns equilibrate asset markets when there are time-varying second

13 As can be seen from (30) and (31), third-order changes in expected returns lead to first-order

portfolio shifts as they are divided by a second-order variance of the excess return.
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moments. No capital flows result from this. Another example is a rise in the
expected excess return on Home equity needed to equilibrate asset markets when
a higher relative Home equity price raises the relative supply of Home equity. It
can be shown that no capital flows result from this either as even without asset
trade the portfolio share invested in Home equity rises due to valuation effects.
The technical appendix derives all of the components determining changes in
the equilibrium expected excess return. The only one that affects capital flows is
denoted with an I.S superscript in (36) and (37). It is related to changes in saving

and investment and is equal to

ABerca (@) = Tl o) o)) o)

When relative investment is high in the Home country it raises the relative supply
of Home equity. A higher expected excess return on Home equity is then needed
to clear asset markets. This leads to increased capital inflows and lower capital
outflows. When relative saving in Home is high, there will be an excess demand for
Home equity due to portfolio home bias. A lower expected excess return is then
needed to clear asset markets, which leads to larger outflows and smaller inflows.

Cross-country differences in saving and investment are equal to

(1) = AdP(1)+ (1 - w)AkP(1) — 2P (0)AgP (1) (41)
iP1) = %q?(l) (42)

Relative asset prices affect relative saving through a wealth effect and relative

investment through a standard Tobin’s QQ equation.
Differences in Expected Returns across Countries

The last term driving capital outflows and inflows in (36) and (37) represents
changes in the average expected excess return of Home investors relative to Foreign
investors. When investors from both countries become more optimistic about the
expected excess return on their domestic equity, both capital outflows and inflows
will drop. As can be seen from (34), this will happen when there is a positive future
world productivity innovation €, and investors have better quality information
about domestic productivity innovations. Investors from both countries then be-
lieve that their own relative productivity will rise as they have better information

on that, leading to a retrenchment towards domestic assets.
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Summary

Figure 2 summarizes the role that information dispersion plays in determining
capital flows. In the absence of information dispersion capital flows are entirely
determined by the observed state variables S;. Figure 2 illustrates the four channels
through which unobserved state variables affect capital flows in the presence of
information dispersion. The first two channels take place through the relative
asset price ¢”. We have already seen that the unobservables 77 and €, have
a first-order effect on asset prices, which affect saving and investment through
a wealth effect and a Tobin’s Q effect. This in turn affects capital flows both
through changes in the equilibrium expected excess return and through portfolio
growth. The third channel is through the impact of the unobserved state variables
7 and €, on the variance of the excess return. Finally, the third unobserved
state variable, etAH, affects capital flows through changes in the expected excess
return of Home relative to Foreign investors.

While gross capital flows are affected by the unobserved state variables through
each of these four channels, net capital flows are only affected by the first two. Tak-
ing the difference between (36) and (37), net capital flows are driven by portfolio
growth and changes in the expected excess return due to saving and investment.
One can rewrite the sum of these terms as simply saving minus investment. This
follows by identity as net capital outflows are equal to the current account. There-

fore
out flows, (1) — inflows,(1) = s{" (1) —i;' (1) = = [s (1) — i} (1)]
Information dispersion therefore affects net capital flows to the extent that it affects

relative asset prices, which in turn affect relative saving and investment.

4.4 Empirical Implications

These results for capital flows lead to three qualitative implications that will be
brought to the data in the next section. Each of these implications is the result
of information dispersion. They apply to both gross and net capital flows. The

implications are

Implication 1 Observed macro fundamentals cannot fully explain capital flows.
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Implication 2 After conditioning on observed macro fundamentals, capital flows

contain information about future macro fundamentals.

Implication 3 Conditional on observed macro fundamentals, asset prices have

significant explanatory power for capital flows.

These results follow immediately from the summary in Figure 2. In the model
the future fundamentals are both future world productivity and relative produc-
tivity across the countries. Instead of productivity one can also use future GDP
growth or profits.

5 Empirical Results

6 Conclusion

To be written

20



Appendix

A Equations of the model

The various equations of the model can be written in terms of the logs of the
various variables, denoted by lower-case letters. We denote the worldwide average
of log equity prices by ¢;* = 0.5 (qg; + qr.), and the cross-country difference in log
equity prices by ¢ = qms — qrs. We define similar variables for the capital stock
(k2 kE4), productivity (a7, aP) and asset returns (rit, r2, = ery1).

