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CAPITAL FLOWS, INVESTMENT, AND EXCHANGE RATES

by Alan C. Stockman and Lars E. 0. Svensson

1. Introduction

Adler and Dumas (1983) have recently called for the incorporation of
international capital flows into a '"true stochastic theory of the balance of
payments' based on optimizing behavior and rational expectations. We attempt
here to take a step toward that end by developing a tractable dynamic
stochastic model of the relations between changes in exchange rates, capital
flows, savings and investment, and asset prices. The model can be soived
explicitly for an equilibrium, and we calculate the covariances of endogenous
variables in terms of underlying stochastic processes of exogenous variables.
Qur model combines elements from recent research on general equilibrium asset-
pricing (Lucas (1978)) with investment and production (Brock (13982)), and
asset-pricing in monetary economies (Townsend (1982), Lucas (1982, 1883),
Svensson (198L4a,b)) with the recent literature on the interactions of
investment, the current account, and exchange rates. These interactions have
received extensive attention recently, with much of the work sumharized by
Branson and Henderson (1985), Frenkel and Mussa (1985), and Obstfeld and
Stockman (1985). The importance of investment in accounting for observed
changes in the current account and capital flows is underscored by Sachs
(1983) . This paper examines theoretically the joint stochastic behavior of
capital flows, investment, the exchange rate, and the terms of trade in a
model that synthesizes these areas of research.

We focus on a two-country world in which the output of one of the two
countries can be used for investment purposes. We find that the covariance

between investment and the current account can be either positive or negative,
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depending on the coefficient of relative risk-aversion, the magnitude of
changes in the expected rate of return associated with the <changes in
investment, the magnitude and sign of the country's net international
indebtedness, and the covariance between foreign output and the rate of
foreign monetary growth. Productivity shocks that alter domestic output do
not necessarily result in a current account surplus because, unlike much work
in this area, we assume the existence of well-integrated international
financial markets. However, the covariance between domestic output and the
current account surplus is nevertheless positive under certain conditions
{(that depend on the degree of risk aversion) because of effects operating
through investment and the capital stock.

The covariance between capital flows and the terms of trade depends on
the deéree of risk-aversion, the magnitude and sign of international
indebtedness, the covariance between foreign and domestic productivity shocks,
and covariances of rates of foreign and domestic monetary growth with the
other exogenous variables. We discuss conditions under which real
appreciation is associated with a current account surplus or deficit. The
covariance between capital flows and the rate of change of the exchange rate
depends on similar considerations. Disturbances that affect the terms of
trade also affect the exchange rate along the lines discussed in Stockman
(1980) and Obstfeld and Stockman (1985). The effects on the exchange rate
also depend on the behavior of nominal prices of goods. Although we introduce
money into the model through cash-in-advance constraints, the velocity of
money is variable as in Lucas (1980), Stockman (1980), and Svensson (198ka,b).
Real and nominal disturbances can affect the exchange rate through their

effects on interest rates and money demands. This introduces additional
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channels through which exchange rates and the current account are related.
[nterest rates and nominal asset prices can be computed as in Svensson
(1984a,b) .

The model has implications for a number of other issues, including
variability of exchange rates and ratios of prices (or price indexes) of goods
across countries, the joint stochastic behavior of interest rates and exchange
rates, the relations between capital flows and interest rates, the Harberger-

Laursen-Metzler effect of changes in the terms of trade on saving and capital

flows, and the effects of alternative exchange rate systems or of exchange-
market interventions. The model permits explicit calculations of covariaﬁces
of endogenous variables in terms of underlying exogenous variables. This
affords an important advantage over nonstochastic models in which reiations
between exchange rates, capital flows, investment, and the terms of trade are
derived from comparative statics exercises: the non-stochastic models are not
sutied for a serious analysis of portfolio choice. But the structure of
optimal portfolios plays a critical role in generating the joint stochastic
behavior of exchange rates, capital flows, and investment in equilibrium.
This is illustrated in the resuits of Section 5.

Section 2 describes the setup of the model including the optimization
problems solved by foreign and domestic representative househoids. Section 3
discusses equilibrium. Section & discusses the roles of capital flows in the
model, and Section 5 presents results on theoretical covariances between

capital flows, investment, the terms of trade, and the exchange rate.



2. The Model

We examine a world economy with two countries, two goods, and a flexible
exchange rate between the two moneys. The two countries are completely
specialized in production. QOutputs of the goods depend on the countries'

capital stocks and two random variables,

Xy = X(kt’et) (2.1a)
and

ot ats

ye = vikiseg)s {(2.1b)

where x, and y, are outputs of the domestic and foreign goods, kt and kt are
the domestic and foreign capital stocks, and ¢, and et are exogenous random
variables (possibly vectors). We assume kt is permanently fixed,] SO y; is
exogenous. We also assume that only the foreign good can be used for domestic
investment, and that domestic capital completely depreciates after its use.2
investment transforms foreign goods at time t into domestic capital at time
t+l, so y; - kyqg equals total world consumption of the foreign good in
equilibrium at time t.

There are representative households in each country who choose

consumptions and portfolio allocations to maximize

d d)

Sy, 0<p <, (2.2)

-t
E, Z:=t BT " U(x

where xg and yﬁ are consumption of the domestic and foreign goods by the
household at time 7. The utility function U(s) and discount factor f are
identical across countries. We assume U(.) is concave with ny = 0. This
assumption of additively-separable utility is very important because it makes
the model block~-recursive and permits us to obtain an explicit solution to the

model .
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Let Pt and Pi denote the own-currency prices of domestic and foreign

goods and e, denote the exchange rate. Let Mt and N, be the guantities of
domestic and foreign moneys the household owns at the beginning of period t,
and let (wt—l)r_‘\t be a lump-sum transfer payment (or tax) the domestic
household receives during period t, where Rt is the money supply at the
beginning of the period, and , is one plus the money-growth rate, i.e.
Rt+l/ﬁt' Let g4 be a vector of the househol!d's non-money assets that pay 5y
in interest or dividends at t and have price g4 at t. By “non—moneyf_assets
we mean all assets other than domestic and foreign currencies. We measure 5+
and q, in units of domestic goods, that is, dividends and prices in home
currency are deflated by the home <currency price of home goods. Let
(qt+5t)qt dencote the inner product Zi(qit+5it)qit‘ The budget constraint of

the domestic household is then
/P [M, + e Ng + (=DM T + (q,+84) ay (2.3)
> x3 4 (e, P¥/p)yd 4 (1/P)[Mu, + e Ny 1] +
z Xy tht/ T/ Ve IPe) ey tht+] Arai+-

The budget constraint of the representative foreign household is
analogous but with (wt—l)ﬁt replaced by et(wz-l)ﬁt.
in addition to the budget constraint (2.3), the households face finance

constraints (cash-in-advance constraints)

d
My 2 Py oxy (2.k4a)
and
N, 2 P¥Y (2.bb)
t =t Yoo .

where ;t is the household's total purchase of foreign goods at t, which
equals the purchase of foreign goods for consumption, y%, and the purchase of

investment goods. Investment is discussed below.
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This formulation of the household's optimization problem corresponds to

the following scenario. The household begins period t with moneys Mt and N,,
and with non-money assets q,. The household observes the current state of

the economy, the vector s {to be specified below). Then the household

t
purchases goods using sellers' currencies,-subject to the finance constraints
(2.4). After goods markets close, asset markets open. All interest and
dividend payments are made at this time, and assets may be traded. The lump
sum transfer (tax) from the government is made during asset market trade.
Note that this timing prevents these transfers from being used to finance
consumption during period t.3 Asset market trades are constrained by (2.3),
given (2.4).

