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I. Introduction

In practice all internationally traded assets are risky. That is, their
real returns are risky and depend, among other things, on risk characteristics
of price levels, exchange rates and terms of trade. With increased
liberalization and integration of international capital markets, the
importance of international trade in risky assets can hardly be disputed.
There has been cdnsiderable work on the determinants of aggregate capital
movements, for instance in the literature that regards capital movements as
intertemporal trade.l However, there seems to be relatively little research
done on the determinants of the disaggregate pattern of trade in distinct
risky assets, definitely much less than on the determinants of the pattern of
trade in goods.

A previous paper of mine, Svensson (1987), discusses the trade pattern in
risky assets between barter economies, by combining the general Law of
Comparative Advantage from the literature on international trade in goods with
the literature on international asset pricing.? As developed by Deardorff
(1980) and Dixit and Norman (1980) for trade in goods, the Law of Comparative
Advantage states that there is a correlation between autarky price differences
and the trade pattern such that a country tends to import goods for which the
country's autarky price is high relative to the world market price, or
relative to autarky prices in the rest of the world. When adapted to asset
trade, the law states that there is a tendency for a country to import assets

for which the autarky price is relatively high. Differences in countries'

1 See Persson and Stockman (1987) for a presentation of this approach.

2 See Svensson (1987) for referemnces to the relevant literature on
international asset pricing, and for references to the existing (but
relatively small) literature on the trade pattern in risky assets in barter
economies.
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autarky prices depend on underlying differences between countries. Svensson
(1987) explains how international differences with respect to the stochastic
properties of outputs, rates of time preference, attitudes towards risk, and
subjective beliefs determine autarky price differences, and how autarky price
differences then determine the pattern of trade in arbitrarily specified
assets, as well as in specific assets like indexed bonds, claims to countries'
output (stocks, equity), and Arrow-Debreu securities.

The analysis in Svensson (1987) applies only to real assets in barter
economies. Most international assets are nominal assets, in the sense that
their return is paid in some international currency. Then, the real returns
depend on risk characteristics of price levels and exchange rates, which in
turn depend on, among other things, the risk characteristics of countries'
money supplies.3

This paper extends the analysis to include trade in risky nominal assets
between monetary economies. The new element is to study the effect of
monetary policies and price level and exchange rate risk on the real returns
on specified nominal assets in a general-equilibrium setting. The focus is on
how different combinations of momnetary policies and exchange rate regimes

determine the pattern of trade in nominal assets by affecting the risk

3 See Fama and Farber (1979), Grauer, Litzenberger and Stehle (1976), and
Kouri (1977). These papers take, as is common in the finance literature, the
stochastic processes for price levels as exogenous, and the dependence on
money supply in general equilibrium is not integrated into the analysis. Such
an integration is undertaken in the general-equilibrium international asset
pricing models of Lucas (1982), Stulz (1984) and Svensson (1985). The focus
in these papers is on prices and exchange rates and not on the trade pattern;
since a perfectly pooled equilibrium is assumed, the trade pattern is trivial.
That is, relative to autarky each country (in a two- country world) exports
half of its assets and imports half of the other country's assets. Still,
capital movements and correlations between key macro variables like
investment, the current account, output, etc., can be studied, as in Stockman
and Svensson (1987), but any current and capital account movements are due
exclusively to revaluation of domestically based assets relative to foreign
based assets, not to changes in the ownership of assets.



characteristics of these assets.

The outline of the paper is as follows. Section II lays out a two-period
model of a two-country world, where home and foreign currencies are introduced
via cash- in-advance constraints. The international asset market is
characterized by the assets' real return risk characteristics, summarized as a
real return matrix. Sections IT and III exploit that, for a given real return
matrix, the monetary world equilibrium is equivalent to an equilibrium in a
world barter economy without money and liquidity constraints. The Law of
Comparative Advantage, relating trade in assets to autarky asset price
differences, can then be applied as in Svemnsson (1987). Section IV discusses
how different monetary polices determine risk characteristics of real returns
of nominal assets, the real return matrix. These building blocks are combined
in Section V, which examines the determinants of autarky asset prices for the
case when countries differ only with respect to the stochastic properties of
their outputs. It presents a simple condition, in terms of the covariances
between output and real asset returns, for the direction of trade in a given
asset with given real return characteristics. Four distinct monetary policies
are specified: the passive (nominal GDP) and the price-level (inflation rate)
stabilizing policies, and the fixed exchange rate regimes with either a
one-sided or a two-sided peg. In section VI these elements are combined to
examine how different combinations of monetary policies and exchange rate
regimes determine the trade pattern in home and foreign currency bonds, when
countries differ with respect to the risk characteristics of their outputs.
Section VII examines the case when the countries differ with respect to their
attitudes towards risk. Section VIII includes a summary, some conclusions,
and a discussion of limitations and possible extensions of the analysis. An
appendix includes a detailed description of the cash- in-advance transactions

structure.



II. Markets and Assets

We consider a world with two countries, home and foreign. Each country
consists of a representative consumer and a government. There are two
periods, 1 and 2, and there is one good and two currencies, home and foreign,

in each period. Period 1 outputs in the home and foreign country, y1 and y*l,

are exogenous and certain. Period 2 outputs in the two countries, y2 and y*2,
are also exogenous but uncertain. We call the vector s = (y2,y*2) the state
of the world in period 2. The state of the world is distributed accordingly
to the distribution function F(s). Goods are perishable and there is no
storage or other investment technology.

Stochastic outputs is the only source of uncertainty in the model. The
monetary policies to be specified in section V will be conditional upon the
stochastic outputs. The model can easily be expanded to consider monetary
policy as an independent source of uncertainty.

The home and foreign countries have access to a world asset market in the
beginning of period 1. On this asset market home and foreign currencies and
assets can be traded. Let us now describe this asset market.

There is a given set J of J different assets (in addition to home and
foreign currency), which can be traded on the world asset market in period 1,
before the uncertainty about the state of the world in period 2 has been
resolved. (We let J denote both the set and the number of elements of the
set.) The assets pay a state-dependent return in the beginning of period 2.
All assets are nominal assets. More precisely, they are either home currency
or foreign currency assets, in the sense that they returns are paid in either

home or foreign currency.4 If a particular asset j € J is a home currency

4 The demand for money will be introduced via liquidity (cash-in-advance)
constraints. Assets who pay returns physically in goods can then not be
allowed, since they would provide a way to avoid the liquidity constraints,
and remove any demand for money.



asset, it is characterized by a (gross) home currency return function Rj(s)
giving the amount of home currency it pays in the beginning of period 2 as a
function of the state. If instead a particular asset j € J is a foreign
currency asset, it has a (gross) foreign currency return function Rj(s) giving
the amount of foreign currency it pays in the beginning of period 2 as a
function of the state. The most important characteristic of an asset will be
its real return measured in the one good, however. Let the home and foreign
currency price of goods in state s in period 2 be denoted by Pz(s) and P*z(s),
respectively. Then, the (gross) (real) return function rj(s) for a given
asset j € J is a function given by

(2.1) rj(s) = Rj(s)/Pz(s) or rj(s) = Rj(s)/P*z(s), for all s,

depending upon whether the asset is a home or foreign currency asset. We see
that the real return on a home currency asset in general depends on the home
price level, and that the real return on a foreign currency asset in general
depends on the foreign price level. Ilence, in general the real returns will
be endogenously determined in equilibrium.

Let us consider some special assets. A home currency bond (more

precisely a home currency discount bond) pays one unit of home currency in all
states in period 2. It will be denoted by j = m and has the home currency
return function R (s) = 1 for all s. Hence, its real return function rm(s) is
given by

(2.22)  r (s) = 1/P%(s), for all s.

That is, its real return is the reciprocal of the home price level. This
implies that the risk characteristics of home currency bonds depends directly
on the risk characteristics of the home price level, which in turn depend on

the supply and demand of home currency.5

5 Let Q; be the home currency price on the asset market in period 1 of a
home currency bond. Then the nominal interest rate im on a home currency bond



Similarly, a foreign currency bond, denoted j = n, has the foreign
currency return function Rﬁ(s) = 1 for all s, and the real return function
rn(s) given by
(2.2b) 1 (s) = 1/P*%(s), for all s.

