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Abstract

In an influential contribution that predates the recent renewed interest in portfolio
choice models of international capital flows, Kraay and Ventura (2000) offer a
"new rule" for the current account that puts portfolio choice at the center of the
analysis. The new rule says that in response to a change in saving, the change in
the current account is equal to the change in saving times the ratio of net foreign
asset to wealth. We show that while the focus on portfolio choice is well placed, the
inferences in terms of the international allocation of savings are misleading. Using
a simple two-country general equilibrium model with portfolio choice, we show
that the "new rule" does not hold; most of an increase in a country’s saving will
be invested abroad. We also show that the empirical evidence presented in Kraay
and Ventura (2000) in favor of the "new rule" is consistent with an expression for
the current account that holds in the steady state of almost any model. The "new

rule" does not necessarily follow as an implication.
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1 Introduction

In an influential 2000 article in the Quarterly Journal of Economics, Aart Kraay
and Jaume Ventura developed the “new rule”for the current account, which states
that in response to a transitory income shock “the current account response equals
the saving generated by the shock times the country’s share of foreign assets in
total assets.” Their work is important as they both develop empirical evidence
in support of the new rule and a simple model focusing on portfolio choice that
can account for the new rule. In addition their work is several years ahead of the
recent renewed interest in portfolio choice models in open economy macro and in
analyzing international capital flows from a portfolio choice perspective.

In this paper we offer a different interpretation for the empirical findings in
Kraay and Ventura (2000, hereinafter KV), which is fundamentally different from
the “new rule”. We develop a two-country general equilibrium model encompassing
portfolio choice to both shed light on the empirical evidence in KV and to analyze
the impact on the current account of a rise in saving resulting from a temporary
income shock. We find that while the empirical evidence in KV is consistent with
the model, the new rule does not necessarily follow as an implication. Specifically,
the empirical evidence presented in KV is consistent with an expression for the
current account that holds exactly in the steady state of the model. In terms of
the short-run dynamics following an income shock however, the model implies that
the extra saving is mostly invested abroad, in sharp contrast to the prediction by
the new rule.

Before further developing these insights it is useful to first be more precise
about the empirical exercise in KV, as well as the follow-up paper Kraay and
Ventura (2003). In both papers they regress the current account on a term equal
to the share of net foreign assets in total wealth times saving. In a panel regression
they find that the regression coefficient is close to 1. They find that this result is
primarily due to the cross-section aspect of the data. In a cross-section regression
the coefficient is not only close to 1 but the empirical fit is also very accurate with
an R? of about 0.85. In contrast, the equation has very little explanatory power
based on the time series aspect of the data. When subtracting long-term-averages
from both sides of the regression for each country, they find an R? close to 0.02
and acknowledge that “the new rule explains essentially none of the year-to-year

within country differences in current accounts.”



KV interpret the cross-section regression evidence as being consistent with
the new rule. The logic is as follows. Assume that a change in saving does not
lead to a change in expected returns, implying that the portfolio allocation across
alternative assets is unchanged. The resulting capital outflow is then equal to the
change in saving times the share of net foreign assets in total wealth. KV develop
a model where a change in saving has little impact on portfolio shares, as long as
asset return risk is large and diminishing returns to capital are weak. In order to
explain that the new rule does not hold well in the short-run, Kraay and Ventura
(2003) introduce adjustment costs to investment, which implies that most of an
increase in saving is invested abroad in the short-run. Their model implies that in
the long-run, when adjustment costs no longer play a role, the new rule will hold
again. They argue that a model with adjustment costs can therefore account for
both the cross-section and time-series evidence.

Our interpretation of the evidence is different. First, we interpret the cross-
section evidence as reflecting a steady state phenomenon. In steady state the ratio
of a country’s net foreign asset position to its total wealth must be equal to its
equivalent in terms of financial flows, namely the ratio of the current account to
saving. It follows that the current account must be equal to saving times the
ratio of net foreign assets to wealth, a result that we formally develop. Second,
we show that the time-series evidence is a natural implication of our model even
in the absence of adjustment costs. Even in the context of a partial equilibrium
small open economy model along the line of KV, an increase in saving is entirely
invested abroad to a first-order, and one needs an unrealistic high degree of asset
return risk to get a result resembling the new rule. We then move to a two-country
general equilibrium setup, and find that the model is even further apart from the
new rule.

The importance of general equilibrium analysis in this context can be seen as
follows. The new rule holds if and only if a change in saving does not lead to a
change in the ratio of net foreign assets to total wealth. In general equilibrium it
is hard to see how that can be the case. Consider that there are two countries,
Home and Foreign, so that the net foreign asset position of Home and Foreign add
up to zero. It is then easy to see that when relative wealth of the two countries
changes due to an increase saving in Home, the ratio of net foreign assets to wealth
must change in at least one of the countries, and the new rule cannot hold for both

countries. Consider a temporary income shock that raises saving in Home but not



in Foreign and that the net foreign asset position in Home is positive. The new
rule implies that the current account rises in Home and does not change in Foreign,
a clear violation of the aggregate identity that the current accounts sum to zero.

Moreover, the ratio of net foreign assets to total wealth is not a portfolio share
once we think in general equilibrium terms. Again consider the example of two
countries and assume that they invest in each other’s equity markets. The Home
country does not decide how much the Foreign country wishes to invest in Home’s
stock market. That is a portfolio decision by the Foreign country. Now assume
that both countries hold their portfolio shares constant (fraction invested in both
equity markets). Then the ratio of the net foreign asset position to total wealth
for Home is equal to Home’s portfolio share invested abroad minus an interaction
term that is equal to Foreign’s portfolio share invested in Home times the ratio of
Foreign wealth relative to Home wealth. This example illustrates that even when
portfolio shares are held constant, the ratio of net foreign assets to wealth will
change with changes in relative wealth, which in turn is affected by saving.