Our assumption that trade in goods precedes trade in assets each period
is only a timing convention and has no economic conseguences. We assume,
tentatively, that (i) asset-markets and goods-markets are alternately open for
trades, (ii) households acquire the information s, after asset-markets close
but before subsequent goods-markets close (and acquire no additional
information until after the next round of asset-markets is closed), and (iii)
transfer payments from the government (or tax collections) occur while asset-

L

markets are open. This timing is illustrated in Figure 2.1.° We later relax
assumption (i) and permit continuous trade in assets (see page 19 and
footnotes 4 and 12).

Any asset that pays its dividends or interest physically in one of the
currencies (rather than physically in goods) is permitted in the medel. Also,
firms are permitted to issue assets that reguire the owner to deliver to the

firm units of the foreign good that the firm can use as capital. Thus,

domestic firms purchase capital through agents--the owners of assets issued by
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period t (or t+l)
with an alternative
{(but economically-equivalent)
timing convention
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Figure 2.1
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the firm who are required to deliver foreign goods to domestic firms as
(negative) dividends on these assets.5 Firms choose investment to maximize the
valQe of the firm (see below).

The solution to the optimization problem of the domestic representative
household, who maximizes (2.2) subject to (2.3) and (2.4), gives the value

function v(M,N,q,M,N,k,s) implicitly defined as

max U(x%,yd) + grvMLN L g RLR Lk, s ) dF (s') . (2.5)

Here non-primed variables refer to period t, and primed variables to period
t+1. F(s') is the conditicnal and unconditional distribution function of the
exogeneous state vector s', that is, we assume that the states are serially

uncorrelated. The maximization of (2.5) is subject to

”MM + WNN + ﬂM(w-])R + (g+8)a 2 Xd + pyd + nMM’ + 1rNN' + gq', (2.6)
”MM > xd (2.7a)
and
N2 py? -
NN o= pY 0,15], (2.7b)
where gy = 1/P and ™ = e/P = ery are the home goods prices of home and

foreign money, p = eP*/P is the "measured relative price" of foreign goods
(see Section 3 below), a and 5] are the first elements of the vectors g and
8§, and by convention the first asset in g is o¢one whose '"dividend" is an
obligation to deliver k.., units of foreign goods to domestic firms at time t.

The dividend 81, which is measured in home goods, is then

81t = "Prkisy- (2.8)



Necessary conditions for maximizing (2.5) subject to (2.6)-(2.8) are, in

addition to (2.6) with equality,

U, x4y = A+ (2.9a)
u, 6%y = e, (2.95)
BIN'+u') mpdF (s') = Amp, (2.9¢)
BION+u") mydF (') = Amy,s (2.9d)
Bin'{aj+s)dF(s') = aq,, i#1, (2.9e)
BIIN' (qi+81) + »'§)1dF (s)) = Aay, (2.9f)
d d =
ayM - xT 20, y 20, (gyM-x")pu =0, (2.9g)
and
NN - py? + ayéy 20, p 20, (TrNN‘PYd+a]5])V = 0. (2.9h)

Here, A, u, and p are the multipliers associated with the constraints (2.6),

(2.7a), and (2.7b), and use has been made of the facts that

vy = (Atp) mys (2.10a)

vy = (W) my (2.10b)
and

Vo = ()\(q]"‘ﬁ]) + V5], >\(Cl2+62) ’---’>\(qJ+5J))y (2.10c)

where g has J components. There is a set of necessary conditions analogous
to (2.9) for the optimization problem of the representative foreign household.
We now turn to the optimization problem of domestic firms. The domestic

firm is defined as a set of assets (a],az) with (ex-dividend) prices (q],qz).
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We assume that asset-quantities are fixed and we define units so that the

gquantity of each asset associated with the representative domestic firm is

6

one.  The value of the firm is then q; t a,- Owners of the firm (the assets

aj and az) choose a complete contingency plan for investment (and, therefore,

7

output) to maximize the value of the firm.

The asset g; has already been discussed: it is a contract obligating
the owner of the asset (who can be thought of as a purchasing-agent employed
by the firm) to perform a service, viz. deliver Keg physical units of capital

+ -~ he F£lem At ime~ —acoat
L tnc [ IR AR O R b |!ls asatc L

—

-
fa

——

1+ Thic Aalivery e tha
i T inls d€, T 7

[N o F oo A - + £ oo e
ket (rage ait 1, 71O ivery i1s iné

[+}]

(negative) dividenc‘l.(?,]t paid by the firm at t, defined in (2.8). Because the
dividend &, is negative for all t, the asset price q, is negative. (The
absolute value of g;, can be thought of as the present-value of the wages
received by the purchasing agent. A household that buys ag; pays a negative
price q; which is analogous to a one-time wage payment for permanent
employment. If the household sells a; it is terminating the employment
contract and paying -q; >0 for this termination.)

The asset ap, the second element of g, pays as a dividend each period

the firm's gross receipts from selling goods that period, i.e.
62t =X(kt’€t)- (2-]])

This dividend is paid when asset-markets open at period t to current owners of
asset g,. Notice that the dividend consists of gross receipts from the
firm's sales during goods-markets at t.

The value of the firm at period t asset-markets, after dividends 51t

and §,, have been paid, is g, *+ gp;. But (2.9f) implies that a1t satisfies8



-t o
Ay = By Zoopey BT O A )8y /N (2.12)

(-

= By Zo BTN tr )Pk e/ Ay
and, by (2.9e), q, satisfies
Ape = By Zyeper BT 5 A 85,70 (2.13)
= By Zoopey BTN A x (ke ) /A
So the value of the representative domestic firm is (ex-dividend, at t)

-t . _
Ey Zoaper BT DN x(kve) = O +p)p ko 1/0. (2.14)

T

We assume that firms act as price-takers, so each firm treats (xr,pf,pr) as
given for all . Notice that (2.14) involves kKipyrKggrseone But ki is
investment made at t and is predetermined by period-t asset-markets. (The
investment goods were purchased at period-t goods-markets and delivered to
firms for installation at period-t asset-markets.) The complete contingency
plan made by the firm at period-t asset-markets involves kt+2’kt+3""'

At period-t asset-markets the representative domestic firm chooses a
complete contingency plan for (kt+2’kt+3"") to maximize (2.14). This

involves choosing a function kT+](sT,xT,pT,pT,k ,eT), for ¢ = t+1,t+2,...,

T

that satisfie59

BE Dk pype i) = v dpy (2.15)
or

The right-hand side of (2.15) shows the marginal cost of investment at 7 in

terms of foregone consumption. The left side of {(2.15) shows the expected
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marginal benefit: higher capital at 7+1 produces additional output at ¢+1,
and X4y is the marginal utility of this income, which, by (2.9a) and (2.9c),
is the expected marginal wutility of an additional unit of domestic money
carried into period r+2, when income generated by the investment can be spent

by consumers.]0

3. Equilibrium

We now examine an equilibrium in which sy = (et,yt,wt,wz), i.e. at the
beginning of each period households observe the current disturbance to
domestic production €ey» the current level of foreign output Y¢» and the