The risk characteristics of the foreign currency bond depend directly on the
risk characteristics of the foreign price level and hence on the demand and
supply for foreign currency.6

Let us also consider some real assets, assets that although they pay in
home or foreign currency have real returns that are independent of the
countries' price levels. That is, their currency returns are, directly or

indirectly, indexed. The indexed bond (denoted j = 0) has the home currency

return function Ry(s) = Pz(s) or the foreign currency return function Rf(s) =
P*z(s). That is, its real return is unity in each state,

(2.2¢) ro(s) =1, for all s.

Home stocks (j = h) are claims to (the home currency value of) home (period 2)
output. They are a home currency asset with the home currency return function
Ry (s) = Pz(s)yz. Hence the real return function ry(s) is given by

(2.2d) rh(s) = y2, for all s.

Similarly, foreign stocks (j = f) are a foreign currency asset with the

foreign currency return function R?(s) = P*2(s)y*2. Hence the real return
function is given by

(2.2e) re(s) = y*2, for all s.

Let us finally note that an Arrow-Debreu security for a particular state

is given by Qi = 1/(1+im).

6 The real return on a foreign currency bond can also be expressed in terms
of the period 2 exchange rate in state s, ez(s), and the home price level as
rn(s) = ez(s)/Pz(s), hence depending on exchange rate and home price- level

risk. However, in equilibrium in our model the Law of One Price will hold, so
this is the same expression as (2.2b).



s 1s an asset that pays either Pz(s) units of home currency or P*z(s) units of
foreign currency in the particular state s, and that pays nothing in other
states. Hence, the real return function is given by

(2.2%) ry(s) =1 for ¢ = s, r (¢) = 0 for ¢ # s, for all states ¢.

An Arrow-Debreu security pays a real return equal to unity in one particular
state only.

The set J of assets available for trade on the world asset market is
completely characterized by the -assets' real return vectors. Let us consider
the (real) return (generalized) matrix r consisting of the J real return
functions rj(s), jeJ. Vhen the number of states of the world, S, is finite,
this is an ordinary (SxJ)-matrix, with S rows and J columns. When the number
of states S is infinite, we can still think of a r as a generalized matrix
with infinitely many rows. The components of the return matrix are exogenous
to consumers trading on the world asset market, but some or all of the
components are endogenously determined in an equilibrium. Therefore, it will
be practical to express individual behavior as conditional upon an arbitrarily
given return matrix. In equilibrium the given return matrix must of course
coincide with the actual equilibrium return matrix as it is determined by
price levels and monetary policies, for instance.

In principle the trade pattern in any given set of assets, complete or
incomplete, can be examined with our methods. In sections VI and VII we shall
however restrict the analysis to the special case when the set of assets
include only home and foreign currency bonds (J = {m,n}). Since we will

assume that there are more the two states of the world, the set of assets then



considered is incomplete.?

Having described the asset market and some possible assets, we shall now
look more closely at the home consumer and the constraints he faces. The home
consumer has rational expectations and knows the probability distribution F(s)
over the states of the world. He has preferences over period 1 consumption,
c1, and state-dependent period 2 consumption, 02(s). The preferences can be
represented by the additively separable expected utility function
(2:3)  U(el) +8B[U(D)],
where U(-) is a standard increasing concave sufficiently differentiable von
Neumann-Morgenstern utility function, g > 0 is is the subjective discount
factor, and E[a] denotes the expected value [a(s)dF(s).8

The consumer is entitled to cash revenues from the sale of home output.
The sequence of transactions and payments is such that he does not receive
these revenues until at the end of each period, whereas he must provide cash

in advance to purchase goods in the beginning of each period.® The precise

7 We recall that the set of assets is said to be complete if the rank of
the return matrix r is S, that is, if there are as many independent assets
(that is, with linearly independent return vectors) as there are states of the
world. Then consumers can reach the same consumption allocation across states
of the world with trade on the asset market as they can if they have access to
the S Arrow-Debreu securities. If the rank of the return matrix is less

than S, the set of assets is said to be incomplete.

8 As is well known, representing preferences by an additively separable
expected utility function does not allow a separation between risk aversion
and intertemporal substitution in consumption (see Sandmo (1974) and
Selden (1978)).

9 The model is similar to the ones of Helpman (1981) (except it has
uncertainty and only two periods), llelpman and Razin (1982) (except it has no
uncertainty in period 1), Lucas (1982) (except it has possibly incomplete
markets and only two periods), Persson (1982, 1984) (except it has uncertainty
and only two periods), and Stockman (1983) (except it has cash in advance
instead of money in the utility function).



sequence of markets and transactions is described in the appendix. There it
is also shown that the resulting equilibrium with money is identical to the
equilibrium in the analog barter economy.!® Therefore we can here proceed to
define the equilibrium without any reference to money. Money and monetary
policy will be introduced in Section V.

Let x denote the home country's (net) import of goods in period 1. Then
consumption in period 1 fulfills
(2.4) ol = y1 + X.
Let the J-vector z = (zj) denote the home country's (net) import of asset on
the asset market in period 1.!! Then consumption in period 2 fulfills
(2.5) c2(s) < y2 + r(s)z, for all s,
where r(s)z denotes the inner product EjEJrj(s)zj. Substitution of (2.4) and
(2.5) into (2.3) allows us to define the trade utility function ﬁ(x,z;r),
conditional on a given return matrix r, by

(2.6) U(x,z;r) = U(y1+x) + ﬂE[U(y2+rz)].

The period 1 budget constraints for the home consumer can now be written
as
(2.7) X +qz = 0,
where q = (qj) is the J-vector of asset prices measured in period 1 goods and
qz denotes the inner product EjequZj' This equation can be interpreted as a

balance- of- payments constraint, stating that the the current account deficit,

x, and the capital account deficit, gz, sum to zero.

10 This equivalence result for a cash- in-advance economy with given output
is demonstrated in the perfect-foresight case by Helpman (1981).

1t Tt is practical to let z denote only the net international trade of the
consumer, and to let his initial holdings of domestic assets (claims to period
1 and period 2 output) be implicitly given in the right-hand sides of his
constraints (2.4) and (2.5).
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The behavior of the home cousumer can now be described as the result of
maximizing the trade utility function (2.6) subject to the budget constraint
(2.7), for given asset prices q, and for a given return matrix r. This

results in goods import and asset import functions x(q;r) and z(q;r).12

12 We assume that these functions are single-valued. This does not matter
for our results, but simplifies the notation.

Also, we disregard bankruptcy issues, by not restricting consumption to
be non-negative.
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III. Equilibrium and the Law of Comparative Advantage

A home country autarky equilibrium for a given return matrix r, is an

equilibrium without access to the world asset market. That is, asset import
is zero,
(3.1) z(q;r) = 0.
(Import of period 1 goods is then also zero, x(q;r) = 0, but by Walras's Law
that equation is redundant.) FEquation (3.1) can be solved for the home
autarky asset prices q, for a given return matrix r.13

The foreign country has a trade utility function over period 1 goods
(net) import x* and asset (net) import z*, ﬁ*(x*,z*;r), defined by the analog
to (2.6). Its period 1 budget constraint is the analog to (2.7).
Maximization of the foreign country's trade utility function subject to its
period 1 budget constraint gives foreign country's goods and asset import

functions x*(q;r) and z*(q;r). An autarky equilibrium for the foreign

country, for a given return matrix r, is an autarky asset price vector q* that
fulfills the analog of (3.1).

In a world equilibrium, finally, home and foreign asset import sum to
zero, that is
(3.2) z(q;r) + z*(q;T) = 0.
Equation (3.2) can be solved for the world equilibrium asset prices, for a
given return matrix r. (By Walras's Law the world market for period 1 goods
is in equilibrium whenever the asset market is in equilibrium.)

The equilibria defined are conditional upon a given return matrix r. It

remains to restrict the return matrix to be consistent with the monetary

13 There is no contradiction in considering the home autarky price of a
foreign currency asset. The foreign currency asset is defined by a real
return vector that is here taken as exogenous. The autarky price of any asset
with a given real return vector is the equilibrium asset price for which zero
trade is an equilibrium.
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policies pursued. Before that is done, we shall continue to take the set of
assets and the return matrix as given and proceed, exactly as in Svensson
(1987), to apply the Law of Comparative Advantage.