The paper is organized as follows. Section 2 considers a partial equilibrium
small open economy model, allowing us to connect as closely as possible to a
similar framework used by KV to develop the theoretical underpinnings for the
new rule. The full general equilibrium analysis will be conducted in section 3.

Section 4 concludes.

2 A Small Open Economy Model

Consider a small open economy in which investors can buy claims on both domestic
capital and a foreign asset. For the purpose of this section it does not matter what
the foreign asset is (e.g. a stock or a bond). The setup is a partial equilibrium
model in that the large foreign country cannot buy claims on the small country’s
capital. While other details of the model differ somewhat from the model in KV,

the partial equilibrium small open economy setup is key to their analysis.

2.1 Production and Investment

There is one good that is produced in both countries. Production in the small

country uses a constant returns to scale technology combining labor and capital:

Y, = A K}YNY
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Y is output, A is an exogenous stochastic productivity term, K is the capital input
and N the labor input.

We assume that productivity follows a simple i.i.d. process:
At =1 + & (1)

where ¢; has a N(0,02) distribution. While one could easily allow for persistence
of productivity shocks, this obscures the analysis of the new rule. A persistent
positive technology shock raises investment independent of its effect on saving. The
new rule is instead about the impact of a change in saving on domestic investment
and therefore the current account. It is about the non-separability between saving
and investment decisions that results from portfolio choice. As we will discuss
later, a transitory positive technology shock will raise saving in the model. We
will then analyze the impact of this increase in saving on domestic investment.
Labor input is fixed and normalized to unity. The wage is equal to the marginal
product of labor:
W, = wAK} ™ (2)

The dynamics of the capital stock reflect investment and depreciation:
Kt-i—l — (1 — 5) Kt + It (3)

We assume that there are no adjustment costs associated with investment, so
that the consumption and capital good are the same and have a relative price of 1.
As explained in the introduction, Kraay and Ventura (2003) introduce adjustment
costs in order to explain why the new rule does not hold in the short-run as reflected
in time series data. In their model the new rule will hold in the long-run when
adjustment costs no longer play a role. They therefore interpret the cross-section
regression results as the new rule holding in the long run. We will cast doubt on
this interpretation as we will show that the new rule does not hold in the short

run even without adjustment costs.

2.2 Two Assets

In the absence of adjustment costs the gross return on domestic capital is

Ripr=1=0+4 (1 —w)Au K4 (4)



The last term on the right hand side is the marginal product of capital. From a
national accounting point of view this is the income part of the return (the divi-
dend). In addition to investment in domestic capital with return (4), investors can
also buy a claim on foreign capital with an exogenous return of R; ;. Analogous

to the claims on the small country’s capital, we have
Rt+1:1—5+D; (5)

where Dy if the dividend on foreign capital. From the point of view of the small
country D; is exogenous. We assumed that D} is equal to a constant D* plus a
dividend innovation €, ; that has a N(0,03) distribution.’

Investment in the foreign asset does entail a cost. Specifically, when investors in
the small country invest abroad they receive the foreign return times 1 — 7, where
7 is a second-order constant (proportional to the variance of model innovations).
7 is an iceberg cost that captures the hurdles of investing outside the domestic
country. It does not generate a loss in resources as it is a fee paid to a broker. As
a technicality, brokers are assumed to simply consume these fees right away. The
cost 7 can generate portfolio home bias as seen in the data. With substantial port-
folio home bias the new rule implies that an increase in saving is mostly invested
domestically and therefore generates relatively small capital outflows.

The portfolio return from ¢ to ¢ + 1 of small country investors is
Riy =zl + (1 - 2)(1 = 1) Ry, (6)

where z; is the fraction of wealth invested in domestic capital.

2.3 Consumption and Portfolio Choice

We adopt a simple OLG structure to ensure that there is a well-defined steady
state wealth distribution. Agents live two periods. They earn the wage W, in (2)
when young. They consume in both periods, with the consumption in the second

period financed by the return on the portfolio. A young agent at time ¢t maximizes:

(Co,t+1)1_7
L—v

(Cyﬂt)l_7

+ BE,
I—7

!One could assume that the expectation of D} is time-varying, being a function of a time-

varying state space. This complication does not change the results that follow.



subject to:
Co,t+1 = (Wt - Cy,t)RfH (7)

and the portfolio return (6).

The first order conditions with respect to C,; and z; are:

(Oy,t)_AY = PE; (Oo,tJrl)_7 Rf+1 (8)
L (Rfﬂ)_v (Rtﬂ —(1- T)R:H) =0 9)

The Euler equation (9) is a standard arbitrage condition for portfolio choice, which
says that the expected product of the asset pricing kernel and asset return is the
same across all assets.

As the small country investors are the only ones who can purchase claims on
domestic capital, the small country asset market clearing condition is

Kt+1 = (Wt — Cy,t)zt (10)

2.4 Savings and the current account

Aggregate saving in the small economy is the sum of saving by young and old
agents. The saving of the former is simply the difference between their wage income
and their consumption. The income of old agents is the dividend component of
the return on their portfolio, while their consumption reflects the overall return,

including the sale of the depreciated capital. Aggregate saving is then:
Sy =W, — Cy,t - (1 - 5) (Wt—l - Cy,t—l)

The current account is saving net of investment: C'A; = S; — I;.
Turning to the stocks of financial assets, the overall wealth is simply the saving
of young agents, as old agents have exited asset markets. The net foreign asset

position is a share 1 — z; of wealth.