. ®
current (gross) rates of monetary expansion Wy and (AR

An equilibrium for this model is a set of functions v, Ay u, v, M', N',

a's xd, and yd for the home consumer, another corresponding set of functions
- - % d E d %

for the foreign consumer (including M"', N°', g ', x ' and y ), a capital

stock function k' = K for the domestic firm, and price and dividend functions

9, @wM» @wys P and §. All these are functions of the state variables (M,N,k,s)
where s = (e,y,w,w*). These functions satisfy (2.5), (2.6) and (2.9), the
foreign analogues of (2.5), (2.6) and (2.9), (2.15), and the market

equilibrium conditions

% %
x9 + x9 = x, Yd + yd + K=y, (3.13)
MEo+ M= R, N+ N = )RR, (3.1b)
and
5 -
a' + a "= (]!]!]!_9.) = Qo (3.](:)

where 0 is a vector of 2zeros, and the third element of g, ass is an equity

claim on sales of foreign output, with 63 = py. The supply of asset as is
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assumed fixed and its quantity is normalized to unity. Any other assets in
this model have total supply equal to zero because they will be liabilities to
one household and assets to another, so these other asset supplies are
represented by the zero vector 0 in (3.1c).

Define (recail that ny = 0)

uy (x) = U, (x/2,y), uy (y) = Uy (x,y/2), (3.2)
m= ﬂMﬂ, and n = ﬂNﬁ-

Note that m and n denote world real balances of home and foreign currencies,
measured in units of home goods.

The following is an equilibrium for the model:

ux(x(ksf)) = )\(k,s) + #(k’s)’ (3-33)
uy (y-K(k,s)) = [Ax(k,s) + p(k,s)]p(k,s), {(3.3b)
BIIA(K(k,s),s') + y(K(k,s),s")Im(K(k,s),s')dF(s') /w (3.3¢)

fl

Alk,s)m(k,s),

BIIA(k(k,s),s') + p(K(k,s),s")In(K(k,s),s')dF (s') /o (3.3d)

Alk,s)n(k,s),

m(k,s) - x(k,s) 20, u(k,s) 20, (m=-x)y =0, (3.3e)
n(k,s) - p(k,s)y 20, p(k,s) 20, (n-py)p =0, (3.3f)
uy (y-K(k,s))) = gIN(K(k,s),s") x, (K(k,s),e')dF (s'). (3.39)
Moo= /2, N' = o'N/2, (3.3h)
xd = x(k,e) /2, (3.31)



y [y-Kik,s)1/2, (3.3])

Ak,s)ayk,s) = gr{n(K(k,s),s') [aqy(K(k,s),s") (3.3k)

p(K(k,s),s')K(K(k,s),s")]

y(Kk,s),s")p(K(k,s),s")K(K(k,s),s')}dF(s'),

Alk,s)a; (k,s) = grn(kik,s),s") [a; (K(k,s),s") (3.31)
+ §; (K(k,s),8')]dF (s'), i#1,

f-p(t.s)K(k,s) ifoi=1,

x(k,e) if i=2,
§; (kys) = { plk,s)y if i=3, (3.3m)

(w-Vmk,s) if i=h,

(W= n(k,s) if i=5,

and

a' = (1/2, V/2, V/2, =1/2, 1/2), (3.3n)

Note that many of the functions inciude only (k,s) as arguments and not money
stocks. Also note that (3.3m) defines dividends on two new assets, g, and
as» with worid supplies equal to zero.

The equilibrium solution (3.3) is block-recursive: The seven equaticns
(3.3a-g) form a block in the seven function A\, u, », m, n, p, and K. This
biock has two sub-blocks: the four equations (3.3a,c,e,g) determine the
functions K, m, X\, and p | Then (3.3b,d,f) can be used to determine the
functions n, p, and p.

The equilibrium in (3.3) is a version of the ‘'perfectly pooled"
equilibrium in Lucas (1982). (3.3h) shows that each representative householid

holds the worid per-capita quantity of each money, while (3.3i) and (3.3])
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show that each household consumes the world per-capita output of the domestic
good and net output (after subracting investment) of the foreign good. |f our
model included non-traded goods, then optimal portfolios would allocate larger
shares to domestic than foreign money as in Stockman and Dellas (1985).
(3.3k) and (3.31) yield asset-pricing formulas as in Lucas (1978, 1982) and
Brock (1982).

fnvestment is a function of current foreign output only. (3.3g) implies
that the investment function can be written as K(y) since y is the only
exogenous variable remaining in (3.3g) after integration (see the Appendix for
a rigorous argument). Intuitively, the definition of sy and the assumption
that Sy is independently distributed over time mean that there are no shifts
over time in the function relating the amount of investment to its expected
physical return in units of future home output (or the discounted expected
utility of this output).]1 But variations in current foreign output alter the
costs of investment measured in future home output ({(or measured in current
utility). Higher foreign output reduces the cost of investment, and the
resulting increase in investment allows an exogenous increase in current
foreign output tc be transformed into future domestic output. It is not

surprising, therefore, that (see the Appendix)
0<Ky< 1, (3.4)

i.e. increases in foreign output are used partly for consumption and partly
for investment.

We now turn to real money balances and follow the reasoning developed in
Svensson (198ka,b). There is a critical value of g, &, with the property

that when @ 2 3 real balances of domestic money equal domestic output, and
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when w < @& real balances of domestic money exceed domestic output and are
inversely related to the rate of domestic money growth and positively related

to domestic output. In particular, define

A(Y) = ﬁIUX(X(K()’);e'))m(X(K(Y),el),)",w')dF(S'), (3'53)
and

@ (x,y) = Ay) /u, (x) x. (3.5b)

Then (3.5) and (3.3a,c,e) imply that the functions m, A and y satisfy, for

-~ .
w < QJ()\;\I’)’

m=A(y)/uy (o > x, A =ux), and g =0, (3.6a)
and, for w 2 I{x,y),

m=x, A=A)/x0o Su,(x), and y = u, (x) - Aly) /xw 2 0. (3.6b)

X

Here (3.6a) corresponds to the situation when the growth rate of domestic
money is small (below the critical level F(x,y)) and the liquidity constraint
is not binding (m>x and y=0), whereas (3.6b) corresponds to a high growth
rate of domestic money {(w 2 &) and a binding liguidity constraint (m=x and
u>0) .

The same line of reasoning can be used to obtain an analogous result for

. . . o ?
real balances of foreign currency measured in units of foreign goods, n

Define the functions
2 (k,s) = Alk,s)plk,s), (3.7a)

p ¥ (k,s) = pk,s)plk,s), (3.7b)

n*(k,s) = n(k,s)/plk,s), (3.7¢)
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A% = pru, Ky )Ry R (), (3.8a)
and

5" () = A%/, (K (). (3.8b)

Here A is the marginal utility of wealth measured in foreign goods, which
will play an important role in our discussion below of asset prices and

capital flows. Using (3.7) and (3.8), (3.3b,d,f) imply ékat if w* < 5*(y),

n* = A*/uy (y-K(Y))w* >y, 2" = uy (y-K(y)) and =0, (3.9a)

.. % f . .
while if o 2 @& (y),

n* = Y, 2 = A*/yw* < vy (y-K(y)) and yr = uy (y-K (y)’ -2 0. (3.9b)

Aga%n, (3.9a,b) corresponds to the rate of foreign monetary expansion being
below (above) the critical level a*(y) and the liquidity constraint being
slack (n*<y and p*ao) or binding (n*=y and p*>0).