The Tobin’s Q (5) in Home and Foreign are:

A,1.D
+349
A 13D edt T2 — ] A 11D
ekt+1+§kt+1 = (1 + f) eki taki (43)
A_1.D
A _ 1D et 2% — ] A_1;D
ehiimakt = (1 e ki =2k (44)

The consumption Euler equations (14) and (17) are:

(wert APt e36p) el _q)" = gpftia-rt? (45)
(weaf_%a%(l_w)(kf_%kg)_cgg _ 1)’7 _ 3 Efje(lf’y)rfﬂj (46)

The portfolio Euler equations for individual investors (15) and (18) are:

. Fj Fj
0 = EtFj (e_wfﬂj_TFJ‘»t“‘T?H"‘%e”“ — e_'YTerl]”ﬁrl_%e”H) (48)

The asset market clearing conditions are:

A L 1.D A,1,D AL 1,D o) (kAtsLED Hj )
ekt+1+2kt+1+qf +2qt — / <weat +2at +( w)( t +2 t ) —_ ecyt ZHj7tdj (49)
A_1.D _ A_1.D Fj .
+ / (we“t sat +H1-w) (k' =3kP) _ gy ) z2rjadj
A1 Al Hj
ek skiatat —za  — / (o.)eat +yap+(1-w) (ki +5kP) _ €Cytj> (1—zy)dj (50)

+/ <weaf—%a?+(1—w)(k?—%k?) — ecgtj> (1-— ZFj,t)dj
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The rates of returns on Home and Foreign equity (6)-(7) are given by:

A 1 A 1_D A 1;.D A_1_D
et = (1 —w) ettatrarn—w(bia ki) e -3 (51)
1
+ (1= 6) ettataafa—a—3al
1 A 1 _D A 1,.D A1 D
eI = (1 w) et 3o —w (ki =3k ) e +3dl (52)
1 1
+ (1= 8) etit—zaka—ai +aa”
The portfolio returns of individual investors (13)-(16) are:
p,Hj A 1 A 1 .
e+’ = ZHj,teTt+1+5ert+1 4 (1 _ ZHj’t>€7't+1_§ert+l_TH],t (53)
p,Fj A 1 _ . A 1
MY = e I TR (] — gy )el b T2 (54)

The zero order components of the variables are:

a(0) = q(0)=0
D = (1—w)e 0 4 (1-9)

0 e(1=@)k(0) _ k(0)

where £ (0) solves:
(we—wk(O) o 1)77 _ /6 |:(1 _ Ld) e—wk(O) + (1 . 5)] 1—v

The ratio of young consumption to the wage is:

wk(0
o= Lao-a-wro _; _ ¢
w w

The average portfolio share is computed from the asset market clearing (49):

B Signal extraction

General approach

We focus on the signal extraction of a Home investors. The inferences of a
Foreign investors are computed along similar lines.
A Home investor observes the component 2 of the equity price differential that

is not attributable to the state variables, as well as her private signals on Home
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and Foreign future productivity shocks, vﬁH and vﬁF From (56), 2P only has
a first order component. The Home investor infers the Home and Foreign future
productivity shocks, el and £/, from these signals.

The signal extraction problem therefore consists of inferring a vector §ip1 =
p . HH HF

/ oy . 'h .
lem4+1,€r141] conditional on a vector of signals Y/" = |} NP Wthh are
linked as follows:

jh _ rrht jh
Y" =H"§ +wy
/
ih D HH HF . .
where w]" = [)\%, €1 »€( | areshocks and H™" is a 3 by 2 matrix:
1 -1
H" =11 0
0

The variances of the productivity and the signals are:
2\%00% 0 0
R" = var, (wih) = 0 O'%J{ 0

0 0 ohp

2
0
P = var, (§t+1) _ | %a

2
0 o

Based on her information, the Home agent’s assessment of the expected pro-

ductivity shocks and their variance are:
El" (&4,) = M"Y?" Var]" (é,,,) = P— M"H" P
where M" is a 2 by 3 matrix:
M" = PH" [H"PH" + R"|

