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Abstract

International capital flows have increased dramatically since the 1980s, with much of the increase being
due to trade in equity and debt markets. Such developments are often attributed to the increased integration
of world financial markets. We present a model that allows us to examine how greater integration in world
financial markets affects the structure of asset ownership and the behavior of international capital flows.
Our model predicts that international capital flows are large (in absolute value) and very volatile during the
early stages of financial integration when international asset trading is concentrated in bonds. As integration
progresses and households gain access to world equity markets, the size and volatility of international bond
flows fall dramatically but continue to exceed the size and volatility of international equity flows. We also
find that variations in the equity risk premia account for almost all of the international portfolio flows in
bonds and equities. We argue that both effects arise naturally as a result of increased risk sharing facilitated
by greater financial integration. The paper also makes a methodological contribution to the literature
on dynamic general equilibrium asset-pricing. We present a new technique for solving a dynamic general

equilibrium model with production, portfolio choice and incomplete markets.
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Introduction

International capital flows have increased dramatically since the 1980s. During the 1990s gross capital
flows between industrial countries rose by 300 per cent, while trade flows increased by 63 percent and real
GDP by a comparatively modest 26 percent. Much of the increase in capital flows is due to trade in equity
and debt markets, with the result that the international pattern of asset ownership looks very different
today than it did a decade ago. These developments are often attributed to the increased integration of
world financial markets. Easier access to foreign financial markets, so the story goes, has led to the changing
pattern of asset ownership as investors have sought to realize the benefits from international diversification.
It is much less clear how the growth in the size and volatility of capital flows fits into this story. If the
benefits of diversification were well-known, the integration of debt and equity markets should have been
accompanied by a short period of large capital flows as investors re-allocated their portfolios towards foreign
debt and equity. After this adjustment period is over, there seems little reason to suspect that international
portfolio flows will be either large or volatile. With this perspective, the prolonged increase in the size and
volatility of capital flows we observe suggests that the adjustment to greater financial integration is taking
a very long time, or that integration has little to do with the recent behavior of capital flows.

In this paper we present a model that allows us to examine how greater integration in world financial
markets affects the structure of asset ownership and the behavior of international capital flows. We use the
model to address two main questions: (i) How is the size and volatility of international capital flows affected
by greater financial integration in world debt and equity markets? (ii) What factors drive international
portfolio flows, and does their influence change with the degree of integration? To the best of our knowledge,
neither question has been addressed in the international finance literature.

The model we present captures the effects of financial integration in the simplest possible way. We
consider a symmetric two-country model with production for traded and non-traded goods. Firms in both
the traded and non-traded sectors issue equity on domestic stock markets. We examine the impact of financial
integration in this world by considering three configurations: Financial Autarky FA, Partial Integration PI,
and Full Financial Integration FI. Under FA, households only have access to the domestic stock market
and so can only hold their wealth in the form of the equity of domestic firms producing traded and non-
traded goods. The equilibrium in this economy serves as a benchmark for gauging the effects of financial
integration. Under PI, we open a world bond market. Now households can allocate their wealth between
domestic equity and international bonds. This configuration roughly corresponds the state of world financial
markets before the mid-1980’s where bonds are the main medium for international financial transactions. The
third configuration, FI, corresponds to the current state of world financial markets. Under FI, households
have access to international bonds, equity issued by domestic firms, and equity issued by foreign firms
producing traded goods.

Two aspects of our model deserve special note. First, in all three market configurations we consider,
international risk-sharing among households is less than perfect. In other words, we only consider interna-
tional capital flows in equilibria where markets are incomplete. As we move from the FA to PI and then
to FI configurations of the model, the degree of risk-sharing increases, but households never have access to
a rich enough array of financial assets to make markets complete. We view this as an important feature
of the model. There is ample evidence that incomplete risk-sharing persists even with the high degree of

financial integration we see today. This observation precludes us from characterizing our FI configuration as



an equilibrium with complete markets.?

The second important feature of the model concerns information. The equilibria we study are derived
under the assumption that all households and firms have access to the same information regarding the current
state of the world economy. While this common-knowledge assumption is standard in international macro
models, it does have important implications for the role played by international capital flows. Specifically,
capital flows in our model do not result from differences of opinion concerning the future returns or risks
associated with different assets. As such, capital flows do not convey any information to firms and households
that is unavailable from other sources. We do not view this common-knowledge framework as necessarily the
correct one for analyzing capital flows. Nevertheless we adopt it here to establish a theoretical benchmark for
how greater financial integration affects capital flows when information about risks and returns is common-
knowledge. By contrast, Evans and Lyons (2004) present a model where information about the state of the
economy is dispersed internationally, and as a result capital flows convey information that is not available
elsewhere. That paper does not undertake the task of analyzing the effects of increased financial integration.

Our analysis is related to three major strands of research. The first strand studies the effects of financial
liberalization on capital flows and returns. Examples of theoretical research with this focus include Mar-
tin and Rey (2002) and Bacchetta and van Wincoop (1998), while empirical assessments can be found in
Bekaert, Harvey and Lumsdaine (2002a,b), Henry (2000a,b), Bekaert and Harvey (1995, 2000) and many
others. The second strand of research focuses on the joint determination of capital flows and equity returns.
Representative papers in this area include Bohn and Tesar (1996), Froot and Teo (2004), Stulz (1999), and
Froot, O’Connell and Seasholes (1998). Hau and Rey (2002, 2004) extend the analysis of equity return-
capital flow interaction to include the real exchange rate. The third strand of the literature studies the
macroeconomic implications of financial integration. Baxter and Crucini (1994) and Heathcote and Perri
(2003) compare the equilibrium of models with restricted asset trade against an equilibrium with complete
markets. The comparative approach adopted by these papers is closest to the methodology we adopt, but
our model does not equate financial integration with complete markets. An alternative view of integration is
that it reduces the frictions that inhibit asset trade. Examples of this approach include Buch and Pierdzioch
(2003), Sutherland (1998), and Senay (1998).

Although the model we develop has a relatively simple structure, several technical problems need to be
solved in order to find the equilibrium associated with any of our market configurations. The first of these
problems concerns portfolio choice. We interpret increased financial integration as giving households a wider
array of assets in which to hold their wealth. How households choose to allocate their wealth among these
assets is key to understanding how financial integration affects international capital flows, so there is no
way to side-step portfolio allocation decisions. We model the portfolio problem as part of the intertemporal
optimization problem of the households allowing for the fact that returns do not follow i.i.d. processes in
equilibrium. The second problem relates to market incompleteness. Since markets are incomplete in all
the configurations we study, we cannot find the equilibrium allocations by solving an appropriate planning
problem. Instead, the equilibrium allocations must be established by directly checking the market clearing

conditions implied by the decisions of households and firms. This paper uses a new solution methodol-

2Complete risk sharing has implication for the international correlations in consumption that odds with the empirical evidence
reported by Backus and Smith (1993), Kollman (1995) and many others.



ogy to compute equilibrium allocations and prices in this decentralized setting. The methodology also
incorporates the complications of portfolio choice in an intertemporal setting. The third problem concerns
non-stationarity. In the equilibria we study, temporary productivity shocks have permanent effects on a
number of state-variables. This general feature of models with incomplete markets arises because the shocks
permanently affect the distribution of wealth. Recognizing this aspect of our model, the solution method
provides us with equilibrium dynamics for the economy in a large neighborhood of a specified initial wealth
distribution.?

A comparison of the equilibria associated with our three market configurations provides us with several
striking results. First, in the PI configuration where all international asset trading takes place via the bond
market, international capital flows are large (in absolute value) and very volatile. Second, when households
gain access to foreign equity markets, the size and volatility of international bond flows falls dramatically.
Third, the size and volatility of bond flows remains above the size and volatility of equity portfolio flows
under FI. The standard deviation of quarterly bond flows measured relative to GDP is approximately 1.6
percent, while the corresponding value for equity is 0.88 precent, a figure that is roughly comparable to
estimates from the data. Thus, the high volatility of capital flows we observed is consistent with a high
degree of financial integration. Our fourth main finding concerns the factors driving capital flows. In our
model, variations in the equity risk premia (i.e., expected excess returns on equity relative to the risk free
rate) account for almost all of the international portfolio flows in bonds and equities. Changes in the risk
premia arise endogenously as productivity shocks affect the distribution of wealth, with the result that
households are continually adjusting their portfolios. Although these portfolio adjustments are small, their
implications for international capital flows are large relative to GDP. Overall, the results from our model
indicate that greater financial integration could indeed be responsible for the large and variable international
capital flows we observe in the real world.

The paper is organized as follows. The next section documents how the international ownership of assets
and the behavior of capital flows has evolved over the past thirty years. The model is presented in Section
3. Section 4 describes the solution to the model. Our comparison of the equilibria under the three market
configurations is presented in Section 5. We examine the robustness of our results in Section 6. Section 7

concludes.

1 The Globalization of Financial Markets

The large increase in international capital flows represents one of the most striking developments in the
world economy over the past thirty years. In recent years, the rise in international capital flows has been
particularly dramatic. IMF data indicates that gross capital flows between industrialized countries (the
sum of absolute value of capital inflows and outflows) expanded 300 percent between 1991 and 2000. Much
of this increase was attributable to the rise in foreign direct investment and portfolio equity flows, which
both rose by roughly 600 percent. By contrast, gross bond flows increased by a comparatively modest 100
percent. The expansion in all these flows vastly exceeds the growth in the real economy or the growth in

international trade. During 1991-2000 period, real GDP in industrialized countries increased by 26 percent,

3For the results we study, the neighborhood is large enough to cover the dynamics of the economy for 100 years.



and international trade rose by 63 percent*. So while the growth in international trade is often cited as
indicating greater interdependence between national economies, the growth in international capital flows
suggests that the integration of world financial markets has proceeded even more rapidly.

Greater financial integration is manifested in both asset holdings and capital flows. Figures la and 1b
show how the scale and composition of foreign asset holdings have changed between 1976 and 2003. US
ownership of foreign equity, bonds and capital (accumulated FDI) is plotted in Figure la, while foreign
ownership of US corporate bonds, equity, capital and Treasury securities are shown in Figure 1b. All the
series are shown as a fraction of US GDP. Before the mid-1980s, capital accounted for the majority of foreign
assets held by US residents, followed by bonds. US ownership of foreign equity was below 1% of GDP. The
size and composition of these asset holdings began to change in the mid-1980s when the fraction of foreign
equity surpassed bonds. Thereafter, US ownership of foreign equity increased rapidly peeking at roughly 22
percent of GDP in 1999. US ownership of foreign capital and bonds also increased during this period but to
a lesser extent. In short, foreign equities have become a much more important component of US financial
wealth in the last decade or so. Foreign ownership of US assets has also risen significantly. As Figure 1b
shows, foreign ownership of corporate bonds, equity and capital have steadily increased as a fraction of US
GDP over the past thirty years. By 2003, foreign ownership of debt, equity and capital totalled 45 percent
of US GDP.

Figure 1a. U.S.-owned assets abroad, %GDP Figure 1b. Foreign-owned assets in US, %GDP
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The pattern of asset ownership depicted in Figures 1a and 1b is consistent with increased international
portfolio diversification by both US and non-US residents. More precisely, the plots show changes in own-
ership similar to those that would be necessary to reap the benefits of diversification. This is most evident
in the pattern of equity holdings. Foreign ownership of equities has been at historically high levels over the

past five years.