The ''measured relative price' of foreign goods, i.e., the function p,
can now be obtained from (3.6), (3.9), and (3.7a). Then (3.9) and’(3.7b,c)
determine n and p. It is easy to verify that m, )\, and y are functions of x,

x
*, k*, and p* are functions of y and ¢ alone

y, and o alone {not k or w*): n
. . *

(not k, x, or w); and p, n, and p are functions of x, y, w, and @ (but not

k) . From this point on, we delete the superfluous arguments from our notation

*
for these functions, e.g. A*(y,w*) replaces )\ (k,s).

The nominal price of domestic goods in domestic money is
P(ﬁrerrU) = ]/ﬂn bl ﬁ/m(errﬁ)) (30103)
and the nominal price of foreign goods in foreign money is

P*(M,0") = 1/exy = B¥/nly.0™) - ; r (3.10b)
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The equilibrium described in (3.3) includes five non-money assets: a
and g, together comprise domestic firms, as is the equity of foreign firms,
and two other assets, g and ag pool the uncertainty arising from domestic
and foreign transfer payments or taxes. {3.3k,1) can be used to obtain the
total market value of each of these assets, as in (2.12) and (2.13), or of any
other assets. These yield ''asset-pricing'' equations because we assume asset
guantities are fixed, however we could just as well have assumed asset prices
are fixed and obtained 'asset-quantity' eguations. These approaches are
economically equivalent in any model in which stock splits are irrelevant and
dividends and capital gains are eguivalent (see the Appendix).

We will need to use explicit solutions for asset prices in our
subsequent discussion of savings, investment, capital flows, and the exchange
rate. [t turns out to be practical to express these prices in terms of
foreign goods. The equilibrium prices of the five assets are, when expressed

in units of foreign goods (q?=q/p),

N ale

q) (y,w) = -B]/x*(y.w), (3.113)
Q§ ()’,w*) = Bz ()’) /7\* (Y,w) ’ (3-]]b)
a3 (0" = B3/A (.0, (3.11¢)
% 3 % %

QL} ()’,w ) = BL}/} ()’,w ), and (3’]]d)
q; ()’ ’w*) = BS/}\* ()’,w*) ’ (3-]]&)

where the constants B,, B3, By, and B5’ and the function Bz(y), are given in
the Appendix. The Appendix also discusses the functions A(y) (defined in

(3.5a)) and Bz(y). The sign of the derivatives A, and BZy depend on the

4

elasticity of the marginal utility of home goods,



sign Ay = sign BZy = sign (1-r)) (3.12)
where

Fy = -xuxx/ux.
The implications of (3.12) will be discussed below.

The 'measured relative price" of foreign goods p in the equilibrium
described above does not indicate the number of domestic goods that can be
obtained by sacrificing one foreign good. Domestic goods must be purchased
with domestic money, and foreign goods with foreign money, at goods-markets.
But, in the model described above, these monies can only be traded for each
other at asset markets. The "measured relative pr%ce“ of foreign goods py has
been defined as etPi/Pt, where the exchange rate e, shows the price at which
currencies can subsequently be traded at the period-t asset-market {(after the
period-t goods-market is closed). Fortunately, this 'problem" has an easy
solution: the eqguilibrium of the model 1is unaffected if households are

12 let

permitted to trade currencies at goods-markets as well as asset-markets.
St denote the exchange rate at which currencies trade at period-t goods-
markets. Then the representative household's optimization problem is altered

in three ways. First, a constraint is added equating the values of currencies

bought and sold at period-t goods—markets,
My + stNt - M - 5Ny =0 (3.13)

where Ft and it are quantities of moneys held after engaging in currency
trades at the goods-market. Second, Rt and ﬁt replace Mt and Nt in the
liquidity constraints (2.4) and (2.7). Third, Ft and ﬁt replace M, and N, on
the left-hand-sides of (2.3) and (2.6). Now Ft and ﬁt are chosen by the
representative household. The two additional necessary conditions obtained

can be combined to give
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ST, = —_— (3- 11'4)
()\t+ut) M

u, (ye=Klyy)) Py

= —_—_—,_“———_— e ——
U

*

ux(x(kt’ft)) Pt

This solution for the spot exchange rate is analogous to those discussed by
Obstfeld and Stockman (1985, Section 2.1 and 5.2). Notice, for example, that
a change in tastes for goods alters the marginal rate of substitution on the
{(3.14) and changes the exchange rate even if P and P
unaffected {e.g. if w > & and w > m*).

The relative price at which domestic and foreign goods can actually be

traded by households, what we call the (reciprocal of the) terms of trade, is

which, by (3.14), equals the marginal rate of substitution between foreign and
domestic goods.

The exchange rate prevailing at the period-t goods-market, 5,, can be
interpreted as the spot exchange rate for period-t. As we have noted, our
equilibrium solution for St is analogous to the solution obtained in other
models. The exchange rate prevailing at the period-t asset-market, e,, can be

naturally interpreted as the forward rate. In fact,
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e, = PtP/Pt = Py (3.16)
tMe
-t A~: ?\(J)
= T Py Tiw
N, Nw  Aly)
Row A
t@Wt

where (2.6), (3.7a), and {(3.9) have been used. Using the definitions of A*

and Ay}, the forward rate e, can be rewritten as

- - % %

Hewp Eeluy (Veay kg Npwr/Peyy]

e, = — - (3.17)
Newy Eyluy (e Npwy/Pegy]

Epluy (Veay7kea/Pray]

By [uy (x411) /Pig]

* k4
Et[uyt+1/Pt+]] : [“yt+1/Pt+1

= B (Spyp) *+ 1 13

By Luyes1/Prand Uxt+1/Pra
This expression shows why e, has a natural interpretation as the forward
exchange rate. It can be expressed as the sum of the expected future spot

exchange rate, St+]’ and a term that can be interpreted as a risk-premium.
The form of the risk-premium in (3.17) is analogous to that obtained in other
models, e.g. by Hodrick and Srivastava (1983). Svensson (198La) discusses

some other properties of St and e, in a related model.
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4. Capital Flows and the Current Acccount
4.1 Definitions and Accounting Relations
The domestic country's current account surpius is defined as the change
in its net holdings of foreign assets, that is, as the capital account
deficit.]3 Denote this capital account deficit (current account surplus) in
period t, measured in units of the foreign good, by Ct‘ The total world

values of foreign assets, Vz, and domestic assets, Vt’ are

1 &
b

Vt = qgt + qgt + wini = (53+BS+A*)/ki, (L.1)
and

Vt = q?]:t + q,Z:t + qzt + wtmt/pt = (‘B]+Bz(Yt)"’Bh"’A(Yt)))/)\,{,

both measured in units of foreign goods. Foreign assets consist of shares in
the foreign firm, claims to foreign monetary transfers, and the value of real
balances of foreign money (at the end of the period, that is, including
current transfers). Home assets are the shares in the home firm, including
the commitment to buy and supply investment goods, the claim to domestic money
transfers, and real balances of home money.