For a given return matrix r, the barter economies described by the trade
utility function (2.3) and its foreign analog, and the budget constraint (2.7)
and its foreign analog, are formally equivalent to static barter economies
trading J+1 commodities. Therefore, the standard international trade theorems
apply, for instance the Gains- from-Trade Theorem and the Law of Comparative
Advantage. Let us therefore directly apply the Law of Comparative Advantage,
in the general form advanced by Deardorff (1980) and Dixit and Norman (1980),
to the present circumstances.?

Let z be the home country's import of period 1 goods and assets in a

world equilibrium, and let q and g* be home and foreign autarky asset prices

relative to period 1 goods. Then the Law of Comparative Advantage can be
written on the form

(3.3) (-q*)z 2 0.

It states that on the average, the home country will import assets whose
autarky prices are higher in the home country than in the foreign country. If
only one asset is traded we have an exact relation between autarky asset
prices and the trade pattern: The asset will be imported (and period 1 goods
will be exported) if and only if the autarky price of the asset is higher in
the home country than in the foreign country. If more than one asset are
traded, the Law of Comparative Advantage provides a "tendency" for a

particular asset to be imported if its autarky price is relatively high,
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rather than an exact relation for import in any individual asset.!4

0

14 As Deardorff (1980) emphasizes, a positive inner product ab = ¥.a.b. >
a.
(2)

JJ]
does not exactly provide a positive correlation between the J-vectors a =

and b = (bj), unless either ¥.a. = 0 or Ejbj = 0. This is so, since the

sample correlation coefficient cor(a,b) is proportional to the sample

covariance cov(a,b) and the latter fulfills cov(a,b) = ab - Ejaijj/J.

Deardorff shows how one can counstruct correlations in two ways. One way is to

exploit the balance- of-payments constraint. Let qt be the asset prices in
terms of goods in the world equilibrium. Then (3.3) is equivalent to the

statement that the (J+1)-vectors (o,((qj-qj)/q‘j)) and (x,(q‘J':zJ.)) are

positively correlated, since x + th = 0. The other way is to restrict the
vector of goods and asset prices to be in the unit simplex. Let (p,q) and
(p*,q*) be the home and foreign autarky prices of period 1 goods and assets.
The standard derivation of the Law of Comparative Advantage gives

(p-p*,q-q*) (x,2) > 0. Restricting (p,q) and (p*,q*) to be in the unit simplex
then implies that the (J+1)-vectors ((1,q)/(1+2jqj) - (1,q*)/(1+2jqj)) and
(x,z) are positively correlated.

For our purpose it is sufficient to interpret (3.3) as stating that there
is tendency for asset j to be imported into the home country (Zj > 0) when its

home autarky price (measured in goods) is higher than its foreign autarky
price (measured in goods) (qj > qj).
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IV. Autarky Asset Prices and Qutput Differences

In this section we shall look at the determinants of autarky asset
prices. For the case of countries differing only in their period 2 outputs,
we shall make simplifying assumptions so as to be able to derive a simple and
operational condition, in terms of covariances of outputs and asset returns,
for the autarky asset price of a particular asset to be lower in one country.

The home autarky asset price qj of a particular asset j with return
function rj(s) is simply given by the marginal rate of substitution between
asset j and period 1 goods of the trade utility function (2.6) at zero import
of goods and assets, 6j(0,0;r)/ﬁx(0.0;r), where 6j and ﬁx denote the partial
with respect to zj and x. It follows from (2.6) that the autarky asset price
fulfills
(4.1)  qj = BT/,
the familiar expression of the discounted expected utility of period 2 returns
over the marginal utility of period 1 consumption.

It is practical to relate the price of an asset to the real interest rate
on an indexed bond, and to the risk measure for the asset. First, consider
the indexed bond, with returns ry(s) = 1 for all s. Its autarky price, q,
and the corresponding autarky real interest rate, p, fulfill, by (4.1),

(4.2)  qp = 1/(1+p) = ALV (vDI/U, (D).

Second, define the autarky risk measure for asset j, Hj, as

(4.3) Iy = -Cov[U,(v?) v ] /B0, (v%)-

Third, use the rule E[xy] = E[x]E[y] + Cov[x,y] to rewrite (4.1), and apply
the definitions (4.2) and (4.3). This gives

(4.4) ;= {B[rj] - M}H/(1+p).

We see that the asset price can be written as the present value of the
difference between its expected return and its risk measure.

The risk measure (4.3) is proportional to the negative of the covariance
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between the marginal utilities of consumption Uc(y2) and the returns rj(s).
Hence it is positive or negative depending upon whether period 2 marginal
utilities and returns are negatively or positively correlated. The risk
measure for an asset can be interpreted as a measure of how risky that asset
is relative to the indexed bond. If the risk measure is positive, the asset
is riskier than the indexed bond. If it is negative, the asset is less risky
than the indexed bond.15 16

It is clear from (4.4) that autarky prices for a given asset may differ
across countries because autarky real interest rates, autarky risk measures,
or both differ across countries. More precisely, the home autarky real
interest rate and the risk measure for asset j should be relatively low for
the asset to have a higher home autarky price and for the home country to have
a tendency to import the asset.

Let us first consider the effect of different autarky real interest
rates. Let the-home autarky real interest rate be lower than the foreign
autarky real interest rate. Then, for all assets which do not have higher

autarky risk measure at home than abroad, home autarky asset prices will be

15 The risk premium can be defined as the difference between the expected
gross rate of return, E[rj]/q-, and the gross real rate of interest, 1+p.

Then the risk premium is equa{ to Hj/qj and fulfills Hj/qj =

= -ﬁCov[Uc(yQ)/Uc(yl),rj /qj] and is hence the negative of the covariance
between the marginal rates of substitution and the ex post rates of
return r.(s .

5(8)/q;
16~ Note that the indexed bond has a sure real return, but that the utility
value of the return is risky, since marginal utility itself is risky. Hence

there is nothing paradoxical with assets that are less risky than the indexed
bond. A sure-utility bond (in autarky) (j = u) would have returns ru(s)

fulfilling U,(y*)r,(s) = 1, hence r_(s) = 1/U,(v%) for all s.
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higher, and there is hence a tendency for the home country to import all such
assets. For assets with a higher autarky risk measure at home, a lower home
autarky real interest rate implies a higher autarky price but not necessarily
higher than the foreign autarky price. Nevertheless, we may state that a
lower home autarky real interest rate implies a tendency to import (almost)
all assets into the home country, to run a capital account deficit and hence
be a net lender. If the only asset traded is the indexed bond, we have an
exact result and know for sure that the the home country will import the
indexed bond and be a net lender.

Let us next turn to differences in autarky risk measures. From (4.4) we
see that, for autarky real interest rates not higher at home than abroad, a
lower risk measure at home for asset j implies a higher home autarky asset
price and hence a tendency for asset j to be imported by the home country.

For autarky real interest rates higher at home than abroad, a lower home
autarky risk measure implies a higher autarky asset price, but not necessarily
higher than in the foreign country. Risk terms are specific to individual
assets and depend on the individual risk characteristics of the asset. Hence
a difference between risk measures for a given asset gives information about
trade in that specific asset; a difference in autarky real interest rates
affect autarky asset prices for all assets, and hence gives information about
aggregate asset trade, the capital account.

If the countries are identical in all respects, the autarky asset prices
will be identical, there is no basis for trade, and zero trade will be a trade
equilibrium. Hence, trade here arises because of differences between the
countries. The countries can differ either with regard to their outputs,
their preferences (including their subjective probability distributions), and
with regard to their monetary policies. In Svensson (1987) differences in all

these respects, except monetary policies, are considered. Here we shall, in
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addition to differences in monetary policies, only discuss differences between
countries with regard to output/technology (section VI) and with regard to
attitudes towards risk (section VII).

In Svensson (1987) differences in both autarky real interest rates and
risk measures are extensively discussed. In the present setup, as
demonstrated in the appendix, monetary policy and price level risk does not
affect autarky real interest rates. Therefore, in order to isolate and
highlight the effect of monetary policies we shall make assumptions that
ensure that autarky real interest rates are the same, and hence that then only
reason for autarky asset price differences is differences in autarky risk
measures.