4Trade volume is calculated as exports plus imports.



Figure 2a. US portfolio investment, outflows, %GDP Figure 2b. US portfolio investment, inflows, %GDP
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The change in asset ownership has been accompanied by a marked change in international capital flows.
Figures 2a and 2b plot the quarterly capital flows associated with transactions in US assets and liabilities
as a fraction of GDP. Negative outflows represent US net purchases of foreign assets, while positive inflows
represent foreign net purchases of US assets. Two features of these plots stand out. First, capital flows were
a small fraction of GDP before the mid-1980s. On average, annual gross capital flows accounted for only 1
percent of US GDP until the mid 1980s, but by 2003 amounted to almost 6 percent of GDP. Second, the
volatility of capital inflows and outflows increased markedly in the 1990s. This is most clearly seen in Figures
3a and 3b where we plot the standard deviation of the capital flows over a rolling window of 58 quarters. The
increased volatility of equity outflows is particularly noticeable: between 1987 and 2004 volatility increased

eleven-fold as a fraction of GDP.

Figure 3a. Volatility of portfolio investment, outflows %GDP Figure 3b. Volatility of portfolio investment, inflows %GDP
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We will focus on the three outstanding features of the data in our analysis below: the increase in (i)

ownership of foreign equities, (ii) the size of portfolio flows, and (iii) the volatility of portfolio flows. In



particular, we will investigate whether all three features of the data arise as natural consequences of greater

integration in world financial markets.

2 The Model

We consider a world economy consisting of two identical countries, called HOME (H) and FOREIGN (F). Each
country is populated by a continuum of identical households who supply their labor inelastically to domestic
firms in the traded and non-traded goods sectors. Firms in both sectors are perfectly competitive, and issue
equity that is traded on the domestic stock market. Our model is designed to study how the degree of financial
integration affects international capital flows and returns. For this purpose, we focus on three equilibria.
First we consider the benchmark case of financial autarky. In this environment, households allocate their
portfolios between equity in domestic firms producing traded and non-traded goods. Second, we consider
a world with partial integration where households allocate their portfolios between domestic equity and an
international bond. Finally, we allow for integration of equity markets. Here we allow households to hold
shares issued by foreign traded-good firms as well as domestic equities and the international bond. This
case amounts to full financial integration in our model because households have no reason to hold the equity
issued by foreign firms producing non-traded goods. This is not to say that markets are complete. In all
three cases, the array of assets available to households is insufficient to provide complete risk-sharing.
Below we first describe the production of traded and non-traded goods. Next we present the consumption,
saving and portfolio choice problem facing households. Finally, we characterize the market clearing conditions

that apply under different degrees of financial market integration.

2.1 Production

The traded goods sector in each country is populated by a continuum of identical firms. Each firm owns its
own capital and issues equity on the domestic stock market. Period ¢ production by a representative firm in

the traded goods sector of the H country is
Y = Z/ K}, (1)

with 8 > 0, where K; denotes the stock of physical capital at the start of the period, and Z] is the
exogenous state of productivity. The output of traded goods in the F country, Y/tT, is given by an identical
production function using foreign capital Kt, and productivity Zg . Hereafter we use “” to denote foreign
variables. The traded goods produced by H and F firms are identical and can be costlessly transported
between countries. Under these conditions, the law of one price must prevail for traded goods to eliminate
arbitrage opportunities.

At the beginning of each period, traded goods firms observe the current state of productivity, and then
decide how to allocate output between consumption and investment goods. Output allocated to consumption
is supplied competitively to domestic and foreign households and the proceeds are used to finance dividend
payments to the owner’s of the firm’s equity. Output allocated to investment adds to the stock of physical
capital available for production next period. We assume that firms allocate output to maximize the value of

the firm to its shareholders.



Let P denote the ex-dividend price of a share in the representative H firm producing traded-goods at
the end of period ¢, and let D} be the dividend per share paid during period t. PJ and D are measured in
terms of H traded goods. We normalize the number of shares issued by the representative traded-good firm

to one so the value of the firm at the start of period ¢ is P;" + Dy. H firms allocate output to investment, Iy,

by solving
max (Dy + F'), (2)
subject to
Ky = (1-0Ki+ I
DY = Z'K? -1,

where 6 > 0 is the depreciation rate on physical capital. The representative firm in the F traded goods sector
choose investment I; to solve an analogous problem. Notice that firms do not have the option of financing
additional investment through the issuance of additional equity or corporate debt. Additional investment
can only be undertaken at the expense of current dividends.

The production of non-traded goods does not require any capital. The output of non-traded goods by

representative firms in countries H and F is given by

Y, = kZ, (3a)
YN = kZY, (3b)

where & > 0 is a constant. Z} and Z) denote the period-t state of non-traded goods productivity in countries
H and F respectively. The output of non-traded goods can only be consumed by domestic households. The
resulting proceeds are then distributed in the form of dividends to owners of equity. As above, we normalize
the number of shares issued by the representative firms to unity, so period ¢ dividends for H firms are
DY =YY, and for F firms are DY = Y;¥. We denote the ex-dividend price of a share in the representative H
and F firm, measured in terms of non-traded goods, as P} and I:’tN respectively.

Productivity in the traded and non-traded good sectors is governed by an exogenous productivity process.

In particular, we assume that the vector z, = [In Z7,In Z7,In Z¥,In Z}] follows an AR(1) process:
2t = QzZ¢—1 + ey, (4)

where e; is a (4 x 1) vector of i.i.d. normally distributed, mean zero shocks with covariance .



2.2 Households

Each country is populated by a continuum of households who have identical preferences over the consumption

of traded and non-traded goods. The preferences of a representative household in country H are given by

Ut = ]E‘t Z ﬁiU(Cg+i7 C§+i)7 (5)
i=0
where 0 < 8 < 11is the discount factor, and U(.) is a concave sub-utility function defined over the consumption
of traded and non-traded goods, Cf and CY :

1
U(CT,CY) = gin [N+ A ()]

with ¢ < 1. A; and Ay are the weights the household assigns to tradable and non-tradable consumption
respectively. The elasticity of substitution between tradable and non-tradable consumption is (1 —¢)~! > 0.
Preferences for households in country F are similarly defined in terms of foreign consumption of tradables
and non-tradables, CT and CY.

The array of financial assets available to households differs according to the degree of financial integration.
Under financial autarky (FA), households can hold their wealth in the form of equity issued by domestic
firms in the traded and non-traded goods sectors. Under partial integration (PI), households can hold
internationally traded bonds in addition to their domestic equity holdings. The third case we consider is
that of full integration (F1). Here households can hold domestic equity, international bonds and equity issued
by firms in the foreign traded-goods sector.

The household budget constraint associated with each of these different financial structures can be written

in a simple common form. In the case of the representative H household, we write
W1 = Ry (W — Cf = QYCY), (6)

where QY is the relative price of H non-tradables in terms of tradables. R}, is the (gross) return on wealth
between period t and t + 1, where wealth, W;, is measured in terms of tradables. The return on wealth
depends on how the household allocates wealth across the available array of financial assets, and on the

realized return on those assets. In the FI case, the return is given by
Ri{y = Retof(Risy = Re) + of (Riyy — Re) + o (R}, — Re), (7

where; R; is the return on bonds, Rf,; and R! 1 are the returns on H and F tradable equity, and R}, is the
return on H non-tradable equity. The fraction of wealth held in H and F tradable equity and H non-tradable
equity are o, af and «f respectively. In the PI case, H households cannot hold F tradable equity, so af =0.
Under FA, households can only hold domestic equity so chtT =0and of +aof =1.

The budget constraint for F households is similarly represented by

Wt—H = Rf—rl(Wt - ést - QQIC?)’ (8)



with
RY =R+ 67 (Ryyy — Re) + 67 (Riyy — Re) + &) (RYy — Ry), (9)

where RtT 11, and RtT 1 denote the return on H and F tradable equity, and RtN "1 is the return on F non-tradable
equity. Although these returns are also measured in terms of tradeables, they can differ from the returns
available to H households. In particular, the returns on non-tradable equity received by F households, RE L1,
will in general differ from the returns received by H households because the assets are not internationally
traded. Arbitrage will equalize returns in other cases. In particular, if bonds are traded, the interest received
by H and F households must be the same as (7) and (9) show. Similarly, arbitrage will equalize the returns

on tradable equity in the case of partial and full integration so that Ry, ; = ]%tT 11 and R! 1= Rf 11

2.3 Market Clearing

The market clearing requirements of the model are most easily stated if we normalize the national pop-
ulations to unity, as well as the population of firms in the tradeable and non-tradeable sectors. Output
and consumption of traded and non-traded goods can now be represented by the output and consumption
of representative households and firms. In particular, the market clearing conditions in the non-tradeable

sector of each country are given by
cY =Y, and Y =YX (10)

Recall that firms in the non-traded sector pay dividends to their shareholders with the proceeds from the

sale of non-tradeables to households. Thus, market clearing in the non-traded sector also implies that
DY =YY  and DY =Y} (11)

The market clearing conditions in the tradeable goods market are equally straightforward. Recall that the
traded goods produced by H and F firms are identical and can be costlessly transported between countries.
Market clearing therefore requires that the world demand for tradables equals world output less the amount

allocated to investment:
Cr+Cr =Y +Y -1, —1I,. (12)

Next, we turn to market clearing in financial markets. Let A7, ATand AY denote the number of shares of
H tradeable, F tradeable and H non-tradeable firms held by H households between the end of periods ¢ and
t + 1. F household share holdings in H tradeable, F tradeable and F non-tradeable firms are represented by
AT, AT and AY. u and F houschold holdings of bonds between the end of periods ¢ and t + 1 are denoted
by B; and B;. Household demand for equity and bonds are determined by their optimal choice of portfolio
shares (i.e., af, af and o) for H households, and @;, dtT and ézf for ¥ households) described below. We
assume that bonds are in zero net supply. We also normalized the number of outstanding shares issued by
firms in each sector to unity.

The market clearing conditions in financial markets vary according to the degree of financial integration.



Under financial autarky, households can only hold the equity issued by domestically located firms, so the

equity market clearing conditions are

HOME: 1=A7, 0=4"  and 1=AY, (13a)
FOREIGN: 0=A7, 1=A"  and 1=AY, (13b)

while bond market clearing requires that
0= By, and 0= Bq. (14)

Notice that FA rules out the possibility of international borrowing or lending, so neither country can run at
positive or negative trade balance. Domestic consumption of tradeables must therefore equal the fraction of

tradeable output not allocated to investment. Hence, market clearing under FA also implies that
Df =7, and DI =CT. (15)

Under partial integration, households can hold bonds in addition to domestic equity holdings. In this

case, equity market clearing requires the conditions in (13), but the bond market clearing condition becomes
0= B+ B, (16)

The bond market can now act as the medium for international borrowing and lending, so there is no longer
a balanced trade requirement restricting dividends. Instead, the goods market clearing condition in (12)

implies that
DI 4+ Df = Cf + CF. (17)

Under full integration, households have access to domestic equity, international bonds and foreign equity

issued by firms in the tradeable sector. In this case market clearing in equity markets requires that

TRADEABLE : 1= A7 + AT, and 1= AT + Al (18a)

NON-TRADEABLE : 1= A}, and 1= A}. (18Db)

Market clearing in the bond market continues to require condition (16) so tradeable dividends satisfy (17).
In the full integration case, international borrowing and lending takes place via trade in international bonds
and the equity of H and F firms producing tradeable goods.