Households in the domestic country have, according to (2.6) and (3.3), a

net foreign asset position at the end of period t, F,, given by

F Vi/2 - Vi /2. (L.2)

The first term in (4.2) is due to domestic households' ownership of foreign
assets, and the second is due to foreign households' ownership of domestic
assets. The current account surplus {or capital account deficit) in period t

is therefore

kS

Cp = AFy = (Vi-Vi=Vi+V, ) /2, (L.3)
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where AZ, = 2, - Z,_;. C; can be written equivalently as savings minus

investment if domestic saving, S¢s is defined as the change in domestic

weaith,

S, = AV{/24V,/2), (b.ba)

and domestic investment, ¢, as the change in the value of domestic assets,

Iy = AV,. (4.bb)
Then

I : (4.be)

Similarly, Cy is the sum of the balance-of-trade surplus and the service

account surplus. The trade account surplus, measured in foreign goods, is
defined as
d
TAy = x4 /2Py = yp = kpgy = %¢/2p¢ - (v tK(yy)) /2. (4.5)

The first term shows exports, which equal half of domestic output. The second
term shows imports of goods for consumption, while the third term shows
imports of goods for investment. The service account surplus consists of net

dividends or interest payments and capital gains on all assets,

SAy = Dyy = x¢/pp + Klyy) + (wi—l)ni = {wg-1)my/py (L.6)
+ A(qgt'th‘q§) + A(qgt'qﬁt)

The first two terms in (L.6) are the net dividends on assets 2 and 3 received

by the domestic country. The third term is the (negative) dividend paid on
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asset one. The fourth and fifth terms show net dividend receipts on the
fourth and fifth assets (which represent claims to half the foreign and
domestic monetary transfers). The sixth and seventh terms in (4.6) show
capital gains on foreign equity (Aq§/2) minus foreigners' capital gains on
domestic equity (A(q?+q§)/2) plus capital gains on claims to foreign
transfers (Aqg/Z) minus foreigners' <capital gains on claims to domestic
transfers (Aqt/Z). Finally, the last two terms in (4.6) show domestic
capital gains on holdings of foreign money minus foreign capital gains on
holdings of domestic money. Then the domestic current-account surplus (L4.3)
is the sum of (4.5) and (4.6), Cp = TAL + SAt.

The capital-gains terms in (4.6) could equivalently be interpreted as
dividend or interest-payment terms, and supplies of assets would vary along
with, or instead of, asset prices--see the discussion below (3.10) and in
footnote 6. |If capital gains are excluded (arbitrarily) from (4.6) then the
sum of SAt and TA; does not equal the change in the net foreign asset
position, a fact which should make economists particularly cautious in
interpreting reported current-account data. Also notice that the definitions
of saving and investment in {4.4) are not national-income-accounting
definitions. The NIA definition of gross domestic savings is the difference
between "income" (xt/pt+7t+kt+l)/2 and consumption, i.e. {(in units of foreign

goods)
d d _
(kg /Pty pthesr) /2 = Xp/Py = Vi = Kpyq

The NIA definition of gross domestic investment is kt+1’ so savings minus
investment is zero with NIA definitions, which does nof equal the change in

the net foreign asset position.]h The current account surplus (or capital
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account deficit), defined as the change in the net foreign asset position,
equals savings minus investment only if those terms are broadly defined, as in
(4.4), and equals the sum of the trade account and service account only if all
interest payments, dividends, and capital gains are included as in (L.6). The

NIA income definition arbitrarily excludes capital gains.

4,2 Capital Flows in Equilibrium
The equilibrium net foreign asset position of the domestic country, Feo

can be written as a function of foreign output and foreign monetary growth by

using (k.1), the solution for 2" in (3.9), and the definitions of A(y) and
Bi(y)u i=1,...,5:
Ft = F(ytth) . (14.7>

The equilibrium current account surplus is then, from (L4.3),
Ct = C(Yt.wg,)’t-pw’t‘_])- (L*-s)

Notice that Ct is unaffected by current or lagged values of ¢ or ¢, and
does not depend directly on the current capital stock kt' An increase in €
leads to increased output and consumption of x at t, but does not affect the
value, measured in foreign goods, of any assets. The higher output of
domestic goods raises the dividend payment by domestic firms, and half of this
is paid to fbreign households, so the service account goes into deficit. But
the service account deficit is exactly offset by a trade account surplus as
foreign households import additional domestic goods.]5 Similarly, a higher
initial capital stock ki raises domestic output without affecting the capital

account.
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An increase in current foreign output raises both its consumption and
investment. The increase in consumption of foreign goods lowers the current
marginal utility of wealth measured in foreign goods, X*, and so raises the
value of both foreign and domestic assets measured in current foreign goods,
Vi and Vt‘ The effect of increases in both V* and V on the current account
depends upon the sign of F, net foreign assets. Increases in V* and V raise

the absolute value of net foreign assets, so they cause a current account

surplus if net foreign assets are positive and deficit if net foreign assets

are negative. An increase in current foreign output a

lso raises investment
and next period's capital stock. This raises future domestic output. The
increase in future domestic output lowers its relative price (in terms of
current foreign output). (3.12) and (4.1) show that this raises the value of
domestic firms and the value of domestic money (and so raises the value of
domestic assets) if and only if the elasticity of the marginal utility of home

goods, is smaller than one. Assuming r, < 1, this effect causes a current

rX’ X

account deficit because half of the increase in the value of domestic assets

goes to foreign households. So, if ry < 1, an increase in current foreign

output causes a current account deficit unless net foreign assets are

sufficiently positive.

. . . % % 3
An increase in foreign monetary growth, wl, has no effect on kt i f w;

is initially below the critical level 5* defined in (3.8), in which case the
liquidity constraint is not binding. In this case a change in w* has no
effect on the current account. But if w* is above the critical value then an
increase in w* reduces k* and raises the value of both foreign and home

assets, leading to a current account surplus if net foreign assets are

positive and deficit if net foreign assets are negative. intuitively, an
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increase in wx raises the capital loss on money obtzined by selling current
foreign goods and so reduces their value. This raises asset values measured
16

in units of current foreign goods.

Summarizing two of these facts to be used below,

sign F = -sign{l-r_) and F * = 0, (L.
g Y1F=0 S X w lF=0 9)

where r, is defined below (3.12).

5. Capital Flows, Investment, and Exchange Rates

This section presents resuits on the stochastic behavior of the current
accouﬁt, investment, the terms of trade, and the exchange rate in our model's
equilibrium. We use a second-order Taylor series approximation to calculate
covariances of endogenous wvariables in the model. This method of
characterizing the modei's equilibrium has two advantages over comparative
statics exercises. First, the covariances implied by a model can be directly
compared to —covariances in empirical data. Second, the method s
theoretically appealing because the ©probability distribution describing
changes in exogenous variables is included in the model. In contrast,
comparative statics exercises examine effects of changes in exogenous
variables assuming that agents in the model place probability zero on such
changes. The approximation we employ for the covariances is discussed in the

Appendix.