2.5 Solution Method

The solution of the simple small open economy model is not affected by the tech-
nical difficulties that emerge in general equilibrium models of portfolio choice. In

these models the standard first and second-order solution methods need to be



adjusted because portfolio choice is not well-defined in a deterministic environ-
ment. This issue only emerges in a setup with heterogeneous investors, such as
the one described in the next section where domestic and foreign investors choose
different portfolios, with a portfolio home bias. Solving such a general equilibrium
model with portfolio choice and heterogeneous agents requires an extension of stan-
dard first and second-order solution methods recently developed by Devereux and
Sutherland (2006) and Tille and van Wincoop (2007).

In the partial equilibrium model described here all agents in the small coun-
try choose the same portfolio allocation. We can then use the standard solution
method. When all agents choose the same portfolio, steady state portfolio shares
are simply determined by steady state asset supplies. In our model the portfolio
share z follows directly from (10) as the ratio between the capital stock K; and
wealth W, — C ;.

The key insights can be obtained from a simple first-order solution of the model.
It will turn out to be useful though, in particular in comparison to KV, to obtain
further precision by also computing the second and third-order solutions of the
model. The order of variables is defined as follows. The zero-order component
is the level of a variable when standard deviations approach zero (deterministic
steady state). The first-order component is proportional to standard deviations
of model innovations or innovations themselves. The second-order component is
proportional to the variance of model innovations (or the product of model inno-
vations), and so on. We can always write a variable as the sum of its components
of various orders, which we will write as x; = 2(0) + z4(1) + 2(2) + ... for any

variable z.

2.6 Impact of a Temporary Income Shock

The first-order solution of the model follows directly from linearization around the
zero-order component (deterministic steady state) of all variables. We focus on
the main results, with a detailed solution presented in Appendix A.

The first-order component of savings is:
St(l) = (1 — E)(Eft — (]_ — 5)515—1) (11)

where ¢ = C,(0)/W(0). A positive income shock at time ¢ raises saving as some

of the resulting increase in labor income is saved for consumption when old. Also



notice that in this model a positive income shock during the previous period lowers
saving as the old are consuming the principal value of their increased wealth from
the previous period. From now on we will simply set ¢, ; = 0 as we will focus on
the impact of a temporary increase in income during the current period that raises
current saving.

The impact on the current account can be derived from the Euler equation (9)
for portfolio choice together with the definition of the domestic return R;;; in (4).

The first-order component of the Euler equation gives
EiRi4 (1) = By (1) =0 (12)

The first equality in (12) shows that to the first-order the expected return is the
same for domestic capital as for the foreign asset, as optimal portfolio shares would
otherwise be infinite. The second equality in (12) follows from our assumption
that the return on the foreign asset is i.i.d., so that it’s predictable component is
fully captured by the zero-order term. (4) then implies that to a first-order the
domestic capital stock and investment are not affected by the temporary income
shock: Ki;.1(1) = I;(1) = 0. Intuitively, the exogenous return on the foreign asset
ties down the expected return on domestic capital to a first order, which in turn
ties down the capital stock to the first-order. The first-order component of the
current account then immediately follows as C'A;(1) = S;(1) — 1;(1) = S;(1). The
increase in saving is therefore entirely invested abroad and the new rule clearly
does not hold.

It is useful to compare this result to that of the small open economy model
in KV. While their model is a bit different, with a continuous time setup where
agents solve an infinite horizon consumption and portfolio decision problem, the
essence of a partial equilibrium small open economy model is the same. Agents
can invest in domestic capital, a risk-free foreign asset and a risky foreign asset
(called foreign capital). They consider the impact of a temporary income shock
that raises wealth and saving. Their key equation (7) describes the impact of the
shock on investment. In their own notation, the change in investment is equal to
the change in saving times

1-n*o> &k
(1 —=n?)o? — g—;;aa
Here k is the capital stock, a is wealth, 7 is the net return on domestic capital

(13)

(corresponding to R;,1 — 1 in our notation), 7 is the correlation between the return
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on domestic capital and foreign capital, and o2 is the standard deviation of the
return on domestic capital.

In terms of order notation (13) shows that the change in investment in response
to the shock is of order 3 and higher. Specifically, the change in saving is of order
one and higher. Thee share (13) is of order two and higher. The reason is that
the denominator it is dominated by Om/0k which has a well-defined zero-order
component, both in KV and in our own model.? The change in investment is then
third-order as it is the product of a first-order and a second-order term. The result
in KV is therefore consistent with our finding that to the first-order investment
does not change and the entire increase in saving is invested abroad.

How then is it possible that KV conclude that their model can account for the
new rule? This can be seen by making asset return risk very high. Consider letting
o? approach infinity in (13). Then this expression converges to k/a. The increase
in investment is then equal to the increase in saving times the fraction of wealth
invested at home. This implies that the current account is equal to the change in
saving times the fraction of wealth invested abroad, which is the new rule.

The question is then whether it is meaningful to let & become very large. The
impact of the shock on investment is of third and higher-order, which is generally
very small. In order to check exactly how small is small, it is useful to quantify
the expression in (13). For illustrative purposes we will assume that the capital
to wealth ratio, k/a, is 1, so that the new rule implies that all of the increase
in saving is invested at home. KV allow the return on domestic capital to be a
general function of the capital stock. If we adopt the specific expression (4) for
the return in domestic capital in our own model, which follows from a standard
Cobb-Douglass production function, it follows that (Om/0k)a is equal to —w(m+9).