3 Equilibrium

An equilibrium in our world comprises a set of asset prices and relative goods prices that clear markets
given the state of productivity, the optimal investment decisions of firms producing tradeable goods, and the

optimal consumption, savings and portfolios decisions of households. Since markets are incomplete under all
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three levels of financial integration we consider, an equilibrium can only be found by solving the firm and
households’ problems for a conjectured set of equilibrium price processes, and then checking that resulting
decisions are indeed consistent with market clearing. In this section, we first characterize the solutions to the
optimization problems facing households and firms. We then describe a procedure for finding the equilibrium

price processes.

3.1 Consumption, Portfolio and Dividend Choices

Consider the problem facing a H household under full financial integration. In this case the H household
chooses consumption of tradeable and non-tradeable goods, Cf and C}, and portfolio shares for equity in
H and F firms producing tradeables and H firms producing non-tradeables, af, af and oY, to maximize
expected utility (5) subject to (6) and (7) given current equity prices PF P and PF, the interest rate on

bonds Ry, and the relative price of non-tradeables Q}. The first order conditions for this problem are

N
% - S (198)
1 = E; MRy, (19b)
1 = B [MyaRY,], (19¢)
1 = E[M1Ry], (19d)
1 = E [MtHRfH}, (19¢)

where M;11 = ((0U/OCE, ) [ (OU/ACY) is the discounted intertemporal marginal rate of substitution
(IMRS) between the consumption of tradeables in period ¢ and period t+ 1. Condition (19a) equates the rel-
ative price of non-tradeables to the marginal rate of substitution between the consumption of tradeables and
non-tradeables. Under financial autarky, consumption and portfolio decisions are completely characterized
by (19a) - (19¢). When households are given access to international bonds, there is an extra dimension to
the portfolio choice problem facing households so (19d) is added to the set of first order conditions. Under
full financial integration, all the conditions in (19) are needed to characterize optimal household behavior at
H country.

It is important to note that all the returns in (19) are measured in terms of tradeables. In particular,

the return on the equity of firms producing tradeable goods in the H and F counties are
1 = (PtT+1 + D;FH) /P and 1= (PtT+1 + D;FH) /P (20)

Because the law of one price applies to tradeable goods, these equations also define the return FOREIGN
households receive on their equity holdings in H and F firms producing tradeable goods. In other words,
AtTH = R{,; and ]:EtTH = REH. The law of one price similarly implies that the return on bonds R; is the same
for all households. By contrast, the returns on equity producing non-tradeable goods differ. In particular,

the return on equity for H households is

i1 = {(Ph1 + D) /P H @ /QF (21)

11



while for F households the return is
e = { (P + Dl ) /P { @Y/ Q2 (22)

where QY is the relative price of non-tradeables in country . R ; and R§+1 will differ from each other in
our model for two reasons. First, international productivity differentials in the non-tradeable sectors will
create differences in returns measured in terms of non-tradeables. These differences will affect returns via
the first term on the right hand side of (21) and (22). Second, international differences in the dynamics of
relative prices @)} and QAI; will affect returns via the second term in each equation. These differences arise
quite naturally in equilibrium as the result of productivity shocks in either the tradeable or non-tradeable
sectors. Variations in the relative prices of non-traded goods also drive the real exchange rate, which is

defined as the ratio of price indices in the two countries:

$—1

N =
Qt _ {/\T + /\N (C?t ); } . (23)
Ar + AN (QF) 7T

The returns on equity shown in (20) - (22) are functions of equity prices, the relative price of non-
tradeables, and the dividends paid by firms. The requirements of market clearing and our specification for
the production of non-traded goods implies that dividends D}, ; and DY ' | are exogenous. By contrast, the
dividends paid by firms producing tradeable goods are determined optimally. Recall that H firms choose
real investment I; in period ¢ to maximize the current value of the firm, D} + P;. Combining (19b) with
the definition of returns R, in (20) implies that P = B, [My41 (P, + D7y ;)] . This equation identifies
the price a H household would pay for equity in the firm (after period — ¢ dividends have been paid). Using
this expression to substitute for P in the H firm’s investment problem (2) gives the following first order

condition:
1=E, [MM (ozg+1 (Kip)! ™'+ (1 — 5))} . (24)

This condition implicitly identifies the optimal level of dividends in period t because next period’s capital
depends on current capital, productivity and dividend payments: K; 1 = (1—6)K; + ZF K? — D}. Dividends

on the equity of F firms producing tradeable goods is similarly determined by
1 =T [MtJrl (9ZAtT+1(f(t+1)971 +(1- 5))} ; (25)

where M;1 is the IMRS for tradeable goods in country F, and K = (1 — 8§)K; + ZF K? — DJ.

The dividend policies implied by (24) and (25) maximize the value of each firm from the perspective of
domestic shareholders. For example, the stream of dividends { D} } implied by (24) maximizes the value of H
firm producing traded goods for households in country H because the firm uses My to value future dividends.
This is an innocuous assumption under financial autarky and partial integration because domestic households
must hold all the firm’s equity. Under full integration, however, foreign households have the opportunity to
hold the firm’s equity so the firm’s dividend policy need not maximize the value of equity to all shareholders.

In particular, since markets are incomplete even under full integration, the IMRS for H and F households
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will differ, so F households holding domestic equity will generally prefer a different dividend stream from the
one implied by (24). In short, the dividend streams implied by (24) and (25) incorporate a form of home
bias because they focus exclusively on the interests of domestic shareholders.

We can now summarize the equilibrium actions of firms and households. At the beginning of period
t, firms in the traded-goods sector observe the new level of productivity and decide on the amount of real
investment to undertake. This decision determines dividend payments D] and ﬁtT, as a function of existing
productivity, physical capital and expectations regarding future productivity and the IMRS of domestic
shareholders. Firms in the non-tradeable sectors have no real investment decision to make so in equilibrium
Dy and ﬁ? depend only on current productivity. At the same time, households begin period ¢ with a portfolio
of financial assets. Under financial autarky the menu of assets is restricted to domestic equities, under partial
integration households may hold domestic equities and bonds, and under full financial integration the menu
may contain domestic equity, foreign equity and bonds. Households receive dividend payments from firms
according to the composition of their portfolios. They then make consumption and new portfolio decisions
based on the market clearing relative price for non-tradeables, and the market-clearing (ex-dividend) prices
for equity. The first-order conditions in (19) implicitly identify the decisions made by H households. The
decisions made by F households are characterized by an analogous set of equations. The portfolio shares
determined in this manner will depend on household expectations concerning future returns and the IMRS.
As equations (20) - (22) show, equity returns are a function of current equity prices and future dividends
and prices, so expectations regarding the latter will be important for determining how households choose
portfolios in period t. Current and future consumption decisions also affect period — t portfolios shares
through the IMRS. Household demand for financial assets in period ¢ follows from decisions on consumption
and the portfolio shares in a straightforward manner. In the case of full financial integration, the demand

for each asset from H and F households are

HOME FOREIGN
H TRADEABLE EQUITY: Af = afWE/PF, AT = &TWe/PF,
F TRADEABLE EQUITY: AT = oTWE/PF, AT = aTwe/Pr, (26)
NON-TRADEABLE EQUITY: AY = ofWE/QYPY, AY = aYW¢/QYPY,
BONDS By = aPWERy, B, = 6°WER,,

where W = W, — CF — QYCY and W = W, — CT — Q¥CY denote period — ¢ wealth net of consumption
expenditure and of =1 —af —af —af, &f =1 —af — df — &Y. Equation (26) shows that asset demands
depend on expected future returns and risk via optimally chosen portfolio shares, a;, accumulated net wealth
W¢ and W, and current asset prices (i.e., P7, PT, PN and P} for equity, and 1/R; for bonds). All of these

factors vary in the equilibria we study.

3.2 Equilibrium Dynamics

Finding an equilibrium in this model is conceptually straightforward. All that is required are the time
series processes for equity prices {PT, PP, PN and PN}, the relative prices of non-tradeables {QY and QY},
and interest rate on bonds Ry, that clear markets given the optimal behavior of firms and households.

Finding these time series in practice is complicated by the need to completely characterize how firms and
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households behave. When markets are complete, this complication can be circumvented by finding the
equilibrium allocations as the solution of an appropriate social planning problem and then deriving the
price and interest rates processes that support these allocations when decision—making is decentralized. This
solution method is inapplicable in our model. When markets are incomplete, as they under financial autarky,
partial integration, and full financial integration, there is no way to formulate a social planning problem that
will provide the equilibrium allocation of the decentralized market economy. To solve the model, we must
therefore characterize the optimal behavior of firms and households for a wide class of price and interest
rate processes, and then use the implied allocations in conjunction with the market clearing conditions to
find the particular set of price and interest rate processes that clear markets. We implement this solution
procedure as follows.

Our first step is to conjecture the form of the vector of state variables that characterize the equilibrium
dynamics of the economy. For this purpose, let k; = In (K;/K) and k; = In (Kt/K) where K is the steady

state capital stock for firms producing tradeable goods. Our conjecture for the state vector is given by
xy = (24, ke, ktawtth]/v

where w; = In(Wy/Wo), iy = In(W,/Wo) and z, = [In Z7,1n Z7,In Z¥,In Z}]'. Our conjecture for z; contains
the current state of productivity, the capital stocks in the H and F traded-goods sectors relative to their
steady state levels, and the wealth of H and F households relative to their initial levels Wy and Wo. All eight
variables are needed to characterize the optimal period—t decisions of firms and households, and period—t
market clearing prices.

The next step is to characterize the dynamics of x;. Nonlinearities in our model make it impossible
to describe the dynamics of x; using just its own lagged values. When households face portfolio choice
problems, wealth in period ¢ will depend on the first and second moments of returns conditioned on period—
t — 1 information. In general, these moments will be high order polynomials in the elements of z;_1 (e.g.,
Wiy, WP, w11, ...wp_q,), so elements of z; will depend on not just z;_; but also elements in x; 12},
and so on. We consider an approximate solution to the model that ignores the impact of third and higher

order terms. Under this assumption, we conjecture that the dynamics of the economy can be summarized
by

Xit1 = AXy + Upya, (27)

where Xpy1 =[ 1 x4y Teyq |, Teg1 = vee (.’I;t+1$2+1) and Uy is a vector of shocks with E [U;1|X¢] = 0,
and B [U;1U/, 1| X;] = S(X;). Equation (27) describes the approximate dynamics of the augmented state
vector X; that contains a constant, the original state vector z; and all the cross-products of x; in ;. Notice
that X;y; depends linearly on lagged X; so forecasting future states of the economy is straightforward:
E [X;41|X¢] = AX;. Since firms and households based their period—¢ decisions on expectations concerning
variables in ¢ 4 1, this aspect of (27) is useful when checking the optimality of decision-making (see below).
Equation (27) also introduces conditional heteroskedasticity into the state variables via the S(.) function.
Heteroskedasticity arises endogenously in our model if households change the composition of their portfolios,

so our conjecture for the equilibrium dynamics of the state variables must allow the covariance of Uy to

14



vary with elements of X;.