5.1 Capital Flows and Investment
The influence of saving and investment on capital flows and the current
account have been widely discussed recently, see e.g. Obstfeld and Stockman

(1985) and Sachs (1983). As discussed above, the national income accounting
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measures of savings and investment do not lead to equality between the change
in the net foreign asset position and the excess of savings over investment,
since capital gains are excluded. Empirical measures of investment that

inciude changes in the value of the existing capital stock are not readily

available. In the following, we examine the correlation between the current
account and physical investment, the latter defined as kyyy - kis rather than
comprehensive investment given by (k.bb). The covariance between capital

flows (the current account surplus) and investment implied by our model is
cov (Ct’kt'*'}—kt) = COV(F (Ytyw"t:)'—F ()’t-],w;{_]) ’ K(Yt) -K (Yt_])) (5-])
= 2cov (F (yrwy) » Klyg))s

where we make use of the serial independence of y and w.
The covariance between capital flows and investment can be rewritten,

using the second-order Taylors approximation in the Appendix, as

cov (Cyrkyaky) T 2F K 00 + 2F (5.2)

y'y @y w* Ry Ty

where 05 is the variance of foreign output and Oy is the covariance of
foreign output and foreign monetary growth.
First consider the case when F=0, i.e. starting from a zero net foreign

asset position.]7 Then (4.9) and (5.2) imply
sign cov(Ct,kt+]—kt) = -sign(1-r ). (5.3)

If the net foreign asset position is close to zero, increases in investment
are associated with current account deficits if and only if the elasticity of
the marginal utility of consumption of home goods is less than one. The

condition that r, < 1 prevents the increase in future domestic output from
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reducing its value sufficiently to lower the current value of domestic firms.

With r, < 1, the increased investment from higher foreign output raises the
value of domestic assets. Part of this increase goes to foreign households,
creating & current account deficit. Also notice the direct effect of the

variance of foreign output on the covariance: in the neighborhood of zero net

foreign assets, an increase in the variance of foreign output raises the

18

absolute value of the covariance between capital flows and investment.
If F <0 then the first term in (5.2) is still negative and Fox < 0, so
the second term has the opposite sign of the covariance between foreign output

and money growth. If F >0 and r, <1 then the first term in (5.2} is

ambiguous in sign and Fw' > 0, so the second term has the sign of Oy The

” LY

ambiguity in the first term, if net foreign assets are positive, reflects two

opposing effects of an increase in foreign output. First, higher foreign
output increases investment and the value of domestic assets if re < 1. This
tends to create a current account deficit. Second, higher foreign output

lowers its value, and so raises the value of assets measured in terms of
current foreign output. This '"interest rate effect'" raises asset values and
therefore raises the absolute value of net foreign assets. If F >0 this
tends to create a current account surpius. These two opposing effects make
ambiguous the sign of the first term in (5.2) if F > O and ry < 1. The second
term has the sign of the covariance between foreign output and money growth
because an increase in foreign money growth lowers the value of current
foreign output, k*- I f Oy > 0 then the value of foreign output is lower
particularly when foreign output is high, and this creates a positive relation
between investment and the value of domestic assets measured in foreign goods,

which implies a positive correlation between investment and the current

account surplus.



5.2 Capital Flows and National Outputs

The covariance implied by the modei between the domestic current account

surplus and foreign output is
cov (Cyuyy) = cov(F(yprwy) -F(yioprwia)) s Yy) (5.4)

< °F

+ 8 .
yoy * Funoygn

If the elasticity of the marginal utility of domestic output, r,, is less than
one, then Fy is negative unless net foreign assets of the home country are
sufficiently positive. Then, if foreign output and foreign monetary growth
are uncorrelated, (5.4) is negative. Increases in foreign output would then
be associated with current account deficits.

The covariance between capital flows and domestic output is

COV(Ct,Xt) = COV(F (Ytﬁh)zg)_F (yt_]y(a.);:_])yx(K ()’t_]),et)) (5-5)
T -F X K 02 + x (Foo, . *F +0, ..)
~ T yTkyYy e Y% ¢ witlwre’

If domestic productivity shocks are uncorrelated with foreign productivity
shocks and foreign monetary growth, then the second therm in (5.5) is zero.
The first term has the opposite sign of Fy, so, e.g. if ry < 1 then the
covariance is positive unless F is sufficiently positive (see footnote 17).
in this case, increases in domestic output would be associated with current
account surpluses. This positive relation between C* and x is diluted, and

possibly reversed, if Oye >0, i.e. if foreign and domestic productivity

shocks are correlated.
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5.3 Capital Flows and the Terms of Trade

The covariance between capital flows and the relative price of foreign

goods is

cov(Cy,py) = cov[F(yt,wt) (5.6)

- Flygoprwpog) sUy (g =Ky ) /U, (XK () s e))]

~ . 2 2
-
= Fy[uyyux(] hy)ay + ”yuxxXkKygy

%
T UyUyUxxX e Oy el /ud T Fagrluyyux 0-Ky) oy
+ u U, x. K - U U, X ]/)\*u2
y xx7k "y Oy yUxx* e Pw¥e x*

Suppose that net foreign assets are zero, so the valuation effect in the last
three terms vanishes, and that foreign and domestic productivity shocks are
uncorrelated, so that the third term vanishes. Then the sign of the
covariance has the opposite sign of Fy’ since the first two terms are
negative. So, by (k.9), the covariance has the sign of (1-r ). Intuitively,
increases in y lower the relative price of foreign output at the same time
they increase domestic investment. The greater investment raises the value of
domestic assets and so creates a current account deficit if and only if
Fy < 1, so increases in the terms of trade are positively correlated with
current account deficits (and investment) in this case. |f foreign and
domestic productivity shocks are positively correlated then this relation is
diluted (or reversed) because increases in domestic output reduce (or reverse)
the effect on the terms of trade. |[f net foreign assets are not zero, then

disturbances to productivity and to foreign money growth affect the value of

existing net foreign assets measured in units of foreign output.



5.4 Capital Flows and the Exchange Rate

The exchange rate is a nonstationary random variable in our model,
because money supplies are nonstationary, so we cannot calculate the
covariance of the level of the exchange rate with other variables. The first-
difference of the logarithm of the exchange rate is, however, stationary.]9
The covariance implied by the model between capital flows and the rate of

change of the exchange rate is

cov(Ct,St-St_]) (5.7)
la) A:v( A 2 )
iy -K.) - + - + - ' + ,
< ZEWY(T hy) Ay Xy xy (WX xx)xkhy/ZJ[Fyoy waon*]
A
) 2[Wxxes ) xxxe][FYOYe i Fw*oew*]
N
N % 2
(2xw*+]/w )[Fyon* + kaow*]’
where W, = dinu,/dx, Wy = dlnuy/dy, and '\A' indicates a logarithm, e.g.
A
A, = dinA/dy. This complicated expression can be simplified considerably if

4

both domestic and foreign monetary growth rates are nonstochastic, so that

(5.7) becomes

A A
cov(Cy,S:-S¢q) (5.8)

- ~ el Ay A 2
T 2w, (1=K = Ay + Xy = Ay + (WymN ) XKy /2]F oy

A
- Z(WX‘XX)XGFYOYG.