We use equity returns to calibrate the model. Note that if anything this will
overstate the magnitude of third and higher-order components since equity claims
are residual claims whose return volatility is considerably higher than total claims
on a country’s capital stock. Jorion and Goetzmann (1999) report moments based
on stock return data for 39 countries from 1921 to 1999. Focusing on the 13
countries for which continuous data are available starting in the 1920s,® we set 7

equal to the average real annual return of 0.033. We set o equal to the average

2Specifically, the zero-order component in our model is —w(1 — w)K (0)~«~1.
3The countries are the United States, Canada, Austria, Belgium, Denmark, France, Italy,

Netherlands, Norway, Spain, Sweden, Switzerland and United Kingdom.



standard deviation of 0.174. It can be shown that (1 — n?)o? is equal to o* minus
the variance of the world return. The standard deviation of the global return
reported by Jorion and Goetzmann (1999) is 0.121. Finally, we set the annual
depreciation rate d equal to 0.1, which is a standard assumption in calibrations,
and the labor share w equal to 0.7.

These parameters imply that the coefficient in (13) is equal to 0.14. This
implies that 86% of the increase in saving is invested abroad and 14% at home, a
sharp contrast to the new rule, which says that 100% is invested at home. In this
case the 0.14 number is a second-order term that multiplies the increase in saving.
This number is only as large as it is because of the very large stock return risk,
with an average standard deviation of 0.174. As pointed out above, it would be
even smaller if we had used a measure of the overall return on domestic capital,
which would have much lower risk.

The fact that the impact of a change in saving on domestic investment is
third-order in KV is also consistent with the model in this paper. In the Tech-
nical Appendix that is available on request we also solve the second and third-
order components of model variables, from respectively the second and third-order
components of model equations. Consistent with KV, the first and second-order
components of investment are zero, but its third-order component is positive.

Leaving the algebraic details to the Technical Appendix, it is useful to explain
why there is a third-order increase in investment. We have already seen that to
the first-order all of the increase in saving is invested abroad. This leads to a first-
order drop in the fraction z; invested at home. This is immediately evident from
(10) as the domestic capital stock does not change to the first-order but there is a
first-order increase in wealth. This reflects the supply side of domestic capital. The
demand side can be obtained from the portfolio Euler equation (9). A third-order
expansion of this equation shows that the first-order component of the optimal
portfolio share invested at home depends on the third-order component of the
expected excess return, divided by the variance of the excess return. Therefore a
relatively small drop in the third-order component of the excess return on domestic
capital will generate a first-order drop in the portfolio share invested at home. This
is needed to equate demand and supply of home capital. A third-order drop in the
expected excess return on domestic capital is achieved by a third-order rise in the
capital stock and therefore investment. This explains why the rise in investment

is third-order and therefore small.
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2.7 Two-Way Asset Trade

An odd feature of the model considered so far is the asymmetric structure of asset
markets, as only agents of the small country can invest abroad. An alternative
setup considers that the world is divided up into many small countries and all
agents can invest abroad. It follows that from the perspective of each of the
countries the rest of the world is also investing in their domestic capital. In the
next section we study a two-country general equilibrium model where investors
from both countries can buy claims on each other’s capital. The relative size of
the countries will be a free parameter. But even in the context of the small open
economy setup developed so far we can introduce this key general equilibrium
feature by allowing the large country to buy claims on the small country’s capital.

If we let m;, 1 be the asset pricing kernel of the large country and we assume the
same cost 7 of investing abroad by the large country, the portfolio Euler equation

for the large country is
Etth(I — T)RtJrl = EtmtJrlR:H (14)

Since the stochastic processes of m;y; and Rj ; are exogenously given from the
perspective of the small open economy, it follows that a shock in the small country
cannot affect Eymy. 1 Ry 1. This implies that the capital stock K;,; cannot change
and therefore investment /; will not change. Otherwise the stochastic process of
the return R;,; would change and so will Eym; 1 R;1. Note that investment will
not change to any order, not even third or higher order. The infinite relative size
of the large country completely ties down the expected return in the small country.

In this case the entire increase in saving in the small country will be invested
abroad. This is now the case to any order of approximation. Introducing this key
general equilibrium feature clearly breaks down the new rule further. It now does
not even matter how large the standard deviation is of the return on the assets.
Note that the small country investors will not change their portfolio allocation in
response to the shock. Even with a constant portfolio share of the small country,
the ratio of net foreign assets to GDP will still change in the small country. It will
increase as the entire increase in saving is invested abroad.

In the partial equilibrium model above where foreign investors cannot invest
in the small country, as well as in KV, the ratio of net foreign assets to GDP is

a portfolio share from the perspective of the small country. But this is no longer
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the case in the present general equilibrium setting as the net foreign asset position
of the small country is also affected by claims of the large country on the small
country. In this example the capital outflow from the small country is equal to
the increase in saving times the steady state fraction invested abroad, so it’s first-
order component is (1 — 2(0))S;(1). But since there is no change in investment,
we already know that the first-order component of net capital outflows is S;(1).
Therefore the first-order component of capital inflows must be equal to —z(0)S;(1).
In other words, capital inflows will go down. As long as the return on domestic
capital does not change, foreign investors are indifferent between the domestic and
foreign asset. In this case they reduce their claims on the small country’s capital
so that overall demand for domestic capital remains unchanged. This is consistent
with no change in the capital stock of the small country and therefore no change

in the stochastic process for R;y;.

3 Two-Country General Equilibrium Model

The analysis in the last subsection already foreshadows the full general equilibrium
analysis that will be conducted in this section. The model in this section extends
the two-country partial equilibrium model of the previous section in several direc-
tions. First, as in the last subsection, agents from both countries can buy claims
on the capital of the other country. Second, the relative size of the two countries
is a free parameter. Third, we allow for an exogenous positive growth rate of the
population in both countries in order to allow steady state saving rates to be non-
zero. Finally, we allow for different time-discount rates across countries. This will
lead to different steady state saving rates across the two countries and a non-zero

steady state net foreign asset position relative to GDP.