Expected productivity shocks

The expected values of future Home and Foreign productivities are:

jh i hH D hH HH hH HF
E; EHt+1 = Ty + oy U;f +ayp Vst

Jjh _ h,F_D h,F HH h,F HF
Et EFt+l = Q' Ty +avH 7.t +avF U]t
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where:

2 2 2
ne _ 9HH [Ua + UH,F}
art = %
2972 2 2
Wi 92A 9[0a+UH,F] +0up
aUH - Oa V
2 2
neH  99HH
aUF - V
2 2 2
we  Ohp loa+ ot gl
ar’ = — %
2 2
nEe  949HF
a’uH - V
2972 2 2
nE 92 9[%*’“1{,1{} +O0unm
a’UF - Ua V

Vi =2 [1 + )\20] [02 + U%ﬂ} [O’Z + U%{,F]

—ai [O’Z + UIZLLH} — 03 [UZ + U%LF]

While these coefficients are complex functions, we can distinguish between their

various orders. We consider components up to order two. The coefficients on z”

(a™H and o/»F") only have components of order zero and two:

1
h,H h,F
’ 0 — 0 = —
WO) = k0=
a’;’H (2) = U%{H_[ +2)\29} a%{’FJ2

[1 + )\29] UH HO’%IF ¢
ohF () = [1 + 2/\20} O'HH a%{,F )
’ 41+ )\29] ol uOF ‘

The coefficients on the private signals only have components of order two:

o1 (2) L2V, o ( )= - 1 2

o 2[1+ X002, ¢« = 2[1+X%0] 0% °
1 1+2)%0

ol (2) = o2 Al @)= 2

21+ A%0] 02, ¢ 21+ \0] 02,

The various orders of the Home agent’s expectations of future Home produc-
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tivity are then:
[theg,m: <1) = - [EZ%F,HJ (1) o ahH (0) a:? (1)
[Egh6H,t+1_ (2) = ayy (2) Uf{H (0) + e’ (2) UJI'?F (0)
= QT @)

Ef'ere| (2) = ol @ +alif @)l

A useful result if the third-order component of the expected productivity difference:
B enas = eren)| 9

= [ab" (@) —alT @] 2P (1) + ol (2) — alif @] vE™ (1) + [0l () = ol )] 0" (1)

. —)\290(21 U%{,H + O-%{,F D )\2902 EHt+1  EFt+1
= s 5 (1) + ; - — (55)
2 [1 + A 9] Ouuour L+A0\ oyp OH,F

Variance of productivity shocks

The Home agent also infers the variances and covariances of the productivities
shocks:

2 2

. olo
Va”"gh (5H,t+1) = aTHH [2/\20 [02 + UJQLI,F} + U%I,F}
< o202
Varih (eptr1) = — VH’F [2)\26 [03 + 0%{71{] + U%{,H]
. o202 o2
Covarl" (eepe1,€pi1) %

These terms only have second-order components:
14+2X%0

Varl" (epe) (2) = Var (epe) (2) = m%

1
2[1+2%0) ¢

The expected values of squared and cubic shocks are computed as:
ih 2 ih 2 ih
B (ener1)” = (B eme1) +Vary (empsr)
3 ‘
( ) +3 (E E€H t+1) (Var{h (&?H7t+1))
ih 2 2
E; (€F,t+1) = ( 5F,t+1> + Vart EF,t+1)

3 .
€F,t+1 +3 (E 6Ft+1> (Vm“ih(ép,tﬂ))

Covari" (€41, €F041) (2)

3

EM(epin)’ = (ElMenin

E]" (epn1)’ =
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C First order solution

To a first order, the variables are linear functions of the state space:
g’ (1) = a(0)S:(1)+as(0)z (1)

= 0, (0) S, (1) + sy (0) P (1)
1) + as,p (0) 55? (1)

(1)
e (1) = ayp (0)5;(
¢t (1) = ga(0)S: (1) + @54 (0) 2 (1)
ki (1) = axa(0) S (1) + aspa (0) 2 (1)
ki (1) = arp(0)S, (1) + asip (0) 27 (1)
(1) (1)

= Oz (O) St 1 —f-Oé57zA (0) {L‘tD (1)

where:

P (1) = sﬁl + A (TtD/T) (56)

Worldwide averages

The solution in terms for the worldwide averages of consumption, equity prices
and capital dynamics is computed by taking first-order expansions of the equations
(43)-(54), and take worldwide averages of the relations for the Home and Foreign

country. The complete solution is given by:

ep(1) = Mai (1) + Aok (1) (57)
1—cA C(Ay—1
@) = e - TR ) (58)
1 1-—¢cA 1 A —1
) = et (1o R ) )
where:
1—90
Tq =

A1 is given by:

1—~[ ¢ € c(ho—1)+w 1
Al@*ﬁ 7 [T:z“ 7ﬂ”+[%1+g e **1—””JT:‘H
B 1~ [ ¢ £ eho—1)+w 1
= 1+T|:m(1—7“qp)+|:7“q1+§ 1_z +(1—rq)w}ﬁ
(1_7)(1_6)(1—7&1”
fy
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Ay is given by:

(1+€)(1j5)®—w

A =1+

where ® € [0, 1] is the coefficient on k(1) in (59) and is the root of the polynomial:

0=0|1+&+¢ 777045(@)2

(1 =) (€ +w) —%wu—a@—rqﬂ+a<1—rq>]w+a

Cross-country differences

The solution is relies on taking first-order expansions of the equations (43)-(54),

and express them in terms of cross-country differences. The results are:

1) = o (0)aP (1) + as (0) kP (1) + a5 (0) 2 (1) (60)
P1) = (1) +(1— wkP() (61)
kDL (1) = C“g((’)a? (1) + (1 T “T“))) EP (1) + “T(O) 1) (62)
1= (1) = ( E 0 0= 22 0)) af (1) (63)
1+¢ D D 1+¢ D
+ (1 + ¢ az(0) — (1 —w)z (O)) k- (1) + : as (0)z;” (1)

where:

03(0) = 5 [(1= )€+ ) = (1= rg)? (€ + )+ drgw(1 — 7,)6)°]

q

_ (I—=ry)p
O =) — e O L
05 (0) — 1 —r,+rya;(0) 1

1+ w(l—ry) —ryas (O)]%1+)\20

and 0 is the ratio between the variance of liquidity and productivity shocks: 02 =
fo2. The coefficient a5 (0) in (60)-(63) is defined conditional on the term ) in (56).
In the absence of signal extraction as(0) = 0 and the first-order cross-country
solution is given by (60)-(63).

To solve for A , we first take the third-order component of the optimal portfolio
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condition for a Home investor (47) which can be written as:
’YZHj,t (1 |:E ] 67’t+1 ] (2
= [Eferia] 0+ mmie 3) + (1= 4) [Eervardy, ] )

+ (1 =) T (2 [ t ]Tﬁi-l]

— 1_77 + v (221, (0) — } T (2) [Ef 6Tt+1] (1)
_,YQZHJ (20) __1 [EH (67“t+1) } ( )
|2 0= oy o)+ § = T [ en] 0

O [ ] 0

2
-y ZB O s (o] )

We can undertake similar steps for the optimal portfolio condition for a Foreign
investor (48). We then sum across investors to get a relation in terms of per capita
variables in each country. Taking the average of these relations in the Home and

the Foreign country, we get:

27Z£4 (1) [Et (eTt+1)2] (2)
= / [EtHjertH} (3)dj +/ [EtFj@TtH} (3)dj + 77 (3)

+(1-7) ( / B eriart, | (3)dj + / T eriari] (3)dj>

Gl ( [ B0 T eren] ) + [ [EE ) e <3>dj) (64)
=@ | [ (E) Wdi - [ (E0) 0]

e s U [ (Ertaterear) @i - [ (Brtere?) ()]
20 [ [EP er?) @ - [ [B ] @1

We can infer \ from using (63) to substitute for 2! (1) in (64). 2P (1) enter

several components of (64), and. 77(3) enters the second row of (64). Because

agents do not observe the components of z” (1) separately, the model requires that
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e, also enters (64) and that it does so in a way that when combined with 7, (3)
is enters as 22 (1).