The final step is to find the elements of the A matrix and the covariance function S(.) implied by the
equilibrium of the model. Some elements of A and S(.) are simple functions of the model’s parameters,
others depend on the decisions made by households and firms. To find these elements, we use the method
of undetermined coefficients. Specifically, we posit that the log dividend, log consumption and portfolio
shares in period t can be written as particular linear functions of the augmented state vector, X;. With
these functions we can then characterize the dynamics of capital and wealth from period to period, and
hence fill in all the unknown elements of the A matrix and the covariance function S(.). We also use the
assumed form of period—t decisions in conjunction with the market clearing conditions to derive expressions
for equilibrium equity prices, relative prices and the interest rate as log linear functions of X;. Lastly, we
verify that the assumed form of the period—t decisions are consistent with the firm and household first order
conditions given the equilibrium price and return dynamics implied by (27). Appendix A contains a detailed
description of this procedure.

Two further aspects of this solution procedure deserve emphasis. First, it does not make any assumption
about the stationarity of individual state variables. In the calibrated version of the model we examine below,
productivity is assumed to follow a stationary process, but capital and wealth are free for follow unit root
processes in equilibrium. This turns out to be a useful feature of the procedure. As we discuss in detail
below, there are good economic reasons for transitory shocks to productivity to have permanent effects
on equilibrium wealth in our model. So a solution procedure that imposed stationarity on wealth would
be inappropriate. Our procedure allows for these permanent wealth effects but in a limited manner. The
limitation arises from the second important aspect of our procedure, namely it use of (27). This equation
approximates the equilibrium dynamics of the economy under the assumption that terms involving third and
higher order powers of the state variables have negligible impact on the elements of z;. This is reasonable
along a sample path where all the elements of z; are small. However, our specification for x; contains the log
deviation of household wealth from its initial level, w, = In(W,/Wy), and 1, = In(W;/Wp), so a sequence of
transitory productivity shocks could push w; and w; permanently far from zero. At this point the dynamics
of X; are poorly approximated by (27) and our characterization of the equilibrium would be unreliable. In
this sense (27) approximates the dynamics of the economy in a neighborhood near the initial distribution of
wealth. We are cognizant of this fact when studying the equilibrium dynamics below. In particular, when
simulating the model we check that the sample paths for wealth and capital remain in a neighborhood of
their initial distributions so that third order terms are unimportant.

Our solutions to the model use the parameter values summarized in Table 1. We assume that household
preferences and firm technologies are symmetric across the two countries, and calibrate the model for a
period equalling one quarter. The value for ¢ is chosen to set the intratemporal elasticity of substitution
between tradable and non—tradeable at 0.74, consistent with the value in Corsetti, Dedola and Leduc (2003).
The share parameters for traded and non-traded goods, Ar and Ay are both set to 0.5, and the discount
factor 6 = 0.99. On the production side, we set the capital share in tradeable production 6 to 0.36,
and the depreciation rate 6 to 0.02. These values are consistent with the estimates in Backus, Kehoe and
Kydland (1995). The only other parameters in the model govern the productivity process. In our benchmark
calibration we assume that each of the four productivity processes (i.c. In ZF,In Z7,In Z¥, and In Z¥) follow

AR(1) processes with independent shocks. The AR(1) coefficients in the processes for tradeable-goods
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Table 1: Model Parameters

Preferences I} Ar Axn 1/(1—-9)
0.99 0.5 0.5 0.74

Production 0 1)
0.36  0.02

Productivity — al, a, Qe

i it

0.78 0.99 0.0001

productivity, In Z] and In ZE , are 0.78, while the coefficients for non-tradeable productivity, In Z}, and
In ZE, are 0.99. Shocks to all four productivity process have a variance of 0.0001. This specification implies
that all shocks have persistent but temporary affects on productivity. Any permanent effects they have on

other variables must arise endogenously from the structure of the model.

4 Results

4.1 Simulations

We analyze the implication of our model for the behavior of capital flows as follows. First, we find the
parameters of the state process in (27) that characterize the equilibrium under financial autarky FaA, partial
integration P1, and full financial integration F1. As part of this process, we also find the equilibrium rela-
tion between the augmented state vector X; and the other endogenous variables in the model including the
asset holdings of households (i.e., AT, AT, A¥ and B; for H households and AT, AT, AY and B, for F house-
holds). Next, we simulate the equilibrium dynamics of X; over 500 quarters for each financial configuration
{FA, PI1, FI} . For these simulations we assume that wealth is equally distributed between H and F households
in period 0. The first 100 realizations of these simulations are then discarded to eliminate the influence of
the initial wealth distribution, leaving us with a sample spanning 100 years. The innovations to equilibrium
wealth are small enough to keep H and F wealth close to its initial levels over this span so the approximation
error in (27) remains very small. The statistics we report below are derived from 100 simulations for each
financial configuration and so are based on 10,000 years of simulated quarterly data in the neighborhood of
the initial wealth distribution.

We begin our comparison of the three financial configurations by focusing of the volatility of returns.
Table 2 reports the standard deviations of realized returns computed from our model simulations. Column
(i) reports volatility under financial autarky. Here we see that the model produces far less volatility in bond
and equity returns than we observe in the world. This is not surprising given our very standard specification
for productivity, production and preferences. We do note, however, that the relative volatility of returns
is roughly in accordance with reality: equity are much more volatility than the risk free rate, and foreign
exchange returns, Ag; = InQ; — InQ;_1, are an order of magnitude more volatile than equity. Note also

that the volatility of the return on equity in firms producing non-tradeable goods is almost twice that of the
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return on firms producing tradeables.

Table 2: Return Volatility, (annual % std. dev.)

FA PI PI-FA difference FI FI-PI difference
(i) (i) (iii) (iv) v)
Risk free rate r; 0.15% 0.11% -33.94% 0.11% 0.014%
Tradeable equity 7} 0.57% 0.44% -27.17% 0.44% -0.01%
Non-tradeable equity r¥  1.09% 0.95% -14.64% 0.92% -2.77%
Portfolio returns rf 0.80% 0.64% -21.29% 0.62% -4.63%
Foreign exchange Agy 2.64% 3.56% 29.66% 3.55% -0.124%

Columns (ii) - (v) of Table 2 show how the volatility of returns change as the degree of financial integration
increases. Column (ii) reports the standard deviation of returns for the case of partial integration where
households can trade international bonds. Column (iii) shows how the volatility changes relative to the case
of Financial Autarky. Opening trade in international bonds reduces the volatility of equity returns and the
risk-free rate by approximately one third, while the volatility of foreign exchange returns rises by roughly one
third. The volatility of returns changes further when households are given access to foreign tradeable equity.
As column (v) shows, the largest changes occur in the volatility of portfolio equity returns, which falls by
5% relative to its level under partial integration. Return on non-tradeable equity decreases by roughly 3%.

Next we turn to the behavior of capital flows. Table 3 compares the behavior of the bond and equity
flows between countries in the PI and FI configurations. The bond flows are computed as R%Bt — Bi_1(=
—R%Bt + Bt,l) and equity flows as PFAA] from the equilibrium portfolio shares and wealth as shown in
(26). We study their behavior measured relative to GDP, (B; — RyBi—1) /R:Y,%"" and PfAAT/Y,SP", where
Y = V" + QY. Column (i) of Table 3 shows that bond flows are extremely volatile under partial
financial integration. In this configuration, bonds serve two purposes. First, they allow households to share
risks. Second, they provide the only medium through which international borrowing and lending takes place.
Under financial autarky, the cross-country correlation in marginal utility is zero because the productivity
shocks hitting each sector are independent. Under partial integration, this correlation rises to 0.52, so the
creation of an international bond market facilitates a lot of risk-sharing. Columns (ii) and (iii) show how the
volatility of capital flows is affected by opening both bond and foreign equity markets. It is important to
remember that these flows are computed from the equilibrium in which full financial integration is established
and do not include any of the adjustment flows that would accompany the opening of foreign equity markets.
Two features stand out from the table. First, bond flows are much less volatile than they were under PI.
Second, bond and equity flows display different degrees of volatility, with bond flows being almost twice as
large and as volatile as equity flows.

As one would expect, the degree of risk-sharing in this configuration is higher than in the PI case - the
cross-country correlation in marginal utility is 0.67. Access to foreign equity allows households to share more
risk, but markets are still incomplete.

What lies behind the changing behavior of capital flows depicted in Table 3?7 To address this question
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Table 3: International Portfolio Flows

Partial Integration PI Full Integration FI
bonds bonds equity

Q) (i) (i)
std. 6.06% 1.64% 0.88%
min -29.23% -6.53% -3.96%
max 30.99% 6.20% 4.17%
mean abs 4.83% 1.31% 0.70%

we must return to the structure of the model. Using (26) we can write the equity flow as

. pPT
PIAA] = atTWtC - atTletcfl—P{“ )
t—1
T T I T
= Ao, WS+ [atlAWf — <PT — 1) Wtcloztl} . (28)
t—1

The first term in the second line captures investor’s desire to change shares due to changes in expected
returns and risk. Bohn and Tesar’s (1996) name this term the “return chasing” component of the portfolio
flow. The second term reflects investor’s intention to acquire or sell off some of the asset when her wealth
changes or when there are some capital gains or losses on the existing portfolio. This term is called “portfolio

rebalancing” component. Bond flows can be decomposed in a similar manner:

RitBt Bt = AQBWE 4 [al L AWE — (Rioy — ) WE 1a? ] . (29)

Table 4 reports the contribution each component makes to the variance of the bond and equity flows.
Under PI, variations in the return chasing component are the main source of volatility in bond flows. Portfolio
rebalancing, identified by the second term in (29), plays an insignificant role. This is not a surprising result.
The statistics in Table 4 are based on the equilibrium dynamics of the economy in the neighborhood of an
initial symmetric wealth distribution, so the bond position of households at the beginning of each period is
typically a small fraction of total wealth. Under these circumstances af_; 2 0, so the second term in (29)

makes a negligible contribution to bond flows.

Table 4: Variance Decomposition of International Portfolio Flows

Partial Integration PI Full Integration F1
Return Chasing Portfolio Rebalancing Return Chasing Portfolio Rebalancing

(i) (if) (iif) (iv)

Equity - - 2.38 -1.38
Bonds 0.993 0.007 0.991 0.009
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Table 4 also shows that both the “return chasing” and “portfolio rebalancing” components contributed
to international equity flows under F1. Households increase the share of tradeable equity in their portfolios
in response to shocks that increase the price of tradeable equity so the variations in the two components are
negatively correlated. The figures of 2.38 and -1.38 in columns (iii) and (iv) mean that a unit of positive
equity flow results from an increase of 2.38 units in the “return chasing” component and a 1.38 fall in
the “portfolio rebalancing” component.? Rebalancing plays a more important role in equity flows because
households begin each period with approximately 50 percent of their wealth in tradeable equity, which is
evenly split between stock issued by domestic and foreign firms.