3.1 Production and Investment

The two countries produce the same good. We call the countries Home and Foreign,
denoted with superscripts H and F'. The production function in country i (= H, F)
is

Y= ARG (D)
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We assume that

N =n(1+g) (15)
N =(@1-n)1+g) (16)

The relative size of the two countries is measured by the relative population size.
A fraction n of the world population lives in the Home country and a fraction 1 —n
in the Foreign country. The population in both countries grows at the constant
rate g. We will use lower case letters to denote the ratio of a variable relative to
the young population in the country. For example, k! = K}/N}.

Productivity in both countries follows a simple i.i.d. process
Al=1+¢ (17)

where ¢! has a N(0,02) distribution. Without loss of generality we assume that
productivity shocks are uncorrelated across the two countries. Wages are equal to

the marginal product of labor:
Wi = wAj (k)" (18)
The dynamics of the capital stock reflects investment and depreciation:

Kiyy = (1=0) K +1;

3.2 Two Assets

Countries trade claims on each other’s capital. The gross return on country i
capital is

1 =1=0+ (1 —w)Ay, (Fy) (19)
When investing abroad each country receives the gross return times 1 — 7, where 7
is again a second-order constant iceberg cost that captures the hurdles of investing
abroad. Country 7 invests a fraction z{ in Home capital. The portfolio returns

from t to t + 1 of investors from both countries are then

Rt+1 = % Rt—',—l +(1— ZtH)< )Rt—i-l (20)
Rf:i-l = F( )RtJrl + (1 -z )Rfﬂ (21)
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3.3 Consumption and Portfolio Choice

We adopt the same OLG structure as in the small open economy model, allowing
for different time-discount rates in the two countries. A young agent in country 17

at time ¢ maximizes:

i \1=7 i 1=y
()", i (o)
1—7 1—7
subject to:
C(Z),tﬂ = (th - C;,t)Rfil (22)

and the portfolio return (20) or (21).

The first order conditions with respect to C} , and z{ are:

(Cyo) =B'E(Copr) " RY, i=HF (23)
-

B (RE) (R — (A =m)REL) =0 (24)
-

B (RES) (= 7RI, = RE,) =0 (25)

The asset market clearing conditions are

Kt{{H = (WtH - Cﬁ)Nf{Zﬁ + (WtF - C'?ft)Nthf (26)
Ky =W =GN (1 =21+ (W = C NS (1=2)  (27)

The budget constraints together with asset market clearing conditions imply that

the world goods market equilibrium condition is satisfied as well.

3.4 Solution Method

As indicated in section 2, the solution method for a general equilibrium portfolio
choice model is somewhat different than the standard first and higher order so-
lution method. The standard solution method solves the zero-order component
of all variables (deterministic steady state) from the zero-order component of all
equations, and the same for first, second and higher orders. This does not work
in general equilibrium models with portfolio choice. For example, the determin-
istic steady state of the model ties down average portfolio shares, as they must
equate steady state relative asset supplies, but not the difference across countries

in portfolio shares.
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Even the zero-order component of the difference across countries in portfolio
shares depends on second moments, such as variances and covariances involving
asset returns. For example, it is well known that in a two-country, two-asset port-
folio choice problem the optimal portfolio share depends on a covariance between
the excess return and the real exchange rate, divided by the variance of the excess
return. The ratio of these two second moments is of order zero. One can only
get at these second moments from a second-order expansion of the portfolio Euler
equations. That is why the zero-order component of portfolio allocation can only
be computed by using the second-order component of portfolio Euler equations.

Similarly, the first-order component of portfolio shares depend on the third-
order component of portfolio Euler equations. Intuitively, in the example above
the optimal portfolio depends on a covariance divided by a variance, cov,/var;.
Then first-order changes in portfolio shares depend on changes in these second
moments. When the covariance is time varying, the portfolio will depend on the
change in cov, divided by var;. As discussed in Tille and van Wincoop (2007),
changes in second moments are of third and higher order. One can only get at
them by using a third-order approximation of portfolio Euler equations.*

We will adopt here the solution method developed by Devereux and Sutherland
(2006) and Tille and van Wincoop (2007). The method distinguishes between the
difference across countries in portfolio shares and all “other variables”. Similarly,
it distinguishes between the difference across countries in portfolio Euler equations
and all “other equations”. The solution involves two steps. The first step solves the
zero-order component of the difference across countries in portfolio shares jointly
with the first-order component of all other variables. This uses the second-order
component of difference across countries in portfolio Euler equations together with
the first-order component of all other equations.

The solution involves a fixed point problem, which is seen as follows. One can
solve the first-order component of all “other variables” from the first-order com-
ponent of all “other equations” by using the standard first-order solution method.

However, the solution will be conditional on the zero-order component of the dif-

4In a two-asset setup optimal portfolio shares also depend on the expected excess return
divided by the variance of the excess return. Therefore a third-order change in the expected
excess return leads to a first-order change in portfolio shares. This again illustrates that one
needs to use the third-order component of portfolio Euler equations in order to compute the

first-order component of portfolio allocation.
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ference across countries in portfolio shares. For example, if there is portfolio home
bias, then a relatively high return on the Home assets leads to an increase in wealth
in the Home country relative to the Foreign country, which affects (to the first-
order) relative consumption and other variables. At the same time, the zero-order
component of the difference across countries in portfolio shares depends on second
moments, which in turn depend on the first-order solution of the model (e.g. they
depend on the first-order response of asset returns to shocks in the model).