In order to interpret this expression, consider first the case in which

domestic and foreign productivity shocks are uncorrelated, Oye = 0.
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Suppose that the elasticity of the marginal utility of domestic goods is

. I AY . . A A V
unity, r, = 1. Then {(3.12) implies Ay = 0, so Ky = 0. Further, suppose that

X

the analogously defined elasticity of marginal utility of foreign goods is

A
less than or equal to unity, r, < 1. Then we have wy(l—K o= Al 2 0.20

y y y In

this case the covariance in (5.8) takes the sign of Fy which equals the sign
of F because Fy = | (see footnote 17). So if net foreign assets are positive
then currency depreciation is associated with current account surpluses, while
the opposite result is obtained if net foreign assets are negative.
fntuitively, this result is entirely due to the revaluations of assets that
accompany changes in foreign output.

Next, suppose that net foreign assets are zero so that this revaluation
effect is absent, but assume that the elasticity of the marginal utility of
each good is less than one. Then the term in brackets in (5.8) would be

A
positive except for the term involving Ay, which is arbitrarily small if

1 - r is small.zl

x In that case the covariance is negative, so currency

depreciation is associated with current account deficits. However, if ry is

~A
small encugh, the term in Ay dominates and the covariance is positive, so

currency depreciation is associated with current account surpluses.

The intuition behind these results is as follows. There are no interest
rate effects on the current account operating through the value of existing
assets because net foreign assets are zero. Increases in foreign output
reduce its relative price with an elasticity less than unity when the
elasticity of marginal utility of foreign goods is less than one. If the
liquidity constraints are binding for both monies, then P*, the foreign-
currency price of foreign goods, falls with an elasticity equal to one to

maintain equality of money demand and money supply. The domestic-currency
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price of domestic goods, P, is unaffected because of domestic money market
equilibrium. |f the exchange rate were to remain unchanged, then the relative
price of foreign goods would fall by the same percentage as the rise in
foreign output. In order to achieve the smaller, equilibrium fall in the
relative price of foreign goods, domestic currency must depreciate, i.e. the
exchange rate must rise. Because the elasticity of the marginal utility of

domestic goods less than one, the increased investment brought about by higher
foreign output creates a current account- deficit for the domestic country,
which accompanies the currency depreciation. The increase in investment and
future domestic output lowers the expected rate of domestic inflation. |If the
liguidity constraint is not binding in the domestic country then this
reduction in the cost of holding domestic money raises its demand, which
lowers the domestic currency price of domestic goods. This tendency toward
currency appreciation is reflected in the term involving?y in (5.8). |If this
term is sufficiently large then the covariance is positive, so currency
depreciation is associated with current account surpluses. This effect is
stronger the larger the increase in investment and the larger the interest
elasticity of the demand for money. {f the liquidity constraint is binding
for domestic money but not for foreign money then P remains unchanged and P*
falls with an elasticity less than unity, because Fy < 1. But because some of
the increased foreign output is used for investment rather than consumption,
the fall in the relative price of foreign goods is smaller than the fall in
P*; so domestic currency must depreciate, and this depreciation is accompanied
by a current account deficit. If the liquidity constraints are not binding
for either money then domestic currency may either appreciate or depreciate,

again because the expected increase in future domestic output lowers expected
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domestic inflation and raises the demand for money, which creates a tendency
for appreciation. The tendency for appreciation with a current account
deficit is larger the smaller the elasticity of marginal utility of domestic
goods, because a smaller elasticity implies a larger increase in the value of
future domestic output {given the increase in the physical volume of its
output) . Currency depreciation is more likely to be accompanied by a current
account surplus the larger the elasticity of marginal utility of domestic
goods, the more interest elastic the demand for investment, and the larger
interest elastic the demand for domestic money. |f domestic and foreign
productivity shocks are positively correlated, and if the elasticities of the
marginal utilities of both goods are less than one, then the last term in
(5.8) is positive, which «creates an additional tendency for currency
depreciation to be associated with current account surpluses. This occurs
because increases in domestic output have no direct effect on capital flows,
but lead tc currency appreciation through the increased demand for domestic
money . If these increases tend to occur simultaneously with increases in
foreign output, which '(through investment) cause domestic current account
deficits, then currency appreciation and current account deficits would tend

to occur together.

6. Conclusions

International capital flows can be thought of as arising from two types
of exogenous changes: (1) those that alter the international distribution of
a fixed level of world wealth and (2) those that alter world wealth and affect
its relative composition in foreign and domestic assets. Previous work on
international capital flows has, as far as we know, completely disregarded

this second source of international capital flows. We have focused on this
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source, and examined the relations between capital flows, investment, output,
the exchange rate, the terms of trade, and other asset prices. We explicitly
calculate covariances of endogenous variables as functions, implied by the
theory, of parameters of tastes, technology, and the stochastic processes of
the exogenous variables. The covariances depend on such parameters as the
degree of intertemporal substitution in consumption, the sign and magnitude of
net foreign assets, the marginal product of capital, and the variances and
covariances across countries of shocks to productivity and rates of monetary
growth.

Rather than repeating the results di;cussed above, we mention here some
of the limitations of our analysis and its possible extensions. Qur model is
(we think) the first international general equilibrium monetary asset-pricing
model with endogenous investment and production, and our analysis the first to
examine rigorously-derived endogenous capital flowsAin an intertemporal asset-
pricing framework. The most severe limitation of our model is one of the most
difficult to deal with: the perfectly pooled equilibrium. This has prevented
us from incorporating into the model capital flows caused by international
redistributions of a fixed level of world wealth. The greatest hope for
progress in this area probably lies in the application of aggregation results
for limited classes of utility functions in which the allocation of resources
is invariant to the distribution of wealth. Other limitations of our
analysis, which are not as difficult to relax, include our concentration on
serially uncorrelated disturbances. We have also ignored information about
changes in the prospective rate of return to investment, which would generate
an additional source of disturbances to investment and international capital

flows. The cash-in-advance setup we have used is easy to employ and gives
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intuitively plausible results, but it relies on a very rigid transactions

structure (e.g. a fixed payments period). Also, we have assumed an asymmetry
in production, with only foreign goods used as capital in the domestic
country.

Despite these limitations, we believe the model has already proven
itself wuseful in analyzing covariation in investment, capital flows, and

exchange rates, and we believe there are other interesting extensions for
which the model will be useful. First, the model should shed new light on the
retative variability of exchange rates and price levels. Preliminary work
indicates that variable velocity and investment both promocte increases in the
variability of exchange rates. Second, the model could be used to examine
international repercussions of fiscal and monetary policies. Finally, the
model should be able to provide new insights into the relations between

changes in exchange rates, capita! flows, and interest rates.
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Footnotes

Alternatively, k can change exogeneously over time with only minor
alterations in the model.

Note that if not all capital depreciates, there is joint output in the
home country of home goods and foreign goods (old capital). This
introduces serial correlation in world output of foreign goods, which
complicates the model.

This assumption is made by Svensson {(198k4a,b). |In Stockman (1980), in
contrast, transfers are made at the beginning of the period, just prior
to goods market trade, so transfers can be used to finance current
purchases.