The decline in the size and volatility of capital flows in responce to integration predicted by the model
also leads us to ask questions about the appropriate measure of financial integration. Conventional measures
rely on the volumes of cross-border capital flows to capture the extent of integration. On the contrary, our
model provides some evidence that such relation is not necessarily linear and capital flows may even decline
in responce to integration. Other commonly used measures of integration are based on the law of one price
arguments and use cross-markets premia to capture the degree to which different markets are integrated, in
particular, how closely these markets can price identical assets. The estimates of the price-based measures of
integration are often contaminated by the aggregation bias that occurs when price indices rather then single
asset prices are used to compare different markets. The advantage of our theoretical framework consists of
providing us with a direct measure of the pricing kernel under each integration scenario, which in turn allows
us to construct theoretical tradeable depositary receipts (DRs) and obtain the return differentials between
these DRs and the underlying equity shares at H and F equity markets. The results from such calculations
are presented in Table 5. These results suggest that financial integration is well captured by the dynamics

of return differentials. In particular, as integration progresses, volatility of return differentials declines.

Table 5. T Equity Return Differentials (annual, %)

Autarky FA  Partial Integration p1  Full Integration FI

mean -0.002% 0.000% 0.000%
median 0.003% 0.000% 0.000%
std. 0.811% 0.013% 0.002%
min -3.360% -0.255% -0.010%
max 3.597% 0.229% 0.010%
mean abs 0.647% 0.007% 0.002%

4.1.1 Integration and the volatility of capital flows

Our simulations reveal a distinct relation between the degree of financial integration and the volatility of
international capital flows. During the early stages of integration, characterized here by the move from the

FA to PI equilibrium, the volatility of international capital flows rises significantly. Then, as integration

5More precisely, equation (28) implies that
V(P{AA}) = CV (P AAL, Aai Wy) + CV(PIAAY, af (AWY — (P /P ) — W 1ai )

and Table 4 reports the first and second terms on the right as a fraction of V (PfAA}).
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proceeds further, volatility declines. In short, our model predicts that the volatility in international capital
flows should follow a humped-shaped pattern as financial integration increases. Our model also predicts that
international capital flows should be facilitated by trade in both bonds and equity at high levels of financial

integration. In this section, we shall argue that both results arise as a natural consequence of greater risk

sharing.
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Figure 4a. Real effects of productivity shocks

We begin our explanation on the real side of the economy. In particular, let us consider how a positive
productivity shock to domestic firms producing traded goods affects real output and consumption in both
countries under our three market configurations. The effects on the trade balance and the relative price
of tradeables are shown in the left hand panels of Figure 4a. Recall that productivity shocks only have
temporary affects on the marginal product of capital. Thus, a positive productivity shock in the domestic
traded-goods sector will induce an immediate one-period rise in real investment as firms in that sector take
advantage of the temporarily high marginal product of capital. In short, there is an investment boom in the
domestic tradeable goods sector. Because the equity issued by these firms represents a claim on the future
dividend stream sustained by the firm’s capital stock, one effect of the investment boom is to increase the
equilibrium price of tradeable equity PJ. Under FA, this capital gain raises the wealth of H households so
the domestic demand for both tradeable and non-tradeable goods increase. While increased domestic output
can accommodate the rise in demand for tradeables, there is no change in the output of non-tradeables, so

the relative price of non-tradeables, @}, must rise to clear domestic goods markets.
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A similar adjustment pattern occurs under P1. The capital gain enjoyed by H households again translates
into increased demand for tradeables and non-tradeables, but now the demand for tradeables can be accom-
modated by both H and F firms producing tradeables. As a result, the productivity shock is accompanied
by a trade deficit in the H country and a smaller rise in @} than under FA. Once the investment boom is
over, the domestic supply of tradeables available for consumption rises sharply above domestic consumption.
From this point on, the H country runs a trade surplus under PI and FI until the foreign debt incurred during
the investment boom is paid off.®

In the case of FI, the increase in P[ represents a capital gain to both H and F households because
everyone diversifies their international equity holdings (i.e., all households hold equity issued by H and F
firms producing tradeable goods). As a result, the demand for tradeables and non-tradeables rise in both
countries. At the same time, by taking a fully diversified positions in T equities, both countries can finance
higher tradeable consumption without borrowing from abroad and running a trade deficit. The result is trade
balance at every equilibrium point. Market clearing in the non-tradeables markets raises relative prices (i.e.
QF and QtN), but less then under PI.

The right hand panels of Figure 4a show the effects of positive productivity shock in the H non-tradeable
sector. Once again, the shock produces a trade deficit under PI, but it is much smaller and persists for
much longer than the deficit associated with productivity shocks in the tradeable sector. The reason for this
difference arises from the absence of an investment boom. A positive productivity shock in H non-tradeables
increases the supply of non-tradeable output available for domestic consumption. This has two equilibrium
effects. First, it lowers the relative price of non-tradeables, @}, so that the H market for non-tradeables clears.
This is clearly seen in the lower right hand panel of Figure 4a. Second, it raises the H demand for tradeables
because tradeables and non-tradeables are complementary consumption goods under our parametrization.
The result is a persistent trade deficit. Under FI1, in contrast with the effects of T shock, productivity increase
in N sector leads to a trade deficit. The size of the deficit on impact is comparable with that under PI, and
likewise is financed by borrowing from abroad. However, the amount of such borrowing under FI is much
larger as it is used to finance both consumption demand and purchases of a diversified portfolio of T equity
shares. In constrast to PI, in the period immediately following the shock, trade deficit falls by more then
50% and slowly reverts back to zero from that new level.

To summarize, the trade balance dynamics displayed in Figure 4a are readily understood in terms of
intertemporal consumption smoothing once we recognize that shocks to tradeable productivity induce do-
mestic investment booms. In addition, these dynamics differ under the PI and FI configurations. When
given a choice between international bonds and equity, households choose to take fully diversified positions
in stocks allowing them to share country specific risks internationally. Then, depending on the productivity
shock, bonds are either used to finance the purchases of equity, or become redundant. When equity is not

available, bonds must be used to smooth consumption via borrowing and lending.

6The trade deficit arises because the rise in the risk free rate reduces investment by F firms producing traded goods by more
than the increase in F demand for tradeables, so F tradeable firms export some of their output to H households.
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Figure 4b. Real effects of productivity shocks

We are now ready to think about capital flows, the dynamics of which are presented in Figure 4b. Under
PI, capital flows only take place through the bond market and can be easily inferred from the dynamics
of the trade balance. In particular, the sharp reversal in the trade balance immediately following a shock
to productivity in the tradeable sector will be matched by a sharp outflow and then inflow of bonds into
the H country. In contrast, productivity shocks in the non-tradeables induce a much smaller initial outflow
that persists until the trade balance eventually moves into surplus. In sum, our model generates high
volatility in capital flows under PI because shocks to tradeable productivity create short-lived investment
booms that necessitate large changes in international bond holdings if households are to intertemporally
smooth consumption.

Under FI the story is quite different. The left panel of Figure 4b tells us that the T productivity shocks
do not induce any borrowing or lending as households are able to share the country specific risks using only
the T equity markets. In effect, households choose to follow a buy-and-hold strategy for their diversified
T equity portfolio and to passively consume T dividends every period. Such behavior is characterisitic of
a complete market equilibrium. This is an expected results given that the available assets are sufficient to
span the space of productivity shocks z;, when only T shocks are realized. On the contrary, N productivity
changes can not be completely insured with the menu of available assets, which induces agents to adjust
their non-contingent bond holdings. In particular, in the period of the shock, households borrow enough to

finance increased demand for T consumption and T equities. As the effect of positive shock dies out, agents
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start selling off some of their equity holdings. These proceeds as well as dividend receipts on the remaining
equity are used to finance still higher T consumption and to pay back the previous period debt and interest
on that debt. The equity holdings are run down until the trade balance is restored.

What Figure 4b doesn’t tell us is how international borrowing and lending is spit between bond and
equity flows. More specifically, if investment booms account for the volatility of capital flows under P1, why
does the standard deviation of international bond flows fall from roughly 6 to 1.6 percent of GDP when we
move from the PI to FI equilibrium (see Table 3)?

To address this question we, first, evaluate the contribution of each asset to the variation in the trade
balance and then study the portfolio decision facing households more formally. Table 6 reports the variance
decomposition of the trade balance into three components corresponding to the asset flows used to finance
that trade balance. Consistent with the results from impulse responces, under PI all variation in trade balance
is attributable to shifts in bond holdings. Bond flows remain the largest contributor to the trade balance
under FI as well, however, these changes are almost entirely offset by the variation in T equity position. For
instance, one unit trade surplus is obtained by 18.4 unit bond inflows and 17.4 T equity outflow, all measured

in units of T good.

Table 6: Variance Decomposition of Trade Balance

Partial Integration p1  Full Integration FI

(i) (ii)

Flows:

Bonds, R%Bt — B, 1 18.370868
T equity at H, PTAAT - -8.6874052
T equity abroad, P AAT - -8.6782443

To understand how the households choose to allocate their assets we must focus on the financial side
of the model. Under FI, the optimal portfolio shares for H households are determined by the first order

conditions in (19b) - (19e). These equations can be rewritten in log-linear form as

1
Bery, —re + §Vt (r¥1) = —=CVi (myy1,m5 1) (30)

where 7', ; is the log return for equity x = {T,T,N}, r; is the log risk free rate, and m;1 = In My, is the log
IMRS (measured in terms of tradeables). V; (.) and CV; (.,.) denote the variance and covariance conditioned
on period—t information. Equation (30) says that under an optimal choice of portfolio, the expected excess
log return on equity must equal minus the covariance of the log equity return with the log IMRS. We shall
refer to the left hand side of (30) as the equity risk premium. In our model the term on the right hand side

can be re-expressed as

7. CV; (Cg+137112,<+1) + (1 —~,)CV, (q?Jrl + Clt\1+1vri<+1) ) (31)

23



where

")/tEEt

{1+ i—fTv (ng)%}ll .

Thus, (30) and (31) imply that the equity risk premium can be written as a weighed average of two covari-
ances: the covariance between the log equity return and the log tradeable consumption ¢j, ;, and covariance
between the log equity return and log non-tradeable consumption measured in terms of tradeables, g3, ; +cf, ;.
In principle, both covariances can change as shocks hit the economy and so can induce variations in the eq-
uity premia. However, in practice most of the variation in the risk premia come through changes in ~,. As
figure 4a showed, productivity shocks have an immediate and long-lasting effects on the relative price of
non-traded goods under FI, so they also induce variations in the equity risk premia via changes in +,.
Changes in the equity premia determine how households allocate the wealth between equities and bonds.
This is easily demonstrated once we recognize that m; 1 is perfectly correlated with log wealth, w;11. Using
this feature of the model, we can use the household’s budget constraint to rewrite the right hand side of (30)

for y = {T,T,N}. Re-arranging the resulting equations gives

_y-1 12
o = Et (EtETt+1 + EO—t) ; (32)
where o is the vector of portfolio shares, o = [ af oztT af ], eryq1 is a vector of excess equity returns,
/ _ T ,f N . o . . 2 _ .
erpyr = [ rfy — 7Tt Tig — 7t Thyy —1e |, S¢ is the conditional covariance of eryy1, and of = diag (%) .

Notice that Eseriyq + %af is just the vector of equity premia. Thus the variations in @} induced by
productivity shocks change the equity premia and also the equilibrium portfolio shares of households. This
is why the “return chasing” component is such an important component of both bond and equity flows under
FI (see Table 4).