To summarize, the zero-order component of the difference across countries in
portfolio shares depends on the first-order solution for the “other variables”, which
in turn depends on the zero-order component of the difference across countries in
portfolio shares. This leads to a fixed point problem for the latter. The next step of
the solution method proceeds along similar lines, but one order higher. It involves a
fixed point problem for the first-order component of the difference across countries
in portfolio shares. A nice contribution of Devereux and Sutherland (2006) is to
show that these fixed point problems have a simple analytical solution in a broad
class of models. The implication is that even large scale general equilibrium models
with portfolio choice can be solved very easily using standard first and second-order
solution methods, combined with the analytical solution of the fixed point problem
for the difference across countries in portfolio shares.

Both steps of the solution method are needed to solve the first-order component
of gross capital flows. The solution is described in a Technical Appendix available
on request. The first step of the solution method is outlined in Appendix B, and
is sufficient to solve for net capital flows. Intuitively, one of the “other variables”
is the average portfolio share, whose first-order component is solved from the first
step described above. It is the average portfolio share that drives net capital flows.
Whether Home investors shift their portfolio towards Foreign assets or Foreign
investors do so, either way there will be a net portfolio shift towards Foreign assets
that leads to net capital outflows from the perspective of the Home country. It will
nonetheless be of interest to go through the second step of the solution method as
well as it tells us how the change in the current account breaks down into changes
in capital inflows and outflows. It also tells us whether and how a change in saving
leads to changes in portfolio shares.

Our assumptions of an overlapping generation setup, a unique good, and i.i.d.
investment returns further simplifies the solution. While the zero-order component

of the difference across countries in portfolio shares affects the first-order solution
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of relative consumption across the two countries, it does not affect the first-order
solution of asset returns. Moreover, since there is only one good in the model, it
does not affect the real exchange rate and therefore a hedge against real exchange
rate fluctuations in optimal portfolio shares. While this is not a general result, in
this particular model the second moments that affect the zero-order component
of the difference across countries in portfolio shares will therefore not be affected
by the zero-order component of the difference in portfolio shares itself. The zero-
order component of the difference across countries in portfolio shares can be solved
completely from the second-order component of the difference across countries in
portfolio Euler equations.

In addition, it turns out that this zero-order component of the difference in
portfolio shares plays no role in the impact of a change in saving on the current
account. When there is portfolio home bias, the income of the old generation in
the Home country rises relative to that in the Foreign country when a shock raises
the relative return on Home assets. But since the old generation consumes all their

income, this has no effect on saving or the current account.

3.5 Steady State Analysis

We assume without loss of generality that 87 > 8%, so that the Home country is
relatively patient (gives more weight to future consumption). Appendix B shows

that the steady state level of consumption by young agents in country 7 is

W (0)R(0)

O = By + RO

(28)

where W (0) and R(0) are the zero-order components of wages and asset returns,
which are the same for both countries. The patient Home country is clearly char-
acterized by lower consumption by the young generation, which translates into
higher aggregate savings. Appendix B shows that the zero-order component of

national savings, scaled by the young population, is:

_g+(5

= Lo W(0) - Gj(0) (29)

Y

s'(0)

The steady state level of investment (relative to the labor force) is the same in
both countries. The portfolio Euler equations imply that the zero-order component

of asset returns must be the same for both countries. From the definition of
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asset returns in (19) it then follows that the steady state capital-labor ratios are
the same. The steady state ratio of investment to labor is (g + 0)k(0), which
is therefore also the same across countries. Since the current account is saving
minus investment, the analysis so far implies that the Home country will have a
steady state current account surplus and the Foreign country a steady state current
account deficit. Appendix B shows that the steady state ratio of the Home country

current account relative to the labor force is

_g+5
1+4+g

(1—mn) (CF(0)—Cl(0)) = ca® (0) (30)

ca™(0) -

The steady state current account surplus in the Home country also leads to a

positive steady state ratio of the net foreign asset position relative to labor supply:
1—

nfa”(0) = (1 —n) (CF(0) — C7(0)) = — 7lnnfaFHD (31)

Define 2%(0) as the steady state ratio of net foreign assets to wealth. Steady
state wealth per unit of labor is W(0) — C%(0). It is then easily seen from the
expressions above that

ca’(0) = 2°(0)s*(0) (32)
Multiplying both sides by (N/Y)?(0), this can also be expressed as

(CA/Y)'(0) = 2°(0)(S/Y)'(0) (33)

In their cross-sectional empirical work KV regress (CA/Y ) on x' times (S/Y)?,
with all variables averaged over 23 years for 13 OECD countries. They find a
coefficient close to one and an excellent fit with an R? of 0.68. Kraay and Ventura
(2003) use an even longer sample of 32 years for 21 OECD countries and obtain
an R? of 0.85. By averaging over such a long span of data, the results should
be reasonably close to the steady state. These results are not surprising as our
analysis above shows that the relationship holds exactly in steady state.

This result is much more general than the specifics of our model. Another way
to see why (33) holds in steady state is to consider any set of economies that grow

at a constant steady state rate g. Therefore

d(Wealth) d(NFA)

Wealth 7 7 "Nra Y (34)
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where Wealth is national wealth. Using that d(Wealth) = S is national saving
and d(NFA) = CA, it follows that

NFA

CA= Wealths -

xS (35)

This simply holds as a matter of identity. One only needs non-zero growth, so that
savings and the current account are non-zero. In addition there must obviously
be a source of asymmetry across countries that leads to cross-sectional variation
in steady state saving rates and current accounts, which we model by allowing the
time discount rates to be different across countries.