We therefore make the following assumptions:

(A1) The home and foreign countries are identical in all respects except
with regard to period 2 outputs.

(A2) Home and foreign period 2 outputs have the same marginal probability
distribution but are imperfectly correlated.

It follows directly from and assumptions (Al) and (A2) and equations
(4.3) and (4.4) that the two countries will have the same autarky real
interest rate,

(4.5) p=p*.
Then autarky price differences for a particular asset j depends only on
autarky risk measure differences.

Under the following assumptions we get a very simple expression for the
risk measures:

(A3) The von Neumann-Morgenstern utility function has constant absolute
risk aversion, that is,
U(e) = -¢ 7,

where 7 = —UCC/UC, the Arrow-Pratt measure of absolute risk
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aversion, is a positive constant.
(A4) For all assets j € J, (yQ,rj(s)) and (y*2,rj(s)) are jointly
normally distributed.l?
Under assumption (A3) and (A4) it ié easy to show that the home autarky
risk measure fulfillsts
(4.6) Hj = 7Cov[y2,rj].
The autarky risk measure is simply the product of the absolute risk aversion
parameter and the covariance between its return and home period 2 output.
Therefore, under assumptions (A1)- (A4) we can summarize our results as

] nano <0’

> % < % , 2 < *2
(4.7) 4 4 # M. 0% & Covly ,rj] N Cov [y TS i

J J >
where "3" denotes "implies a tendency to."
Hence, if an assets return is less positively correlated, or more

negatively correlated, with home period 2 output than with foreign period 2
output, there is a tendency for the asset to be imported by the home country.
If the asset is the only asset traded we have an exact result and know for
sure that it will be imported by the home country. We note the simplicity of
(4.7) in that it depends only on the return vector for the asset in question
and not on the return vectors of other assets. This is of course because the
asset price and risk measure are computed in autarky, when there is zero trade

in all assets. The simplicity of (4.7) illustrates the convenience in using

the Law of Comparative Advantage.

17 As usual, the assumption of a normal distribution is problematic, since
it implies that period 2 outputs can take negative values with positive
piobagility. With small variances relative to means, it is a minor problem,
though.

18  Under assumption (A4) a theorem by Rubinstein (1976) implies that IIj =
2 2

= -Cov[U, ("), {1 /B[0, ()] = -ElUge(v)ICovIy?,r 1 /B0, (y5)].  Under

assumption (A3) we have Ucc(yz) = -7Uc(y2), hence (4.6).
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V. Monetarv Policy

Demand for currencies is introduced via cash- in-advance constraints. The
rule is that home goods must be purchased with home currency, and foreign
goods with foreign currency (this is the S-system in Helpman and Razin
(1984)). The details are spelled out in the appendix. Here we need only
concern ourselves with the resulting period 2 price level equations. Under
the assumption that nominal interest rates are positive, the price level
equations are the familiar quantity- theory (-of-money) equations
(5.1)  P%(s) = H2(s)/y? and P*2(s) = N2(s)/y*2, for all s,
where Mz(s) and N2(s) are the home and foreign monetary supplies in state s in
period 2.

We also note that in equilibrium the Law of One Price must hold. If it
would not, home and foreign consumers would in this setup shift all their
demand towards goods from one country. Hence,

(5.2)  P2(s) = e%(s)P*2(s), for all s.
It follows from (5.1)-(5.2) that the period 2 exchange rate equation is
(5.3)  e%(s) = (M2(s)/N%(s)) (y*%/y?), for all s.

We have already noted that for nominal assets real returns depend on
period 2 price levels. Thus from the expression for the real returns on home
and foreign currency bonds (2.2a,b) and the quantity equation (5.1) we see
that
(5.4) r.(s)

r,(s)

Hence the stochastic properties of the return on a bond nominated in a

1/P2(s) = y2/M2(s) and
1/P*2(s) = y*2/N2(s), for all s.

country's currency is completely determined by the stochastic properties of
the country's period 2 money supply and output.
In order to know the relevant real returns on nominal assets we therefore

need to specify the monetary policies we want to consider. Obviously a large
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number of different mometary policies can be examined. We shall only specify
a small set of four simple bench-mark monetary policies, the consequences of
which for the trade pattern in nominal assets we shall examine in sections VI
and VII.

It is practical to distinguish between independent and coordinated
monetary policies, independent meaning that policy in one country is
independent of variables in the other country, and coordinated meaning that
policy in one country depends on variables from both countries. Among

possible independent policies, let us only consider output-dependent monetary

policy with a constant elasticity k of home money supply with respect to home
output, that is,19

(5.5  W(s) = (yD)¥, for all s.

We can refer to the case k > 0 as a pro-cyclical monetary policy, and k < 0 as
a counter-cyclical monetary policy. The case k = 0 can be called a passive
monetary policy, with money supply constant and state- independent,

(5.6a)  M%(s) = 1, for all s.

Equivalently, in view of (5.1) we can say that this policy stabilizes nominal

GDP. This is the first monetary policy shall examine below.
We can also conceive of price- level related monetary policies, policies
that are designed to have particular effects on the price level. The second

monetary policy we shall consider is the special case of a price-stabilizing

monetary policy, the output-dependent policy for which the elasticity k equals
unity and the price level is constant,

(5.6b)  W2(s) = y2 and P%(s) = 1, for all s.

Equivalently, we can call this an inflation-stabilizing policy.

19 Since only the risk characteristics of period 2 price levels and returns
matter, that is, their dependence on the state of the world, any
multiplicative constant for the money supply is irrelevant. For simplicity we
set the constant equal to unity in (5.5).
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Among coordinated monetary policies we have the exchange-rate related
monetary policies, policies that are designed to affect the exchange rate.
From the exchange rate equation in (5.3) we have that for a particular
exchange rate target 62(8) for all s, home and foreign monetary policy must
fulfill
(5.7)  ¥(s) = e2(s)N¥(s)y?/y*%, for all s.

A special case is the fixed exchange rate regime when the target exchange rate

is constant (state- independent), éQ(s) = e for all s, for which case the
monetary policies must fulfill

(5.8) M2(s) = éNz(s)y2/y*2, for all s.

The third monetary policy we shall consider is the one-sided peg, the fixed
exchange rate regime in which the foreign country pursues an output- dependent
monetary policy, and the home country sets money supply according to (5.8) so
as to hold the exchange rate constant, that is,

(5.9) N2(s) = (y*2)k* and Mz(s) = éy2(y*2)k*'1, for all s.

The fourth policy is the two-sided peg, the fixed exchange rate regime in

which the two countries cooperate so as to hold the world money stock, M,
constant ,20
(5.10)  K2(s) + eN?(s) = M, for all s.
From (5.8) and (5.10) it follows that the monetary policies must then fulfill
(5.11)  K2(s) = My2/(y% + y*2) and N2(s) = (W/e)y2/(y2 + y*2), for all s.
FEach country's money supply is adjusted so as to be in proportion to the
country's share in world period 2 output.

In the appendix the governments' policy instruments are restricted to be

money supply and (net) transfers. Neither open market operations nor foreign

20 Holding the world money stock M constant is of course a special case.
Output dependent world money stocks can be considered, for instance.
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exchange interventions are considered. However, open market operations and
foreign exchange interventions (assuming that foreign reserves are interest
bearing foreign currency bonds rather than non- interest bearing foreign
currency) are neutral as long as they result in the same money supply.2! This
is so, since the home and foreign countries as modeled are characterized by
Ricardian Equivalence (there are no distortionary taxes, money is not
distortionary, there are rational expectations, and the consumers' horizon is
as long as the horizon of the economies) and since with the given transactions
structure, each country's consumer chooses not to hold any of the other
country's currency between the periods (see appendix). Put differently, the
only things that matter for price levels and exchange rates, and hence real
returns, are the home and foreign currency supplies, (Ml,M2(s)) and (Nl,N2(s))
(this is obvious from the quantity equations (5.1) and the exchange rate
equation (5.3)). Hence, whether we allow such interventions or not in the
present framework is for our purpose irrelevant.22

Monetary policy can here be regarded as "pure" monetary policy, without

any implicitly associated fiscal policy. This is so even though the money

21 In the transactions structure laid out in the appendix the home consumer
chooses not to hold any foreign currency between period 1 and period 2. He
effectively holds all home currency hetween the periods, since it is held by
home firms to be distributed to home consumers in the beginning of period 2.
Therefore, an expansion of the home money stock does not imply any inflation
tax on the foreign consumer. That is also the reason why any private currency
flows do not appear in the balance of payments (2.7).