Finally, we summarize why the volatility of international bond flows falls as we move from the PI to the
F1 equilibrium. Under PI scenario, when economy is subject to a combination of T and N shocks, bonds
serve as the means of financing investment boom occuring due to T shock and consumption boom resulting
from a N productivity shock. When equity becomes available under FI configuration, it reduces the need for
international borrowing and lending, thus lowering the necessary adjustment in bond flows and consequently

their volatility.

4.1.2 Empirical evidence

Are the theoretical predictions for the size and volatility of capital flows in accordance with their empirical
counterparts? To answer this questions we explore the relation between financial integration and volatilities
of equity and bond flows along the time-series and cross-sectional dimensions. Some time-series properties
of the capital flows have already been discussed at the beginning of the chapter. In particular, we showed
that monthly US equity and bond flows and their volatilities have increased over time (see Figures 2a-b and
3a-b). We relate these changes to the degree of financial integration as measured by the volatility of return

differentials.
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Figure 5a and 5b present some general patterns that emerge from the time-series data. For both US
and UK the volatility of return differential as measured by the rolling wondow standard deviation over 58
quarters has declined, implying higher integration. At the same time, the volatility of equity inflows and
outflows relative to GDP has increased. These results are robust to the size of the rolling wondow. Next,
we study the relation between integration and capital flows for a cross-sector and a panel of 32 countries
using monthly bilateral flows between US and a large number of foreign countries from US Treasury (TIC
database). [TO BE COMPLETED)]

One explanation for the dissimilarity of model predictions and the data could be the excess risk-sharing
generated by the model under FI scenario. In particular, the model predictions of full diversification are
highly implausible given the persistent equity home bias observed in the actual portfolio holdings of most
developed countries. Our next task, therefore, consists of stufying the effects of integration on capital flow
dynamics in the presence of home bias in equity portfolios. We accomplish this by departing from the
symmetry assumption by endowing countries with unequal initial wealth, as well as using a more realistic

process for productivity. The results are discussed in the robustness section.

4.2 Robustness

In this section we examine the robustness of our results along several dimensions. First, we examine how
our results change if the countries are initially endowed with an unequal distribution of wealth. Second, we
calibrate productivity process following Corsetti et al (2003). Third, we consider the effects of greater risk

aversion.

[TO BE COMPLETED)]

5 Conclusion

This paper develops a relatively simple model of international financial integration to study how the latter

affects the structure of asset ownership and the behavior of international capital flows. We adopt a com-

25



parative approach to capture financial integration. In particular, we consider financial autraky, economy
with a single non-contingent bond and an economy with bond and equity. Our findings suggest that at the
early stages of financial integration international capital flows are large (in absolute value) and very volatile.
When households gain access to foreign equity markets, the size and volatility of international bond flows
falls dramatically, however remains higher than the size and volatility of equity portfolio flows. Using im-
pulse responce analysis we show that such dynamics of capital flows are a direct consequence of international
risk-sharing. When equity is not available bonds have to do all the heavy lifting associated with borrowing
and lending. When equity becomes available, under a symmetric equilubrium households fully diversify their
equity positions, thus reducing the volatility of bond flows. To study the factors driving capital flows we
compute the variance decomposition of the flows and find that variations in the equity risk premia (i.e.,
expected excess returns on equity relative to the risk free rate) account for almost all of the international
portfolio flows in bonds and equities. Overall, the results from our model indicate that financial integration

could indeed be responsible for the large and variable international capital flows we observe in the real world.
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A Appendix: Solution method

This appendix describes the technique used to solve the model. Our starting point is an approximate
solution method developed by Campbell, Chan and Viceira (2000) (CCV hereafter). They study an economy
populated by an infinitely lived investor with Epstein-Zin preferences who faces a set of exogenous time-
varying asset returns and chooses her optimal consumption and portfolio allocations every period. The
optimal consumption and portfolio rules are obtained by log-linearizing the household’s optimality conditions
and solving the resulting system of linear equations using the empirically estimated laws of motion for asset

returns, dividend-price ratios and other variables, taken to be state variables.

Our task is more complex since dynamics of returns are determined simultaneously with consumption
and portfolio rules in our model. Therefore, we need to extend Campbell, Chan and Viceira (2000) technique
to a decentralized general equilibrium setting in which returns are endogenously determined and the model

dynamics are driven by the collection of exogenous stochastic technology disturbances.

The outline of our solution approach is the following. First, the non-stochastic steady state of the model
is determined. Then we log-linearize the equations characterizing the equilibrium, while carefully choosing
the linearization point. We posit the form of the law of motion for state variables, decision rules for control
variables and prices. Using these conjectures, the system of equilibrium equations is expressed in terms of

unknown coefficients and is solved numerically using the undetermined coefficients method.

Next, we describe these steps in more detail. For a formal discussion see Evans and Hnatkovska (2005).

A.1 Approximate model

In our model the equilibrium conditions include equations (6), (7) and (19a)-(19e) characterizing household’s
behaviour, equations (24) describing firm’s problem at H country, a symmetric system of conditions for the

F coutntry, a set of market clearing conditions in equations (10)-(12) and (16)-(18b), plus return definitions
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in (20)-(22). The system in summarized below.

Rl = Ro+of (R, —R)+af (Bl — R +a) (R, - Ry)
Wisn = Ry, (W —Cf —QiCY)
1— —1
o - (3) (&) a
1 = E([My1R)]
1 = B My R
1 = B {Mt—&-lRtTJrl]
1 = B [MyaRY,]
O 4 OO
R G otw) (42
fa = (1=8K; +ei K - Df
L = B {Mt+1 (QZtT-i-l (Kisn)" ™ 4 (1 - 5))}
Y = Y =Df
Cr+Cf = Y +Y 1, — I,

To solve the model, we first find its non-stochastic steady state. The system of equilibrium equations is
then log-linearized as follows. The equations pertinent to the real side of the model are log-linearized up
to the first order, while those related to the financial side - up to the second order. Real variables, such as
capital, dividends, etc. are stationary around their unconditional mean (which is independent of the portfolio
split). Individual’s financial wealth is linearized around its initial distribution. Distributions of consumption
and portfolio shares will be pin down endogenously by the model. All small letters denote log transformation
of the corresponding variable, measured as deviation from the steady state level or its initial distribution.

Foreign country equations have the same formulation, and hats are used to denote foreign variables.

The return on the portfolio in (7) is a function of portfolio shares and asset returns and can be approxi-
mated following CCV as

1
P ’ 1 2
Ti =Tt +ageryyr + Plat (0F — Sray) (A3)
where where o is the vector of portfolio shares, oy = [ af af of ], ergp1 is a vector of excess eq-
uity returns, ery,q = [ rf,; —ry T?H —r¢ Th —1¢ ], X¢ is the conditional covariance of er;y;, and

0? = diag (3;) . CCV show that this approximation holds exactly in continuous time and remains a good

approximation in discrete formulation with short time intervals.

The budget constraint of the H household in (6) can be simplified when preferences are logarithmic. In
particular, we conjecture that the optimal consumption-wealth ratio under log-utility preferences is constant

and show this formally in the proposition.
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Proposition 1 Given the set of prices in the economies, optimal consumption rule of a household in each

country consists of consuming a constant fraction of wealth every period,

O+ QIO = W,

Cr 4+ QYCY = p.

This proportionality depends on the subjective discount factor (3.

Proof of this proposition follows the derivation in Obstfeld and Rogoff (1996) and is presented in the
Appendix B.

The simplified budget constraint in log-linearized form is
Awgyr =r) +1ng (A4)

In the original paper, CCV work with a more general Epstein-Zin preferences and linearize the budget con-
straint around the unconditional mean of the log consumption-wealth ratio. Our assumption of logarithmic
utility is, of course, restrictive and has direct implications for the portfolio and consumption-saving problems,
but can be easily relaxed since the method presented here is general enough to handle more complex utility

functions.

Euler equations are linearized using second-order Taylor series expansion and lognormality of asset re-

turns:
X 1 X X
Eﬂ’t+1 — 7+ in (TtJrl) = 7(CV15 (mt+1,rt+1) 5 (A5)

where 7‘2‘_1_1 is the log return for equity y = {T,T,N}, r; is the log risk free rate, and myi1 = In Myqq is
the log IMRS (measured in terms of tradeables). Vi (.) and CV; (.,.) denote the variance and covariance
conditioned on period—t information. Proposition 1 also allows to re-write the logarithm of the stochastic

discount factor myy1 as minus the growth rate of households’ financial wealth
M1 = —Awiiq

Using this condition, the system (19b)-(19e) can be summarized is terms of portfolio shares a; and first and

second moments of asset returns.

1
EterHl = Etat - 50’? (A6)

Using equation (A6 ) budget constraint can be rewritten as:

1
Awt+1 =Tt =+ EaéEtat + a; (67’t+1 — ]Etert_H) (A7)
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Given the portfolio allocations chosen by investors in period ¢, their financial wealth in period ¢ + 1 is
a function of the unanticipated asset return realized during that period. In particular, each period agent’s
decisions on how to allocate their savings depends not only on their expected wealth, but also on the actual
realizations of wealth.

This formulation proves to be an important feature of our model. Variations in the unexpected return
dominate the variations in expected return, however, due to their nature, will be swamped away in any
solution method that works with the model formulations of the form E.f (Y11, Y, Xi41, X¢) = 0 and would
make it inapplicable to our model. In order to account for the unexpected component of returns and,
correspondingly, wealth, we must keep track of their second moments and include them explicitly as part of

the model’s equilibrium conditions.

A.2 Solution to the approximate model

The set of linearized equations characterizing equilibrium of the model can be written in a general form as

0 f (Yigr, Ve, X1, &) (A8)
X1 = h(X, Sy (X)) + Ui

where

X; - vector of predetermined variables (or states), such as exogenous productivity shocks, capital and
wealth at the beginning of period t, as well as their polynomials of infinite order. State vector can include
both exogeneous and endogenous predetermined variables. Y; is a vector of non-predetermined variables at
time ¢. It includes consumption, dividends, asset and goods prices. h (.,.) is the law of motion for X', while
f contains equations characterizing the equilibrium.

Standard perturbation techniques assume Uy 1 to be i.i.d with zero mean and constant variance. In this
model, we show that U;y; exhibits heteroskedasticity, which arises endogenously as an inherent feature of
the model with incomplete markets.

The goal is to find a sequence of decision rules for Y;, such that
Yit1 = g (Xet1,Su (A2))
In particular, Y must satisfy all the equilibrium conditions in (A8):
0 =F (g (h (X, Su (X)) + U1, Su (1)) 9 (X, Su (X1)), b (Xe, Su (X2)) + Urpr, &) Vi

One of the complexities of the portfolio choice models concerns the dimensionality of the state vector. In
particular, when asset markets are incomplete and portfolio choice is endogenous, wealth becomes a state
variable, which expands the state vector X infinitely. One of the tasks for solving such model, therefore,
consists of characterizing a good approximation to the equilibrium dynamics of the finite subset of state
variables X in X.
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State variables dynamics:

Decompose the finite vector of state variables as follows
Xy = Tt

were x; (n x 1) includes linear terms, such as exogenous productivity shocks, capital and wealth at the

beginning of period ¢, while Z; = vec (x¢x}) contains their squares and cross-products. In particular,

Ty = [Zt,ktyiﬂt,wt,wt]/

A A ! A~ A~ ~
where z, = [ nZ' WZ' Wz Wz} ] Jwe = In (W, /W), = In (Wt/W()) ke = In (K, /K) &y =

In (Kt/f() . vec (@) is a vectorization operator.