KV interpret a unitary coefficient of a regression of C A’ on z°S® as consistent
with the new rule, an interpretation that is fundamentally different from ours. The
logic behind their interpretation is as follows. From the definition of x it follows
that NFA = x « Wealth. Therefore

CA=d(NFA)=xxdWealth) + Wealth x d(x) = x * S + Wealth = d(z) (36)

The new rule is defined in the context of the current account response to a tempo-
rary income shock: “the current account response is equal to the saving generated
by the shock multiplied by the country’s share of foreign assets in total assets”.
This last ratio is what we called net foreign assets relative to wealth, which is z.
KV go on to argue that the new rule holds when a change in saving does not lead
to a change in z. It is indeed immediate from (36) that when changes in z are
orthogonal to saving, a regression of the current account on x % S should have a
coefficient of 1.

We fully agree with this reasoning. However, the empirical evidence in favor of
the new rule in KV relates to a cross-section regression. If we run a cross-section
regression of (C'A/Y)" on the product of x' times (S/Y)" we are comparing the
level of saving rates and current accounts across different countries. The new rule
is instead about the dynamic response of the current account to a change in saving.

To clarify matters further, consider that a country experiences a shock that
permanently raises its saving rate. In our model this is simply done by lowering
the time discount rate. It takes two periods in the model to reach a new steady
state. In the process x will change (it will rise), as can be checked from the
equations above. Therefore the new rule does not hold during the adjustment

phase. But once we reach a new steady state, x will no longer change. We then
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have d(z) = 0 and it follows from (36) that once again CA = xS. A cross-
section regression reflects to a large extent the steady state, after the adjustment
to shocks has already taken place. This is especially the case when taking averages
over several decades as KV and Kraay and Ventura (2003) do.

In our view therefore the cross-section evidence reported in these papers is re-
flective of the steady state rather than the dynamic new rule. To further strengthen
this position we now turn to an analysis of the current account response to a rise
in saving resulting from a temporary income shock. The analysis confirms that
the new rule is at odds with the model, as was the case for the partial equilibrium

model discussed in section 2.

3.6 Impact of a Temporary Income Shock

To be written

4 Conclusion

To be written

Appendix

A Solution Small Country Model

In this Appendix we first describe the steady state solution (zero-order components
of variables) and then use linear expansions of all equations around the zero-order

components of variables to compute the first-order solution.
Zero-order component of variables

The model is driven by nine relations. The exogenous processes are domestic
productivity (1) and the return on the foreign asset (5). These are completed by
the wage (2), the dynamics of domestic capital (3), the return on domestic capital
(4), the portfolio return (6), the Euler equation for consumption (8), the optimal

portfolio condition (9) and the asset market clearing condition (10).
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The zero-order solution is computed by letting the standard deviation of shocks
approach zero. (1) implies that A (0) = 1. From (9) and (6)

R()=R*(0)=1—6+ D"

The level of domestic capital then follows from (4), the investment from (3), and

the wage from (2):

LR o R oy

(8) gives the consumption of young agents, and the portfolio share is obtained from
(10):

w 1 —w e
o0 = —— [ }
! 1+87[1—6+D7+ LD

l—-w 1 1487 [1-6+D" 7

w D gi—§4 D

A useful measure is the ratio between the zero-order component of young con-
sumption and the zero-order component of the wage:
C, (0) 1

c= =

W) 145 1-6+D]

Finally, the zero-order component of the budget constraint (7) gives
Co(0) = (1 =) R(O)W (0)

In terms of international asset stocks and flows, the net foreign asset position,

which is equal to a share 1 — z (0) of wealth, is:
NFA(0)=W(0)—-C,(0)— K (0)
Turning to flows, aggregate savings and the current account are given by:

S(0) = (W (0) - C,y(0))
CA(0) = W (0) -Gy (0) = K(0)] =[1-=2(0)]5(0)
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The current account is then equal to savings, times the share of foreign assets in
total wealth.

First-Order Solution

We now take first-order Taylor expansions of the nine equations of the model
around the zero-order allocation. The domestic productivity (1) and the return on

the foreign asset (5) only have first order components:
A(l) =& Ry, (1) = EtD-i-l

The first-order component of the equations (5), (9) and (6) immediately imply
that the expected first-order component of the return on the domestic and foreign

capital, as well as on the portfolio, are zero:
B (1) = E R, (1) = ER;, (1) = 0
Taking an expectation of the first-order component of (4) we have
ERi1(1) = —w(l = w)K(0)™ ' Kipa(1)

Since EyRyy1(1) = 0, it follows that K;y4(1) = 0.
As the domestic capital stock never changes, the realized wage is obtained from
(2):
Wi (1)
W (0)

Taking the expectation of the first-order component of the budget constraint (7),

:8t

we have

EiCopr1 = (Wi(1) — (1)) R(0) (37)
The first-order component of the consumption Euler equation (8) is

Coel) . CounsD) | RE(1)

o0 GO T TRO)
Using (37) and E;Ry (1) = 0, we can write this as

Cyu(1) = eWi(1) = &V (0)e, (38)

Finally, the first-order component of the asset market clearing condition (10)
gives
2 (1) = —2(0)g;

22



This again uses that K;.1(1) = 0.
We can now also compute the first-order component of national saving. Saving
is equal to income minus consumption. Aggregate consumption at time ¢ in the

small country is
CH+ (Wisy — Cyy) RPT + 7Ry (Wisy — Cyymr) (1 — 2-1)

The three components are consumption by the young, the old and the brokers that
immediately consume the revenues from the fee 7 on foreign returns. Aggregate

income is
Wi+ (Wi — Cyumr) (zica(Re — 14 6) + (1 — z1) (R — 14 6))
Therefore national saving is
Sp=Wy=Cyy) — (1= 0) (W1 — Cyia) (39)
The first-order component is

Si(1) = (1 —e)W(0)(er — (1 — d)er—1) (40)

B Solution General Equilibrium Model

Zero-order component of variables

The zero-order components of all equations other than the difference across
countries in portfolio Euler equations gives is the zero-order component of all
variables other than the zero-order component of the difference across countries
in portfolio shares. Variables that grow at rate g will be divided by the country’s
labor supply.