<€tD+1 does not enter through terms that are expectations of cross-products (as
in lines 3 and following), as such terms would only lead to variances of shocks,
or the expectation of e/ ;. Instead sgrl only enters (64) independently through
the first-order component of the private signals, as this component are the actual
shocks to future productivity. The signal extraction section above shows that the
coefficients on private signals only have second-order components. The product
of these coefficients and €7 is then of order three. €7, can then only enter (64)

through a linear term, with the only such terms being:

/ [EtHjertH} (3) dj +/ [Efjertﬂ} (3) dj
To assess these terms, we can focus on a linear approximation of (51)-(54) :
eripn = —q7 + 140 + (1 —7g) (a7 — wkiy)

We can show that the only relevant terms in the expectation of er;,; for a

Home investor are:
| erian] (8) = Irgaa (0) + (1 = 7)) [B* (s — erusn)] (3)

where [Egh (mit1 — 5F,t+1)] (3) is given by (55). We can undertake similar steps

for a Foreign investors. Aggregating across individual investors, we obtain:

/ [Efjertﬂ} (3)dj +/ [EtFj@TtH} (3)dj

N0o? 1 1
= [rqon (0) + (1 —1y)] ( + p ) 61{11

1+)\20 O-%-[,H HF

)

Focusing on the terms of interest, (64) becomes:

0 = [[EMenn] @i+ [ [EPen] 314+ 20)

20 1 1
= [rya1(0) + (1 —1ry)] 021 7 <O—%{H + U%IF) stDH + 7'?(3)

The ratio between the coefficient on €7, and the coefficient on 7/’ (3) must be the

same as in z” (1), implying

ryan (0) + (1= ry)] (% + %) Ao LHAOT ) (65)

2 2
Owng OurF A0 o

)
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The left-hand side of (65) is an increasing linear function of A which is flatter the
higher the variance of private signal. The right-hand side of (65) is decreasing
function of A that is infinite when A — 0 and converges to 7 (2) /o when A\ — oo.
(65) therefore gives an implicit solution for A\. Combining it with (60)-(63) gives

the first-order solution for the model.

D Portfolio difference

Zero order solution

We solve for 2P (0) = 2y (0) — zr (0) by taking the second-order component of

the optimal portfolio condition for a Home investor (47) which can be written as:
B @)t 2) g [E e @)
2 (0) = 2 + Hj 2 + Hj 2

VB era?| @7 [EY )] @)

We can undertake similar steps for the optimal portfolio condition for a Foreign

investor (48). We then sum across investors to get a relation in terms of per capita
variables in each country. Taking the difference between these relations in the

Home and the Foreign country, we get:
2r (2) i [EtHjertH} 2)dj— [ [EtFjerHl} (2) dj
v [E, (67“t+1)2} (2) v [E: (€Tt+1>2} (2)
S [EPerartn] @) di = [ [EPervaria] @)dj
Y [Et (€Tt+1)2} (2)
We can show that [Eﬁjertﬂrﬁrl] (2) = [Efjertﬂrﬁl} (2) = 0and [EtHjerHl} (2) =
[EtFjertH] (2). In addition:

27 (0)

+(1—=7)

(B0 eren?] @) = 2[00 ry+ res 0 5 + s [1 %]

= 20%(1 —r, +1,01(0))°T

where T" € [0, 1] is an increasing function of A that converges to one when private

signals are infinitely noisy (A — o0):

2
T 1
'=1—-11- 1
<1+[w<1—rq>—rqa3<o>]§> L+
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The zero-order portfolio difference is then::

27 (2) - 7(2) 1 1
v [Et (6Tt+1)2] (2) B Yo (1— T+ 74!10‘1(0))2 r

2P (0) = (66)

First-order solution

The first-order component of the difference in portfolio shares is solved by
taking the third-order component of the optimal portfolio condition for a Home
investor (47), and aggregating across Home investors to obtain a per capita average
for the Home country. We follow similar steps with the third-order component of
the optimal portfolio condition for a Foreign investor (48). Taking the difference

between the Home and Foreign per-capita relations we write:

vzl (1) [Bi (eria)?] (2)
= [ [Blera] @ ai - [ [EPerca] Gai+2nt 3

t=) ([ [errt] @i~ [ [EPerrt] o)

=@ | (B @+ [ (B90) 0]