Following the method of undetermined coefficients, conjecture the law of motion for x;:
Tpp1 = Po+ (I — Pp)xy + PoZy + €141 (A9)

where @ is the (n x 1) vector of constants, ®; is the (n X n) matrix of autoregressive coefficients and @5 is
the (n x n?) matrix of coefficient on the second-order and cross-product terms. vec(-) is the vectorization
operator. Innovations €441 have zero conditional mean. Since wealth dynamics depend on the unexpected
components of returns, which themselves are state dependent, we posit that the variance-covariance matrix

of 441 is a function of quadratic state variables and their cross-products

E(Et+1|$t) = 0
E (5t+15;+1|xt) = Q(i’t) = Qo + Qlittl’éQll

Dynamics of non-predetermined variabels:
Also conjecture the form of the optimal decision rules in Y3, g (.,.) . Specifically, we posit that Y; is some

linear function of states X; :

Yisr = X4 (A10)

- S ~ ! .
Specifically Y; = [ af of & & o & propr o p¥ opY @ ¢ e df df Lsm and includes
optimal portfolio rules for T and N equity shares in both countries, optimal stock prices in the two sectors,
relative prices of non-tradeable goods at H and F, risk free rate and T sector dividends. Matrix IT is a matrix
of coeflicients to be determined.

Then the law of motion for Xy, h (.,.), can be formulated in terms of {®q, @1, P2} using the Ito’s Lemma.
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First, vectorize the conditional variance of the error process:

1 1
vee (7)) = [ S 0 S || @ | =2 o (A11)
&y %4

Second, apply Ito’s Lemma to formulate the second-order approximate dynamics of x;y; (see appendix

B for detailed derivations):

Try1 = 5D%0 + (Do @ 1)+ (I @ Ro) 2t + (I (21 ®I) = (I ® 1) +5D1) &y + [(I @ ) + (v @ I)] ee11

(A12)
The dynamics of X; become:
1 1 0 0 1 0
Ti41 = @0 I — @1 (I)Q Tt + Et4+1 (A13)
Tii1 iDSy (Po@ )+ (I ®®P0) I—(P1®I1)—(I®P)+3D%; Ty Eir1

which is equivalent to

Xir1 =AX; + Ui

!/
where X; = [ 1 o Iy ] defined before with the dimension (k x 1), where k = 1 +n+n?, Ais a (k x k)

!
generalized matrix of coefficients that needs to be determined, and Uy = [ 0 €141 Ett1 } is a new

composite vector of innovations with the following properties:

E (U] Xe) =
B (Ur1UpalXe) = S(Xy)

Note there are two sources of approximation error in the state dynamics. The first is induced by the

discrete/continuous time shift. The second comes from ignoring the third-order terms Z;x}.

Several important properties of the posited process for state vector emerge. First, VAR(1) process that
governs X; is heteroskedastic. Heteroskedasticity in this case is endogeneous and arises as a natural feature
of the model with incomplete asset markets. In particular, innovations to Xy, i.e. to wealth, depend on the
optimal portfolio allocations and returns, which themselves are functions of the state vector X;. We will
show that this feature has direct implications for the time-varying nature of the equity risk-premium in our
model.

Second, the size of the variance of shocks, as given by [ Yo 0 X4 } X, affects the coefficients on
the terms quadratic in the state vector. This contrasts with the results of some perturbation methods. In
particular, Schmitt-Grohe and Uribe (2004) show that based on the Taylor series expansions of the decision
rules and laws of motion, up to the second order, coefficients on the terms linear and quadratic in the state

vector should be independent of the volatility of exogeneous shocks. This disparity is a direct consequence
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of the endogenous heteroskedasticity present in our model. Since the shocks to wealth are state dependent,

they must affect the coefficients on X; in the laws of motion. At the same time, our derivations for the

necessary adjustment in the constant term are consistent with Schmitt-Grohe and Uribe (2004) findings.

When second-order linearizations are used, constant terms in the law of motion for state variables must be

corrected by %DZO, which is comparable with their result.

Conditional heteroskedasticity.

To completely specify the system, we also need to characterize the distribution of the composite error

term Ug41. In particular, we show that its conditional variance-covariance matrix can be calculated as

0 0 0
E(UiiUpalXe) = S(Xo) =] 0 Q(X,) I'(Xy)
0 T(X) T(Xy)

Q(Xt) = QO + letx;Qll

where 2 and I' and ¥ are functions of coefficient matrices A, Qg and ;. In particular,

vec(T(X;)) = To+ Ty + Doy
Ty = —%(]IDE(]@(I)())UeC(I)
Pro= —[(@o®1)+ (I ®P)] &P+ 5 (]11)20@(1 ®y))
Ly = —[I—((®1®1)+ I o))+ %Dzl]@)@o—g(mo@qb)

—[(@o@ 1)+ (I ®Po)] @ (I — 1)

vec (I‘ (Xt)/) Ao+ Az + Aoy
Ay = —3(Po® D) vec(I)

A = —(Pe®@[(@o @)+ (I®P)])+2((I—21)® D)
Ay = — (2@ [I—(P1@1)+ (I ®®1)) +3D%1]) — 5 (P2 ® Do)
—((I=21)@[(@o® 1)+ (I ®P0)])
vec (U (X)) = Po+ Uyay + Ualy
v, = —i (Do ® Do) vee(I)
Uy = —5([(®o®I)+ (I ® D) @D — 5 (DX @ [(Po @ 1) + (I @ Dy)])

Uy = —=[I-((®1®01)+ (I ®P1))+ 3D%;] ® DX,
1D ® [I— (21 ®1)+ (I ®1)) + 1D%4])
[

— (@ @)+ (I®@P)] @ [(PoR 1)+ (I @ Dp)]

1
2
1
2

The derivations of these expressions are provided in Appendix B.
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With the conjectures for the dynamics of X; and Y; at hand, finding the equilibrium in our model reduces

to solving the fixed-point problem in the recursive formulation:
F (ITAX; + 101, TTX, AXy + Upyr, Xt) =0

F consists of all the equilibrium conditions, including the restrictions on the second moments, implied by
the model.

We use definitions of equity returns and budget constraint to illustrate the procedure for constructing
F. Linearized equity returns are obtained following Campbell and Shiller (). We will use 7; to denote row
vector of IT corresponding to a non-predetermined variable ¢, while II; will refer to a collection of vectors.
We also define h; to be a selection vector of zeros and ones, such that it picks the i*" element out of the full

state vector X;.

Then the return on T equity is:

Tivr = Bpi + (L= B)diyy —py
= I:ﬂ'ZA — W;] Xt + WZUt+1 (A15)

where 7 = (87} + (1 — 8)x}) . Similarly, return on N equity is
a p d

i = Agyyy O + (1= B)dY, — Y
= [mA -7y —my] Xi + maUsa (A16)

where 7 = (7‘(2 + By 4+ (1 — /B)wg) . Linearized expression for the rental rate expresses capital return as a

a =

function of state variables z; and k; :

rir =2 Yz — (L= 0)Y (ki — k)
= Plh; — (1= 0)he] AXy + VUi (A17)

where v =1 — (1 —6) < 1.

The unanticipated components of returns can be obtained as

T T T

Tepr —Bergy = maui
N N . N

Ty — BT = TaUpgn (A18)
K K . T T — T

i — By, = w(zt+1 - Et3t+1> = Yh,ut i1

At this point it is useful to describe the procedure developed to calculate the second moments of the state

vector and its linear functions.

Definition 1 The covariance between the two wvariables my = w, Xy and ny = w, Xy, both being some
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functions of the state vector X; can be obtained as
CV; (mt+17 nt+1) =A (7Tm7 7Tn) Xi

where vector A(mp,m,) collects together three sets of coefficients: A, ., A, ., Az, - coefficients corre-
sponding to the constant, linear and quadratic terms in the state vector X, respectively, and are functions of

Tm and T, and the parameters of variance-covariance matriz S(Xz).

A<7Tm77rn) = |: A?n,n A’}n,n Ar2n,n :|
A = (M @m,) Zo + (7, @77,) Ao + (75, @ 73,) Do + (5, @ 70,) o
A7171,n = (772 ® 7T,2n) A+ (7r,2L ® 7T71n) I+ (7‘(721 ® an) U,y
A2, = (mhem)Si+ (m,@ns) A+ (rp @7, ) Ta + (7 @ 72,) g

[ o wl w2, ] and [ 0wl 72 } are partitions of the vectors my,, and 7, each part corresponding to
a constant, linear or quadratic component of the state vector X;.

Proof can be found in appendiz B.

With this notation, the expressions for conditional variances and covariances can be easily obtained. For

instance, second moments of the returns are given by

A DX, AT, 70X, AR, )X,

a’

V(riaX:) = A, m5) Xe Al m3) Xe
= A (Ha, H:l) Xt

T T

!/ /
{ _ T T N _ N fa : : . Tt
where ry g = | r{, i, riy, | and Il = | 7} 7} m) | is a matrix of coefficients on the unantici

pated components of returns from (A18).

Definition 2 Product of the two linear functions of the state vector X; can itself be expressed as a linear
function of X :

T X X, = B (T, 7n) Xy

where vector B (T, T,) has analogous interpretation as in the previous definition.

Bty m) = | Bl Bhu B |
B?n,n = (71' @ )vec(I):vec(ﬂ'g*wfn)
B = (mom)+(m o)
By = (mherl)+(m o)+ (o)

Proof can be found in appendiz B.
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Summarize all portfolio shares in a vector

X =11,X:

3 0N
Rz e 0n

where II,, extracts the rows of II that correspond to portfolio shares in ay.
With the definitions in place, budget constraint can be rewritten as a linear function of state vector Xy

and a vector of innovations U1, the coefficients on which depend on matrices II, A, Qq, ;:
1
thXt + hwUt+1 = tht + 7T7~Xt + §L/ {B [B (Ha, H:x) 7./4 (Ha, H;)] Xt}/ L+ (HaXt)l (HaUt+1) (Alg)

Here II,, is a matrix of coefficients in vector «} to be determined and ¢ is a column vector of ones. Equating
the coefficients on the left- and right-hand sides of (A19) yields the first set of restrictions on the equilibrium
coefficient vectors in II and matrix A. Analogous set is obtained from the budget constraint for the foreign
country. The last term on the right-hand side of equation (A19) is the source of endogenous heteroskedasticity

in wealth dynamics.

A.3 Numerical procedure

Having derived all the building blocks we are now ready to describe the implementation of the numerical

procedure developed to find the optimal matrix II. Here is the policy iteration algorithm that we implement.

1. For the given set of parameter values we conjecture some initial values for policy matrix II") and the co-
efficient matrices {@él), @gl), @;1)} governing the state vector dynamics. We also need to choose start-
ing values for {2, €2} and arrange them into [X], (the rows of ¥). ¥ characterizes the heteroskedastic

nature of the variance-covariance matrix of the state vector. We start with a homoskedastic guess:

=0 = [ Ongen | i={GE},
S0 = [ 02 Oy | i={CVi),
Y = Onal,  i# {(Vi(2),CVi(2))

2. With these guesses we can construct a coefficient matrix A®) from (A13) and variance-covariance
matrix SU) from (A14).