From (17) we have A(0) =1 for ¢ = H, F'. From the portfolio Euler equations
we have

RY(0) = R¥(0) = R(0)

It then follows from (19) and (18) that



From the capital accumulation equations (3.1) it follows that
i"(0) =" (0) = (g + 8)k(0)
From (22) and (24) we have

Ci(0) = (W(0) — Ci(0))R(0)
Ci(0) = CL(0)(B) /7 R(0)/

Y

It follows that
W (0)R(0)

O = Ry RO

The sum of the asset market clearing conditions (26)-(27) gives

¢ (0)W(0)

(1+9)k(0) = n(W(0) — C,/(0)) + (1 — n)(W(0) — C,/(0)) (41)

Substituting the expressions for W(0), CJ'(0) and C}(0) above then yields an
implicit solution for £(0). Finally, from the Home asset market clearing condition
(26) we have

1—n

(1+9)k(0) = (W(0) — C*(0))2"(0) + (W(0) — C*(0))="(0)

(42)

n

This gives a solution for a weighted average of portfolio shares.

This is the zero-order solution of the model. We can now also compute the
implied zero-order components of saving and the current account. Saving is equal
to income minus consumption. Aggregate consumption at time ¢ in the Home

country is
H
Nfcﬁs + (thi - Oﬁ—1>N£1R§) + TRf(WtIil - Oﬁtq)Nﬁl(l - Zthil)

The three components are consumption by the young, the old and the brokers that
immediately consume the revenues from the fee 7 on foreign returns. Aggregate

income is
WtHNtH + (Wtfil - Cgﬁf—l)‘]\ft[il (Ztlil(Rt —1+46)+(1~- 251)(]%{ -1+ 5))
Therefore national saving, which is income minus consumption, is

Sfl = NtH(WtH - CyHt) - Ntlzl(1 - 5)(W£1 - C;{,tfl) (43)
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Dividing by N and taking the zero-order component, we have

10 = S 0) - €1 (0)
Since the current account is saving minus investment, the previous results imply
cal’(0) = 92(W/(0) = €J1(0) = (9 + KO (14)
Substituting (41), this becomes
ca(0) = %(1 ) (CF(0) - C(0)) (45)

Finally we compute the steady state net foreign asset position of the Home

country. We have
NFAtH = (WtH - Cft)NtH(l - 2{1) - (WtF - O;it)Nfo (46)

Dividing by NZ and taking the zero-order component, we have

nfa™(0) = (W(0) — C;(0))(1 — 2(0)) — (W(0) — C; (0))="(0) 1 — 5
Substituting (42), this becomes
nfa(0) = (W(0) — C;(0)) — (1 + g)k(0) (48)
which together with (41) becomes
nfa™(0) = (1 —mn) (CJ(0) - CJ(0)) (49)

Total wealth per unit of the labor force is W (0) — CJ7(0), so that the ratio of net

foreign assets to wealth is
CE0) - CH(0
w(0) — Cj7(0)

This is exactly equal to the ratio of the current account to saving, so that ca’ (0) =

(50)

21(0)s(0) holds exactly with 2 the ratio of net foreign assets to wealth.
First-Order Solution

From (17) we have Al(1) = ¢! for i = H, F'. From a first-order expansion of the

portfolio Euler equations, and the definition of the portfolio return, we have
ERE,(1) = EiR; (1) = EtRfﬁﬂ) =L Ria(1)
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It then follows from (19) and (18) that
KL (1) = KE4 (1) = s (1)
EiRi1(1) = —w(1 — w)k(0) ™ T hyy (1)
Wi (1) = W(0)e;

In the last equation we assume that k;(1) = 0 as we will abstract from shocks in

earlier periods. From the capital accumulation equations (3.1) it follows that
i (1) =iy (1) = (g + 0k (1)
From (22) and (24) we have
ECoia(1) = RO)W;(1) = €y, (1)) + (W(0) = Cy(0)) Er Ry (1)

ng,t(1> _ Cé,t+1(1) . lEth+1(1)
Ci(0) " Ci(0)  ~y  R(0)

Combining these last two equations, after some algebra we obtain

Cye(1) = WD) + <1 - %) (1- ci(o))%gl)(l)

The sum of the asset market clearing conditions (26)-(27) gives

(51)

(1 + 9)kea(1) = n(W (1) = €5 (1)) + (1L = n) (W (1) = Cyy(1))  (52)

Substituting (51), this implies after a little bit of algebra that

ki (1) = [nh™ Q)W (1) + (1 = n)h" ()W (1)] (53)

L
d(0)
where
1 k(0)—«-1
d0)=1+g— (1——) n(l —c(0)) + (1 —n)(1 — (0)|w(l — w)—L—
(0) 7[( (0)) + (1 = n)( (0))]e( )R<O)
Abstracting again from past shocks, the definition of saving (39) implies

1) = Wi)=Ch(1) = (= (1= ) (=o)X )

An income shock in the Home country at time ¢ then implies

14+g—(1—Y(1—=n)1-=cF(0 wl_wk(o)—w—l
#10) = (1 - oy )N ><d<0) (O)w(1 = w)

(1= L)n(1 — H(0)w(l — w) 20—
d(0)

si (1) = (1—¢"(0))
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The current account is saving minus investment, which is

cay’ (1) = (1 =n)(1 = ¢"(0))

(1= 1)1 = (0)(1 — )

caf (1) = n(1 = ¢ (0)
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