22 See Helpman (1981) and Persson (1982, 1984) for a detailed discussion on
different exchange rate regimes and different kinds of central bank
intervention in similar perfect- foresight models. Stockman (1983)
demonstrates in a similar uncertainty model, although with real balances in
the utility function, that a sterilized intervention has no effect on exchange
rates and price levels when Ricardian Equivalence obtains.

Since it is the period 2 exchange rates and price levels that are
relevant for the risk characteristics of asset returns in our two-period
model, and there are no assets except home and foreign currency traded in
geriodd2, the set of possible interventions in period 2 would in any case be

imited.
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supply is changed by net transfers to consumers, which usually implies that
monetary and fiscal policy cannot be separated. The reason is that the
monetary structure laid out in the appendix assumes that all monetary
transfers received during period 1 and 2 are taxed at 100% at the end of

period 2.
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VI. Trade in Nominal Assets: Qutput Differences

In section IV we derived the simple covariance criterion (4.7) for
whether there will be a tendency for the home country to import or export a
pafticular asset with given risk characteristics, that is with a given real
return vector, when countries differ only with respect to period 2 outputs.
In section V we noted that the risk characteristics of the real returns of
home and foreign currency are completely determined by the risk
characteristics of period 2 outputs and money supply, and we specified four
bench-mark monetary policies to be considered: the independent passive and
price-level stabilizing monetary polices, and the coordinated one-sided peg
and two-sided peg. At last we are ready to use these building blocks to
discuss how combinations of monetary polices determine the trade pattern in
home and foreign currency bonds.

Hence, we assume that the set of assets consist only of home and foreign
currency bonds, that is J = {m,n}, and consider combinations of the monetary
polices mentioned. A summary or the results is given in Table 1.

First, let us take the foreign country to pursue a passive monetary
policy (the elasticity k* of foreign period 2 money supply with respect to
foreign period 2 output equals zero), and let us vary the monetary policy of
the home country. This corresponds to column (a) in Table 1. From (5.4) and
(5.6a) we see that with a foreign passive monetary policy, the foreign
currency bonds is a perfect substitute for foreign stocks, since its return is
proportional to foreign period 2 output, rn(s) = y*2 = rf(s), for all s. It

is as if there were trade in claims to foreign period 2 output instead of
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foreign currency bonds. This circumstance we denote by n = f.23 Furthermore,
since the marginal distributions of home and foreign period 2 outputs are
equal and the two outputs are not perfectly correlated, we have
(6-1) W = Mg = Cov[y?,y*?] < (Var[y*]Var[y**]) /2 < Var[y*?] -

2 2
Cov [y*“,y*] = Hf = H;.

n

Thus, the home autarky risk measure for the foreign currency bond is lower
than the foreign autarky measure, and there is a tendency for the home country
to import the the foreign currency bond. The foreign currency bond is a
perfect substitute for foreign stocks, which are a less risky in the home
country than in the foreign country. This result is denoted by "n=f: Import"
in the first three rows in column (a) in Table 1.

Suppose the home country also pursues a passive monetary policy (the
elasticity k of home monetary supply with respect to home period 2 output
equals zero). This corresponds to row (1) in Table 1. It follows directly
from the reasoning above that with a passive home monetary policy the home
currency bond will be a perfect substitute for a claim to home period 2
output, r_(s) = y2 = rh(s), for all s. Since home stocks are riskier in the
home country (the autarky risk measure is lower), there will be a tendency for
the home country to export the home currency bond (denoted by "m=h: Export" in
the first two columns in row (1) in Table 1).

Suppose instead that the home country stabilizes the home period 2 price
level (the elasticity k equals unity). This corresponds to row (2). This

implies that the return on the home currency bond is sure, rm(s) = 1, for all

23 We say that two assets i and j with returns r.(s) and rj(s) are perfect
substitutes if and only if r.
that is, if and only if their returns are proportional. Then the asset prices

q; and q. fulfill qq = aq; . Two assets who are perfect substitutes are said
to be ef%ectively only one asset.

(s) = arj(s) for all s, for some constant a > 0,
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s, and the home currency bond is a perfect substitute for the indexed bond,
which we denote by m = 0. By assumption autarky interest rates and hence the
autarky asset prices on the indexed bond are equal. If the home currency bond
were the only asset traded, we would kunow that it will be neither imported nor
exported in a trade in equilibrium. However, when the foreign currency bond
is also traded, it does not necessarily follow that there will be no trade in
equilibrium in the home currency bond. We already know that there is a
tendency for the home country to import the foreign currency bond when the
foreign country pursues a passive monetary policy. Hence in equilibrium there
should be (a tendency to) export of either goods or home currency bonds, or
both, to balance the import of foreign currency bonds. We conclude that the
home currency bond can be either exported or imported (denoted by by "m=0: 7"
in row (2) column (a)).

Next, let us consider the situation when the home country pursues a
one-sided peg and fixes the period 2 exchange rate, when the foreign country
still pursues a passive monetary policy. With a fixed exchange rate, home and
foreign currency bonds become perfect substitutes, since by the Law of One
Price 1y (s) = 1/P%(s) = 1/(eP*%(s)) = ry(s)/e, for all s. Furthernore, we
already know that the foreign currency bond is a perfect substitute to a claim
to foreign stocks, and that there is a tendency for the home country to import
the foreign currency bond. Since there is now effectively only one asset
traded, we even have an exact result rather than a tendency: The home country
will import the asset, have a capital account deficit and a current account
surplus. This is denoted "m=n=f: Import" in row (3) column (a).

Second, let us briefly consider the possibilities when the foreign
country pursues a price-level stabilizing policy (row (b) in Table 1). Then
the foreign currency bond is a perfect substitute for the indexed bond. The

case when the home country pursues a passive monetary policy (row (1) column
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(b)) is of course identical to the case in row (2) and column (a), except that
the properties of home and foreign currency bonds are interchanged. Hence,
the home currency bond is a perfect substitute for home stocks, and there is a
tendency for the home country to export home currency bonds. The foreign
currency bond may or may not be imported into the home country.

When the home country also pursues a price-level stabilizing monetary
policy (row (2) column (b)), both home and foreign currency bonds are perfect
substitutes for the indexed bond. Since the relevant autarky asset prices are
equal, and there is effectively only one asset traded, we have the exact
result that there will be no trade and that the capital and current accounts
will each be balanced. Also, since the exchange rate is constant, this policy
is equivalent to the home country pursuing a one-sided peg (row (3)
column (b)).

Third and last, let us consider the case when both countries engage in a
two-sided peg (row (4) column (c)). Since the period 2 exchange rate is
fixed, home and foreign currency bonds will be perfect substitutes (m=n). From
(5.1) and (5.8) it follows that the return on home curremcy bonds is given by
(6.2)  ry(s) = ¥*/H2(s) = (y2 + y*H)/M, for all s.

That is, home and foreign currency bonds are perfect substitutes for a claim
to world output (j=w) with returns rw(s) given by
(6.3) rw(s) = y2 + y*2, for all s.

Furthermore, since the marginal distributions of home and foreign
period 2 output by assumption are identical, it follows that
(6.4) n=0 -= Cov[yz,rw] = Cov[y*2,rw] = I¥.

Then by (4.7) the home and foreign autarky risk measures and hence autarky
asset prices are equal. Since there is effectively only one asset traded, we
have an exact result. There will be no trade in equilibrium, and the current

and capital accounts will each be balanced.
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We note the contrast to the case when both countries pursue a passive
monetary policy. That equilibrium effectively involves trade in both
countries stocks. Indeed, we realize that under assumptions (A1) and (A2),
the resulting equilibrium is the Pareto efficient perfectly pooled
equilibrium, where each country exports half of its stocks. Then, the capital
and current account will also be balanced, although there is nonzero gross
trade. In the case with the cooperative peg there is effectively only one
assets, claims to world output. Both net and gross trade are zero, and'both

countries are effectively in their autarky equilibrium.
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VII. Trade in Nominal Assets: Risk Aversion Differences

Next, we consider the situation when the home country is more risk averse
than the foreign country. To isolate the effect of differences in attitudes
towards risk, we want to assume that the countries are identical in all other
aspects. We also want to make assumptions so as to equalize autarky real
interest rates so as to isolate the effect on the trade pattern in nominal
assets of assets' risk measures and the risk characteristics of monetary
policies. Since intertemporal substitution and attitude towards risk cannot
be separated when preferences are represented by an additively separable
expected utility function, some special considerations are required.