3. Form the value function

J (H(1>) _F (H(l)A(l)Xt + VU, 1V X, AV X, + UtH,Xt)

4. For the given values of A and S find optimal II?) implied by solving J* (H(l)) = 0. Recall that F also

includes restrictions on variance-covariance matrix ¥ ([X], being its rows) that needs to be checked for

A10



consistency using the following set of definitions:

Eij (1><k)Xt = (CVt (hiXt+1,tht+1) Vi = ]., ey n V] = 1, N
A (hi, hj) Xe

Since its initial values are set arbitrary, the new values in IT will tend to be different from II(V). With
I3 we return to step 2 and recompute matrices A and S. Continue to iterate until the successive I1()

have converged, given some convergence criteria.

All



B Appendix: Proofs and detailed derivations

B.1 Result 1l

This subsection presents the proof of Proposition 1.

Proposition 1. Given the set of prices in the economies, optimal consumption rule of a household in

each country consists of consuming a constant fraction of wealth every period,

Cr - QYEY = i,
This proportionality depends on the subjective discount factor (3.
Proof: W The proof consists of verifying that the guess above solves the households’ problem given the

equilibrium relative price @”. Recall the portfolio Euler equation:
1= BB [Mya1 RY, ]

where M;, 1 is the marginal rate of substitution. From the household’s first-order conditions it can be shown

T N ~N
that Mt+1 = Cr +Q: Gy

TGO en which allows to rewrite equation above as
t+1 t+1-t4+1

1 :BEt|: 1 R ]

4
41
Cr +Qrcy Ol + QN ON,4

Now substitute the guess for the optimal consumption rule to obtain

1 T
. — B8R, |—_pRr
uWy PE: | uWip1 Hl]
1 1
— 0E RP
Wy PE uRY (We = CF + QY CY) t“]
1 r 1
- B |—
iz = _u(l—u)WJ

which implies ¢ = (1 — 3) thus confirming the guess that consumption constitutes a constant fraction of
wealth.ll

B.2 Result 2

In this subsection we provide detailed derivations of the result in (A12). We start with quadratic and cross-
product terms, Z; and approximate their laws of motion using Ito’s lemma. In continuous time, the discrete

process for x:11 in (A9) becomes

dzy = [Dg — Pray + PoFy] dt + QU(F,) "/ 2dW,
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Then by Ito’s Lemma:

dvec(zeal) = [(I® )+ (w2 ®I)] ([cpo — Bywy + Do) dt + Q(:%t)l/2th)
+1 :(I® U) (% ®1) + (% ®I)] d [z, z],
= [(I®x)+ (z: 1) ([@0 — By + o] dt + Q(i:t)l/Qth>
+1 :U (% ®I> + (% ®I>} vec {Q(F;)} dt
= (I ®z)+ (20 1)] ([cpo — Bywy + Doy dt + Q(:Et)l/Qth) + LDvec {Q(ir)} d(A20)
where

2 - [o(Zor)s (Ze)

!
U= YYE.en,
r S
9 [ o o ox
ox’ oxq Oxo Oxy, nxn

and E, ¢ is the elementary matrix which has a unity at the (r, s)th position and zero at all other elements.

Law of motion for the quadratic states in (A20) can be rewritten in discrete time as

i’t_t,_l = .ft + [(I X xt) + (J}t ® I)] [(b() — <I>1xt + (I>23~?t] + %]D)UBC (Q(ft))
+ [(I ® ZEt) =+ (I’t ® I)] €t+1
> IDS)+[(@o@I)+ (I @P)]z+ [I— (21 ®I) — (I R@Py) +1D%] & + &0

The last equality is obtained by using an expression for vec (2(Z;)) in (A11), where ¥y = vec(y) and X1 =
Q1 ® 4, and by combining together the corresponding coefficients on a constant, linear and second-order
terms. Note that Z,1; is also a function of cubic terms, which we assumed to be negligibly small, such that
Zyxy, =2 0. This assumption can be verified by further expanding the state vector to include the third-order
terms and comparing the dynamics of the model under the two sets of solutions. The two should yield very

similar results and thus we proceed with a more parsimonious state vector as shown below.

B.3 Result 3

In this subsection we derive the conditional mean and conditional variance-covariance matrix of the composite

error term in the state vector dynamics.
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/
Recall Uy | = [ 0 et Fo } . Then

E(Up1|Xe)) = 0
0 0 0
V(U1 Xy) = E(UiUlq|X) =S(X) =] 0 Q(X;) T(Xy)
0 T(Xo) W(Xy)

To evaluate the covariance matrix we apply the assumption vec(x;41%} ;) = 0 and define:

D(Xy) = By,
= Et$t+1fi+1 — Etl’t+1Etif¢+1
= BT — (Po+ (I — @1)ze + Poiy)
x (%zgmﬂ ) [(Bo @ ) + (T )] + 7 [T — (B ® 1)+ (I © ) + %Dzl}’)

I

—® (%zgm)’ + 2 [(Po@ 1)+ (TP +&; [ — (P10 1)+ (T @ P1)) + %}D}El]')
—(I — @)z (3ZD + 2} (R0 @ 1) + (I ® Do)]') — $P2: (D

1 1
= _5@0261@' — B2} [(Bo @ 1) + (I @ By)]" — 51— ®1)z, 5D

BT [T — (P21 @1) + (I @®1)) +3D%1] — (I — @)z, (0 @ 1) + (I ® Bg)] — 3Bo7, 20D

Hence

vee (T(X;)) = To+Tiay + Dady
Iy = —%(]D)Eo@)@o)vec(l)
1
L1 = —[(@@])+ (I3 P)]@ P+ 5 (DX ® (I - P1))
Dy = —[I-((@1®1)+I®®8))+3D1] @) — 3 (Do @ Ps)

(@) + (I ® P (I— o)
Note also from above that

LX) = —iDSg®)— [(Po® 1)+ (I ® Do) 2P} — Soxy(I — D1)

I— (1 @)+ T @®1))+ 3D%1] 30, — [(Ro @ 1) + (I @ Po)] mexy(I — 1) — 1 DXz, D)

[
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So

vec (I‘ (Xt)/) Ao+ Az + Aoy
Ay = —35(Po® Do) vec()
Ay —(Po®@[(Po®I) + (I ®Pg)])+ 3 ((I — 1) ® D)
Ay —(Po@[I—((P1®1)+ (I ® P1)) + 3D%1]) — 3 (P2 @ DXy)
—((I=21)®[(@o® )+ (I ®D0)])

Next, consider the variance of &;41

v (Xt) =

Hence

vec (U (Xy))
Uy
vy
U,

Etgt+1g;+1 == Etit+1j;+1 - Etft+1Et.’fg+1
By&1 &y, — (%]D)Eo +[(@o@I)+ (T ® Do)z + [I— (21 Q1)+ (I ®P1)) + 5D%4] i't)
X (%E{)ID)’ + 2, [(Po @)+ (I ®@P)] +Z, [I - (21 ®1)+ (I ® 1)) + %Dzl]’)
—1D%0 ($34D' + 2} (@0 © 1)+ (I ® Qo)) + & [ = (@18 D) + (I ® 1)) + D51 )
~[(@o® D) + (I ® 20)] 2 (3Z0D + 24 (20 © 1) + (1 © o))
—[I=((@101)+ (I ® 1))+ $D%] & 55,D
1
—Z]D)EOE{,]D)’ — 1IDS0z} [(Po @ I) + (I ® o)]' — 2 [(Po @ I) + (I ® ®o)] 2:5(D

—%H))Eo@; [I— (@1 01)+ @)+ 1D5] — (@ ® 1) + (I @ ®p)] x4} [(Bo @ 1) + (I @ Bp)]'

S I=(®1®@1)+ (I ®P1)) + D5 &350

= Uo+ Uiz + Usdy

- 73(]11)20(2)@20)’060(])

= 3 (208D + (1 ® @)] @ DEp) — 3 (DT ® (@0 © 1) + (I @ Bo)])
1

= S - (@@ +{T®21)+3D%] @D — 5 (DX @ [[ = (21@1) + (I ® ©1)) + 3D%4])

— (@ @)+ (I®@P)]@[(PoR 1)+ (I @ DPp)]

And the variance-covariance matrix of ¢;41 is known from before:

AUXy) = Eeppaer = Qo+ Qzai )
vee(QX0) = [ % 0 % | X =3x,

where Xg = vec(p) and X1 = O ® ;. Having determined Q(X;), ¥ (X;) and T (X;) we can construct the
aggregate variance-covariance matrix S(X3).
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B.4 Result 4

In this subsection we describe the construction of functions A and B, which were used to derive variances
and covariances of the functions of state vector X;. We also show how to simplify the products of the vectors

involving the state vector X;.

Let my = 7,, Xy and n; = 7, X; for two variables m; and n;.We want to find the conditional covariance
between the two:

0 0 0 or
(CVt(mt+1,nt+1) = |:7T9n ﬂ-'}n an 0 Q(Xt) F(Xt) 7'(',}1/
0 I'(Xy) U(Xy) w2

71.O/

= [0 LX)+ 7T () whT(X) +7Ru(X) | | 7Y

7r2/

= 1 QX)rY + w20 (Xy) 7Y + 7k T (X)) 72 + 72, 0(X)m?
= (m ®@mh,)vec(QXy)) + (7, @ 72, ) vee (T (X¢)")
+ (72 @ m),) vee (T (X)) + (72 @ 72, ) vee (¥ (Xy))
- (wi@wl )ZO+(7T ® 72 )A0+(7r ® Tk )F0+(7ri®7r%1)\110
+((mp @72 A+ (mp @my,) T+ (7 @ 7py) W) 2y
+ () @7h) Sy 4 (mh @ 2) Mg + (72 @y, ) To + (75 @ 72,) W) &

So, to summarize,

CVi (miy1,ne41) = A(mm, mn) Xt
Alrmma) = [ A, AL, A2, ]
Mo = (mh©7h) Do+ (7 ©72) Ao+ (12 ©78) To + (v @ 72,) g
Ay = (mem)M+ (rh @m,) T+ (72 @ 7)) Uy
A = (PO (o) A+ (1@ Th) o + (2 0 2) s

To obtain the products of vectors involving the state vector X; the following simplifications can be used:

T Xe X, = B(mm,mn) Xt
B (T, Tn) . Bl Bfnn}

B
B?n’n = (71' ® v

(™

(™

vec(I) = vec(m) x 70)
Brn =

m)
T, Qwl ) (71' ® w0 )
Bhn = m) +

T, ® 72 (7r ® 7l )+(7r$1®7r9n)
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Proof:

7TthX£7T,In

1

0 1 2
[ﬂ'm T wm] Ty
Ty

5 / /
[ 7r9n + 7r71nxt + 7r,2nxt ngact + W},lxt:vt ™

!
Ty

T2y

0

~7

Ty

0
0

07

17

3

2/
ﬂ—n

0
m

0/
n
1/
n
2/
n

™
i~
#]| =
™
121

0 1 2 =\ 0 0 ./ 1 AT 0 ~
(7Tm + 7T, T + met) T, + (Tmet + meta:t) T, + T, LT,

(71'% ® ﬂ?n) + (W% ® ﬂ}n) T + (71'% ® 7T$n) Ty + (W}L ® 7T?n) Tt

+ (77}1 ® 7T71n) Tt + (7r,2L ® ng) Ty

Al7