2O ([ [ ] @)ai+ [ [EF )] 014

+(1_27)2 ( / [Ef” [r;ilferm] (3)dj — / [Efj [rﬁlfeml] (S)dj)
=) ZEQEL ([ (Brtferea?) @i+ [ (EErbfenn?) 010

The various terms can be computed using the first- and second-order components

of the solution. The detailed steps are complex and the solution takes the form:

o2zl (1), [2P (1))
(1)+f<a W, [ o))
[Et (eres1) } (2)

P0)ohr—0hn 4 7 (3)
’ ’ 1)+22 (0) 24048,
2\ U%I,H+U%{,F€t+1( )+ (0) 7(2) s

where ()g is a zero-order parameter and f is complex function.

2P (1) =
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E Balance of Payments Accounting

Saving and investment

Saving is equal to income minus consumption. In line with national accounts,
we consider savings net of the amount required to offset the depreciation of capital.

National saving in the Home and Foreign countries are:

SH = / (wne—Ct) dj
Qum, Qr, : .
[ g v 0 men gt (e - i)

Sfo= / (wre = €37 dj

The first-order components of savings are:

1

st (1) = 7= [Baps (1) + (1 - w) Ak (1)]
—Eadt - agt ) - 20 )
1) = o [Bap (1) + (1 - w) Akp (1)
1 - “Acy, (1) = Ag (1) + @Aqg) (1)

where s} (1) is the first-order component of savings, scaled by the steady state
wealth: st (1) =57 (1) /(W (0) (1 — €)). In addition for a variable g: Ag; (1)=g; (1)—
gi—1 (1). The first-order consumption in a country can be split between the world-
wide average and the cross-country difference. Using (57) and (61), consumption

in a specific country reflects only the observed state variables:
1
Acl (1) = Acﬁt (1) + QAcit (1)
1
= MAg (1) + VWA (1) + 3 [Aal (1) + (1 — w)AkP(1)]

Saving in a specific country are then affected by the information dispersion only
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through relative equity prices:

27 (0)

1) = ands (1) - A (1)

2
(1) = aFAStu)—ZD;O)Athu)

sp (1) = Aa(1) + (1 —w)Ak(1) — 27 (0) Ag” (1)

S

where sP (1) = s (1) — s (1).
Investment is also defined net of depreciation:
]Z,Lft = 1t — 6Ki,t—1 = Ki,t - Ki,t—l 1= Hu F
The first-order component of investment, scaled by steady-state wealth, is then:

.D,net o [thet (1) B [tFmd (1) - D _ 1 D
P 1) = g o = AL (1) = g (1)

where we used (5).
Capital flows

The passive portfolio share combines the steady-state holdings of quantities of

assets with the actual asset prices. For Home investors, we write:

p ZH (O) eqH,t
“Hip =
Yz (0) et 4 (1 — zp (0)) edre

The first-order passive portfolio share is the same for all investors:

(1) =21 (0) (1 — 21 (0) g (1)

Using the difference between the first-order components of (49) and (50) we get:

Az (1) = A (1) = 3 [iP (1) — 2 (0) 5P (1)

Gross capital outflows and inflows reflect the changes in the value of cross-

border asset holdings:
OUTFLOWS, = / (1= zpjq) <wH,t ~ Oy ) dj

Q ’ i .
_QF,}:tl /(1 o Zvat_l) (wH,t—l - C;f—l) d]

INFLOWS, = / 2pjt (wp,t —Cy ) dj

Qr jF .
-5 / ZFjt-1 (wEt—l - Oy,t—l) dj
Qi1
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The first-order components, scaled by steady-state wealth W (0) (1 — ¢), are:

out flows;, = —(1—2zg(0)) Agps (1) — Azp, (1)
12O [ (1) 4 (L ) Ak (1) — 2 (1)

inflows; = (1—zy(0))s; (1) + [Azps (1) — AzP (1)]
In terms of net capital flows, we write:

net; = outflows; —inflows;
= (1—24(0) s/ (1) —2[Az' (1) — Az (1)]
= S[sPw-ipr)

The sum of gross capital flows is:

1—ZH(0) A

out flows; + in flows; = 5 st (1) — AzP (1)
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Figure 1 Modeling Contribution
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Figure 2 Role of Information Dispersion
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