The home country being more risk averse means that the countries' von
Neumann-Morgenstern utility functions are different. Everything else equal
this means that the autarky interest rates need not be equal, even if the
countries' period 2 outputs have the same marginal distribution or even if
their outputs are perfectly correlated and identical, since the expected
period 2 marginal utility in (4.2) need not be equal. Therefore, for autarky
interest rates to be equal, the subjective discount factor must be allowed to
differ, too. We hence make the following assumptions, which replace
(A1)- (A3):24
(A1Y) The home and foreign countries are identical in all respects except

their von Neumann-Morgenstern utility functions and their subjective

24~ Alternatively, we can use a special case of Selden's (1978) formulation,
which distinguishes between intertemporal preferences and attitudes towards
risk. The attitude towards risk is given by the risk utility function V(c),

by which the certainty equivalent period 2 consumption is defined by V(c?) =

E[V(c2(s ]. The intertemporal preferences are then given by U(clﬂ + ﬂU(c2).
We can then assume that the two countries have different CARA risk utility
functions with the measures of absolute risk aversion fulfilling (A3'),
identical U(-) functions, and different subjective discount factors so as to
make autarky interest rates equal.

See Svensson (1987) and Persson and Svensson (1987) for applications of
Selden's formulation in similar contexts.
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discount factors. Home and foreign period 2 output are equal and
hence perfectly correlated.
(A2') The subjective discount factors differ so as to make autarky
interest rates equal.
(A3') The von Neumann-Morgenstern utility function has constant absolute
risk aversion. The home country is more risk averse, that is,
7> 7r.
We retain assumption (A4).
Since by (4.6)
(7.3) I~ I = (rp)Covylir],
it follows that instead of the result (4.7) we now have
(T4) g5 af e I SN s COV[yz,I‘j] S0 "tz So.
That is, the home autarky risk measure for asset j is lower (higher) then the
foreign autarky risk measure for asset j if and only if the returns are
negatively (positively) correlated with home and foreign period 2 output, that
is, if and only if asset j is less (more) risky than the indexed bond. Hence,
there is a tendency for the more risk averse home country to import assets
that are less risky than the indexed bond, and to export assets that are more
risky than the indexed bond.

After this we are equipped to discuss how monetary policies affect the
trade pattern in nominal assets when the home country is more risk averse. We
consider the same combinations of monetary policy as above in section VI. The
results are summarized in Table 2.

Let us again first consider the situation when the foreign country
pursues a passive monetary policy (column (a) in Table 2). Then the foreign
currency bond is a perfect substitute for foreign stocks, but with home and

foreign output being perfectly correlated, home and foreign stocks are perfect

substitutes for a claim to world output. Furthermore, the covariance between
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period 2 output and world period 2 output is obviously positive. That is, a
claim to world output is more risky than the indexed bond. It follows that
the more risk averse home country has a tendency to export foreign currency
bonds (n=w: Export) whenever the foreign country pursues a passive policy.

Suppose the home country also pursues a passive monetary policy (row (1)
column (a)). Then the home currency bond is a perfect substitute for home
stocks, and hence a perfect substitute for world output and foreign currency
bonds. There is effectively only one asset traded, and we have an exact
result. The home country will export the asset, and have a capital account
surplus and a current account deficit (m=n=w: Export). Since home and foreign
period 2 outputs are perfectly correlated, this policy combination by (5.3)
implies that the period 2 exchange rate is constant. Hence, the policy
combination is equivalent to the home country pursuing a one-sided peg
(row (3) column (a)). Since the policy combination also implies that the
world money stock is constant, it is equivalent to a two-sided peg (row (4)
column (c)).

Suppose the home country instead stabilizes its price level (row (2)
column (a)). Then the home currency bond is a perfect substitute for the
indexed bond. Since autarky interest rates are equal, and there is more than
one asset available, we cannot say whether home currency bonds will be
exported or imported (m=0: 7).

The case when the foreign country stabilizes its price level and the home
country pursues a passive monetary policy (row (1) column (b)) is identical to
the previous case in row (2) and column (a), except that the properties of
home and foreign currency assets are interchanged (m=w: Export, n=0: 7).

For the case when both countries stabilize their price levels (row (2)
column (b)) home and foreign currency bonds are perfect substitutes for the

indexed bond. Autarky interest rates are equal and there is effectively only
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one asset traded. Then we have the exact result that there will be no trade
and zero capital and current accounts. Since the exchange rate is constant,
this case is identical to the foreign country pursuing a price-level

stabilizing policy, and the home country pursuing a one-sided peg (row (3)

column (b)).
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VIII. Conclusions

We have made assumptions so as to isolate the effect of price level and
exchange rate risk on the trade pattern in nominal assets. Although the model
allows for (almost) any specified real and nominal assets, in the end we have
looked closely only at the case of home and foreign currency bonds. In
particular we have assumed that home and foreign currency bonds are the only
assets traded, and therefore that the asset market is incomplete. Since
price-level and exchange rate risk depend on monetary policies, we have
examined the effect of a few bench-mark monetary policies on the risk
characteristics of home and foreign currency bonds and on the pattern of trade
in such bonds. We have dealt with the two cases when the countries differ
either with respect to their period 2 outputs or with respect to their
attitudes towards risk.

Let us first summarize the results when the countries differ with respect
to their outputs, in that their period 2 outputs are less than perfectly
correlated. (i) When monetary policies are such that the exchange rate is
variable, home and foreign currency bonds are imperfect substitutes. The risk
characteristics of a country's currency bond depend directly on the country's
monetary policy. If the country's monetary policy is passive, the bond is a
perfect substitute for a claim the country's output, which is more risky for
the country than it is for the other country, and there is a tendency for the
country to export its currency bond. If the monetary policy is price-level
stabilizing, the bond is a perfect substitute for the indexed bond, and it may
be traded in any direction. (ii) When monetary policies are coordinated such
as to fix the exchange rate, home and foreign currency bonds are perfect
substitutes. Their risk characteristic depend on the coordinated monetary
policies. If the exchange rate regime is a one-sided peg, and if the

non- pegging country is pursuing a passive monetary policy, home and foreign
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currency bonds are perfect substitutes for a claim to the non-pegging
country's output. Then the non- pegging country will export home and foreign
currency bonds and have a capital account surplus and current account deficit.
If the non-pegging country is- pursuing a price-level stabilizing policy, home
and foreign currency bonds are perfect substitutes for the indexed bond.

There will be no trade, and capital and current accounts will each be
balanced. If the exchange rate regime is a two-sided peg, home and foreign
currency bonds are perfect substitutes for a claim to world output, there will
be no trade, and capital and current accounts will each be balanced.

Second, let us summarize the results when the countries differ with
respect to their attitudes towards risk, in that the home country is more risk
averse than the foreign country. Their period 2 outputs are assumed to be
equal and hence perfectly correlated. Their autarky interest rates are
assumed to be equal. (i) When the countries pursue different monetary
policies, the exchange rate is variable, and home and foreign bonds are
imperfect substitutes. For the country pursuing a passive monetary policy,
the country's currency bond is a perfect substitute for a claim to world
output, and there is a tendency for the bond to be exported by the more risk
averse home country. For the country pursuing a price-level stabilizing
policy, the country's currency bhond is a perfect substitute for the indexed
bond, and the bond may be traded in any direction. (ii) When the countries
monetary polices are coordinated and the exchange rate ié fixed, home and
foreign currency bonds are perfect substitutes. If the exchange rate regime
is a one-sided peg, and if the non-pegging country is pursuing a passive
monetary policy, home and foreign currency bonds are perfect substitutes to a
claim to world output. Then the more risk averse home country will export
home and foreign currency bonds and have a capital account surplus and current

account deficit. This case is identical to the two-sided peg, since world
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money supply is comnstant. If the non-pegging country is pursuing a
price-level stabilizing policy, home and foreign currency bonds are perfect
substitutes to the indexed bond, there will be no trade and both countries'
capital and current accounts will each be balanced.

We see that different monetary policies have dramatic effects on risk
characteristics of home and foreign currency bonds, which in turn has dramatic
effects on the pattern of trade and even the sign of the aggregate capital
accounts. The effects on the pattern of trade is of course not independeht of
the assumption that home and foreign currency bonds are the only assets
traded. Monetary policy has real effects in this framework precisely because
asset markets are assumed to be incomplete, and because monetary policy
changes the risk characteristics of the real returns of available assets. If
indexed bonds and claims to home and foreign output is traded alongside with
home and foreign currency bonds, there is no effect on aggregate capital
accounts, for the different monetary policies we have considered. Neither is
there any relevant effect on the pattern of trade in "effective" assets, since
the number of linearly independent effective assets then does not change. If
the asset market would be complete, in the sense of the the rank of the real
return matrix being equal to the number of states of the world, any monetary
policies would in the present framework have no real effects at all. Clearly,
it is not restrictive to assume that real world international capital markets
are incomplete. Even the simple case of trade in only home and foreign
currency bonds has an attractive realistic touch, I think. The amount of
international trade in equity is so far relatively small, although rising.
International trade in anything remotely similar to an indexed bond is, as far

as I know, completely insignificant.25

25 Perhaps a partial explanation to why there is so little trade in indexed
bonds in the real world is that a bond indexed to one country's consumer price
index, say, would not in general be a perfect substitute for a bond indexed to
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These results also provide another demonstration of something that is by
now widely acknowledged, namely that reduced-form asset demand functions are
very sensitive to the policy regime, in this case the monetary policy and
exchange rate regime. For instance, the asset demand functions presumed in
simple variants of the portfolio-balance approach to exchange rate
determination are simply not stable over the policy experiments usually
considered.

The present framework can obviously easily incorporate a large variety of
real and nominal assets, and a large variety of monetary policies and exchange
rate regimes. Several goods can be added to allow for a discussion of both
goods and asset trade. Let us however discuss some of the more severe
limitations inherent in the approach, and some related possible extensions.
The main advantage of Law of Comparative Advantage, in general and when
applied to our context, is that it requires information only about autarky
equilibria, and that it is not necessary to solve explicitly for the trade
equilibria. The main disadvantage is that it does not give exact results for
a given asset but only results in terms of correlations, when there are more
than one asset available for international trade. Roughly, the larger the
number of assets, the less precise the prediction for each individual asset.
More specific results about the pattern and volume of trade, for instance from
comparative statics experiments, requires the direct study of the trade
equilibria. Since it is frequently more difficult to solve for trade
equilibria than for autarky equilibria, solvability of the trade equilibria
may require additional restrictions on the model, restrictions not needed when

the Law of Comparative Advantage is used. Persson and Svensson (1987) make

another country's CPI, since the CPIs would generally differ. 0n a micro
level, a bond indexed to one investor's individual CPI would generally not be
a perfect substitute to a bond indexed to another investor's individual CPI if
their preferences and consumption baskets differ.



additional assumptions that allow explicit and simple solutions of such trade
equilibria, and undertake a more specific study of how exchange rate
variability determine trade patterns and trade volumes in asset trade
equilibria.

An important simplifying aspect of the specific model we use is that
assets' real return risk characteristics, summarized by the the real return
matrix, depends only on outputs and monetary policies. Once the stochastic
properties of outputs and monetary policies are specified, the real return
matrix is given. In particular, for given monetary policies, the real return
matrix is the same in autarky and in a trade equilibrium. If output is
endogenously determined (for instance because investment is incorporated), or
if the demand for money is specified in some other way than with the
cash- in- advance constraints we have assumed, the real return matrix would in
general not be exogenous once monetary policy is specified. In particular,
the real return matrix would in general not be the same in a trade equilibrium
as in an autarky equilibrium.26

Qur approach can however still be used also when the real return matrix
is different in autarky and in trade equilibria. The trick is to derive the
real return matrix in the trade equilibrium, and then take that real return
matrix as given and compute the corresponding hypothetical autarky asset
prices for the given real return matrix. These hypothetical autarky prices
then predict the pattern of trade in assets. 0f course, the operation

requires the solution of (at least part of) the trade equilibrium.

26 This complication also arises in the barter economy with real assets like
claims to output, when output is endogenous. See Svensson (1987) for a
discussion within the context of the barter economy of that complication and
related ones when there many periods.
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There is a related, and perhaps more fundamental, problem with applying
the Law of Comparative Advantage in a monetary economy. The law requires the
Gains- from- Trade Theorem to hold. The Gains-from-Trade Theorem need not hold
if there are domestic distortions in autarky. Hence, it is crucial how money
is introduced. More specifically, it is crucial whether or not money is
introduced in such a way that the autarky equilibrium is distorted, that is,
whether or not the autarky equilibrium is Pareto efficient. When money is
introduced via cash- in-advance constraints and output is exogenous, the
autarky equilibrium is Pareto efficient (this is a special case of the result
by Helpman (1981) mentioned above, that a monetary trade equilibrium is
equivalent to a barter trade equilibrium). If money is introduced in a
different way so as to make the autarky equilibrium not Pareto efficient, it
must be checked whether there still are gains from trade, before the Law of
Comparative Advantage can be used. VWhether there are gains from trade will
obviously depend on the details of how the demand for money is modeled, and on
what monetary policies are being pursued. Further research is needed on this

issue.
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Appendix: The Sequence of Markets and Transactions

The precise sequence of markets and transactions is the following. In
the beginning of period 1 the consumer receives a transfer of home currency,
Ml, from the home government. (This transfer equals the period 1 supply of
home currency.) After that he can trade currencies and assets on the world
asset market. He takes the set J of assets and the return matrix r as given.
Let M! and N denote his holdings of home and foreign currency after trading
on the asset market. His budget constraint is then
A.1) M+ eI 4 glz < ul,
where ﬂl = (Q})jej is the J-vector of asset prices in terms of home currency,
and le denotes the inner product Ejﬂﬁzj. After the transactions on the asset
market are completed, the consumer can purchase goods on the goods market. He
must pay for goods produced in the home country with home currency, and for
goods produced in the foreign country with foreign currency. Hence, he faces
the liquidity constraints
(0.2)  Plef <o and Prlcl < 8L
where P1 and P*! are the goods prices in home and foreign currency, and cﬁ and
c% are consumption of goods produced in the home and foreign country. Goods
produced in the home and foreign country are perfect substitutes in
consumption, and total period 1 consumption is
(A.3) el - cﬁ + c%.

At the end of period 1, or in the beginning of period 2, the consumer
receives revenues in home currency from the sale of home output. He learns
the state of the world in period 2 , and receives a state-dependent cash
transfer from the home government and the state-dependent currency returns on

his assets. He can then trade on a world currency market in the beginning of

period 2. His budget constraint in state s, is

(A.4)  H(s) + e2(s)N2(s) < Pyt + (i2(s)-M1) + (ul-plel b
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+ ez(s)(Nl—P*lc%) + P2(s)r(s)z.
The terms on the right-hand side are revenues from sales of home period 1
output, the cash transfer from the home government (which equals the -expansion
of the home money supply), home currency left over from the goods market in
period 1, the value in home currency of foreign currency left over from the
goods market in period 1 (ez(s) is the state-dependent exchange rate in period
2), and the home currency value of the return on assets. (The expression
r(s)z denotes product 2jrj(s)zj.)27 On the left-hand side, M2(s) and N2(s)
are the holdings of home and foreign currency after trade on the currency
market is completed.

After the currency market, the consumer can by goods produced at home and
abroad in the goods market, facing the liquidity constraints
(4.5)  PY(s)c(s) < M(s) and P¥E(s)ch(s) < NP(s), for all s,
where c%(s) and cﬁ(s) are consumption of goods produced in the home and
foreign country, respectively. Total consumption in period 2 is
(A.6) c2(s) = cﬁ(s) + c%(s), for all s.

Towards the end of period 2 the consumer receives revenues P2(s)y2 in
home currency from the sales of home output in state s in period 2. He has to
pay a tax T3(s) in home currency to the home government. Hence he faces the
constraints
A7) 0 <Pyt + ((s)-PE(s)cE(s)) - T3(s), for all s.

(The second term on the right-hand side is home currency left over from the

period 2 goods market.)

27 The home currency value of the returns, Pz(s)r(s)z, equals the sum of
returns on home currency assets, Ejgj*Rj(S)zj’ and the home currency value of

foreign currency assets, eQ(S)EjE]*Rj(S)zj, where J* ¢ J denotes the subset of
foreign currency assets.
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The home consumer's decision problem is hence to choose consumption
(cl,(CQ(s))), currency holdings (M1,M2(s)) and (Nl,NQ(s)), and asset import z,
s0 as to maximize the expected utility function (2.3) subject to the
constraints (A.1)-(A.7).

The home government supplies home currency M oin period 1, and M2(s) in
state s in period 2, via net transfers to the home consumer. It also levels
the tax T3(s) on the home consumer at the end of period 2. This tax has to be
paid in home currency, but is is indexed such that its real value is equal to
home period 2 output in state s. llence it is given by28
(A.8) T3(s) = P2(s)y2, for all s.

This completes the description of the home country's transactions. The
foreign country also consists of a representative consumer and a government.
The foreign consumer chooses consumption (c*l,c*z(s)), currency holdings
(M*l,M*Q(s)) and (N*l,N*Q(s)), and asset import z*, so as to maximize his
expected utility subject to a similar sequence of constraints as the home
consumer. At the beginning of period 1 the foreign consumer receives a
transfer N of foreign currency from the foreign government. Thereafter he
can trade on the world asset and goods market and then faces constraints
analog to (A.1)-(A.3). As the home consumer, he takes the set J of assets and
the return matrix r as given. At the beginning of period 2 the foreign
consumer receives foreign currency revenues from sales of foreign period 1
output, a foreign currency transfer Nz(s)—N1 from its government, and returns

on its assets. The foreign consumer trades on the period 2 currency and goods

28  The only role of this tax is to provide a rationale for the sale of
period 2 output, even though the revenues reach the consumer after the goods
market is closed. If the tax is introduced it need to be defined in real
terms to give a determinate price level in the second period. Alternatively,
one can disregard the tax, and simply assume that period 2 output is supplied
and sold even though there is no use for the cash revenues received.
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markets and then faces constraints analog to (A.4)- (A.6). Finally, at the end
of period 2 the foreign consumer receives foreign currency revenues from sales
of foreign period 2 output, and must pay a tax T*3(s) in foreign currency to
the foreign government, hence facing the constraint analog to (A.7),

h.9) 0 < P2(e)yr2e (e E(s)-p*E(5)cx(s)) - TH(s), for all s.

The foreign government supplies foreign currency (Nl,NQ(s)) and levies
the tax T*3(s) in foreign currency at the end of period 2 such that the tax's
real value is equal to foreign period 2 output, that is,

(A.10)  T*3(s) = P*2(s)y*2, for all s.

Equilibrium on the asset market in period 1 requires that demand and

supply of currencies are equal, and that home and foreign asset import sum to

zero. That is,

A1) wb el o, N el 2 R and
(A.12) 21+ 2l = .
Equilibrium in the goods market in period 1 requires that home and foreign
consumption of goods produced in the home country, and in the foreign country,
are equal to output of goods in the home and foreign country, that is,
(A.13) ci + cﬁl = y1 and c} + c?l = y*l.

Equilibrium on the period 2 currency market in each state of the world
requires
(A.14)  M2(s) + M*23(s) = W2(s) and N2(s) + N*%(s) = N(s), for all s.
Equilibrium on the period 2 goods market in each state of the world implies
(A.15) cg(s) + cﬁQ(s) = y2 and c%(s) + c?z(s) = y*2, for all s.

The equilibrium can be determined from these market equilibrium
conditions and the behavioral functions derived from the home and foreign
consumers' decision problems. There is, however, a much simpler way to

determine the equilibrium. The trick is to use binding liquidity constraints

to simplify the consumers' budget constraints. More precisely, we shall show
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that consumers' budget constraints in equilibrium are equivalent to those in a
barter economy.

First, let us note that from (A.7)-(A.10) it follows that in equilibrium
the liquidity constraints (A.5) and their analogs for the foreign country are
binding in each state in period 2. (Constraint (A.5) for foreign currency
must bind if the consumer maximizes his utility. Constraints (A.7) and (A.8)
imply (A.5), hence the consumer can in equilibrium fulfill (A.7) and still let
(A.5) for home currency bind.) Together with the goods market equilibrium
conditions (A.15) this implies that the home and foreign price levels in
period 2 fulfill the quantity- theory (-of-money) equations
(A.16)  P%(s) = H2(s)/y? and P*2(s) = N2(s)/y*?%, for all s,
that is, (5.1).

Under the assumption that the nominal interest rates on home and foreign
currency bonds are positive it is optimal for the home and foreign consumers
not to hold any excess cash. Then it follows that the period 1 liquidity
constraints (A.2) and their analogs for the foreign country are binding, which
together with the period 1 goods market equilibrium condition (A.13) implies
that the period 1 home and foreign price levels fulfill the quantity- theory

equations?29

29 If the nominal interest rate on home currency bonds, say, is zero (that
is, if the nominal price on the period 1 asset market of a claim to a sure
i = 1) the
consumers are indifferent to the amount of excess home currency balances they
hold. It can be shown that the period 1 home price level then is independent
of period 1 home currency supply and given by the more complicated equation

pl - Uc(cl)/ﬂE[UC(cz)yz/Mz] < yi/Ml. The equivalence of the monetary

equilibrium with that of a barter economy still holds, as Helpman (1981) has
demonstrated for the certainty case. (The argument for the uncertainty case
is easy to construct.)

Qur results about the trade pattern in nominal assets is independent of
whether period 1 liquidity coanstraints bind or not.

unit of home currency in period 2 is equal to unity, 1/(1+i) = Q
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(A.17)  pLo= Wyl and Pl = Nyl

We also note that in equilibrium the Law of One Price must hold. If it
would not, home and foreign consumers would shift all their demand towards
goods from one country. Hence,

(A.18)  PL = elp*l and P2(s) = e2(s)P*¥%(s), for all s,
that is, (5.2)

It follows from (A.16)- (A.18) that the exchange rate equations are
(A.19) el = m/NY (¥ /yly and e2(s) = (M2(s)/N%(s)) (y*%/y?), for all s,
that is, (5.3).

Using the quantity equations and the Law of One Price, it is easy to see
that the period 1 budget and liquidity constraints for the home consumer can

be simplified to Plc! + glz = plyl

(A.20) cl 4 qz = yl,

, Or

where q = (qj) = (Q}/Pl) is the J-vector of asset prices measured in goods.
This implies (2.7). Similarly, the period 2 budget comstraint simplifies to
P2(s)c2(s) < P2(s)y2 + P2(s)r(s)z, or

(a.21)  c(s) <y
that is, (2.5).

+ r(s)z, for all s,
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Table 1. Summary of Results: Output Differences

(a) (b) c
Foreign policy: Passive Stable price level Two- sided peg
(k*:O) (1\'*=1)
Home policy:
(1) Passive m=h: Export m=h: Export
(k=0) n=f: Import n=0: ?
(2) Stable m=0: ? m=n=0: No trade
price level n=f: Import
(k=1)
(3) One-sided  m=n=f: Import m=n=0: No trade
peg
(4) Two-sided m=n=w: No trade
peg

Table 2. Summary of Results: Home Country More Risk Averse

(a) (b) c
Foreign policy: Passive Stable price level Two- sided peg
(k*=0) (k*=1)
Home policy:
(1) Passive m=n=w: Export m=w: Export
(k=0) n=0: 7
(2) Stable m=0: ? m=n=0: No trade
price level n=w: bExport
(k=1)
(3) One-sided  m=n=w: Export m=n=0: No trade
peg
(4) Two-sided m=n=w: Export
peg

"Export" and "Import" for an asset denotes a tendency for the home
country to export or import the asset. "?" denotes either export or. import
éautariy asset prices are equal but other assets are also traded). "No trade"

enotes neither export nor import (autarky asset prices are equal, and no
other asset is traded).