These timing assumptions make it possible to characterize analytically
an equilibrium with a variable, endogenous velocity of money as in
Svensson (198k4a,b). In particular, a positive nominal interest rate is
consistent with variable velocity of monies. 1In contrast, Lucas {(1982)
assumed that information becomes availabie at points 2 and 4 in Figure
2.1 (along with transfer payments) rather than at points 1 and 3. With
information available at points 2 and L, asset trades occur after all
information about the subsequent goods-market has been received, and
positive nominal interest rates then imply a fixed velocity of money.
When asset prices are evaluated before all information (regarding the
subsequent goods-market) is available, as in our model, positive nominal
interest rates are consistent with a variable velocity of money.
Stockman (1980) assumed that transfer payments occur at points 1 and 3
in Figure 2.1 (along with information) rather than at points 2 and k.
This resuits in endogenous, variable velocity of money but makes

intractable a compliete analytical characterization of the equilibrium.
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This scenaric means that firms do not hold money, which simplifies the
model .
With this assumption, we can solve for equilibrium asset prices, as in
(2.12) and (2.13). Alternatively, we could define units of assets so
that their prices are fixed (e.g. at one), and solve for equilibrium
asset-quantities. The point is that the model determines total asset
values: see the discussion on page 18, and part & of the Appendix.
There is no conflict in equilibrium between the interests of owners of
a and owners of as» because all households own the same proportions of
both assets. in a more general mode! in which the owners of Q) and as
were different, a conflict of interests might arise similar to the usual
conflicts between interests of stockholders and bondholders (see, e.g.
Jensen and Meckling, 1976).
We ignore bubble-solutions.
Note that if there is no uncertainty and the ecscnomy is in a steady-
state equilibrium, {2.15) becomes xk(k) = (UY/UX)(w/ﬁz) where o is the
rate of domestic inflation plus one, so the capital stock varies
inversely with inflation across steady-states, as in Stockman {1981).
The choice of kr+1 cannot be conditioned on So+1 (the exogenous vector
describing the state of the economy) because capital in place for
production at s+1 must be purchased and installed at 7.
The independence of s over time means both that the probability
distribution of the future productivity shock ¢' is fixed over time and
that the distribution of future foreign and domestic money growth is
fixed over time--variations in the Jlatter would affect investment

through the channel discussed in Stockman (1981).
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Other =assets may also be traded at goods-markets. See Svensson
(198La,b) .
There are no central bank transactions in foreign exchange markets in
this model.
The number zero is a result of our (arbitrary) assumption about how
asset returns are split between dividends and capital gains (which are
excluded from the NIA measures). Generally, with NIA definitions,
savings minus investment depends on this split, though the change in net
foreign asse
If the utility function were not separable in consumption of domestic
and foreign goods, then increased consumption of domestic goods would
alter the value of assets measured in foreign goods and could affect the
current account. Also, if domestic productivity shocks were serially
correlated then a productivity shock would affect expected future
domestic output and, therefore, the value of domestic firms. This would
alter the current account.
ff the capital account is measured in units of domestic goods then it is
a function of w, and w¢-7 rather than wt and wt_].
The results in the following discussion c¢an be derived from
Fy = (Bzy+Ay)/2A* - Fxt/x*. The first term has the opposite sign of
(1-r,) and the second terms has the sign of F.
and K,, but the effects are second-order.

4 Y

The first-difference of the level (not log) of the exchange rate is

Changes in 03 also affect F

nonstationary, because larger absolute changes are required for the same

growth rate if the exchange rate begins at a higher Jlevel. We have
A ~ -~ AN P A A % - - A
S=uy-ux+)\’)\“+A("A+w'2’+M'N,and AS=A(AY'

', o R
+A -A) which is stationary.
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L)

We have, with W(y) = 1nuy(y-h(y)) and ry = —yuyy/uy,
A '

wy(l-Ky) = —(ry/y)[y(]-Ky)/(y-K(y)]. Furthermore, ky = -ry/y i f

w* < mﬁ(y) and xi = -1/y if w* > aﬂ(y), from (3.9). The term in

brackets is the elasticity of consumption of foreign goods, din(y-
K(y))/diny. If this elasticity is not much above unity, we have
W, (1-K)) - A% 20

Y Y XY -

This is obvious from inspection of (5.8), from footnote 20, and from the

A A
facts that ky 2 0 and Xx < Q.
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APPENDIX

1. The Derivation of K (y)

Consider K{(k,s) K(k,e,y,w,ufw as the solution to (3.39).
Differentiate (3.3g) with respect to k to obtain

uyy(-Kk) = B (N xpt N xp ) dF (s') K, . (A.1)
But u . # BI (X PN X ) dF (s'), so K,

K. =K =K . =0.
€ W w-

= 0. Similarly, it can be shown that

Differentiation with respect to y gives

Ky = uyy/[uyy + 5j(x¢x&+k'x&k)dF(s')].

(A, 2)
But Uyy < 0, X < 0 and by (3.6) A =

= N X, < 0, and (3.4) follows.

2. Derivation of Equilibrium Asset Prices

Asset prices, for any assets, can be obtained from (3.3k,1), as in
(2.12) and (2.13). The procedure follows Lucas (1978).

Svensson (1983, 1984)
discusses asset-pricing in more detail in related models.

We will need to use
the explicit solutions for asset prices in the

subsequent discussion

of
savings, investment, capital flows, and the exchange rate.
From (3.3k) and (3.3b) we get
= - «© 7-t - % = -
Atdit = "By Zoope B uy (v =Ky DKy ) = ~By, (A.3)
where B, > O is constant. This can be rewritten as
) (xayaw) = “By/A (X, y,0) - (A.4)

But q? = q;/p and k* = Ap, so (3.11a) follows. From (3.31) we have

@™ -t
Mt = By Zosta 87 Ardigs (A.5)
and it follows from (3.3m), (3.6)

and (3.9) that
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a; (X,y,w) = By (y) /A (X,y,0) (A.6a)
q3(x,y,w) = 83/x(x,y,w) (A.6b)
ay (x,y,w) = By/A(x,y,0) and (A.6c)
dg (x,y,w) = Bg/A(x,y,0), (A.6d)
where
By () = By Z3apey BT N MKy, o) ve )y e )X (Kiy o)) he ), (A.72)
By = By ZT_oiy BT 5 APy, = By Zooge BT U AN 00Dy (A.7b)
By = Ey Z7ot4 g7t Ay lw -Dm (A.7¢)

= By E:=t+1 g7t Aly ) (w1 /w,
and

-t ¢ o« -t %o, & %
By = Ey ZTopsy BT " A (w -Dn_ = E, Zote BT A D) /0 (A.7d)

In (A.7b) we have used (3.7a) which implies that B3 is constant. in (A.7c,d)
we use that \ m_ = A(yr)/wr and \_.n_ = A /wr' So B, and B; are constant.
The asset prices (3.11) follow directly from (A.6), (3.7a), and the definition

Qi = q,/p.

3. The signs of Ay (y) and 52y {y)

From (3.5a) and (3.6) it follows that

A(Y) = ﬁfw'< mn(A(Y')/w')dF(S') (A.S)

+ BIyre grux (X(K(Y) . e'))x(K(y),e')dF (s') .

Hence,
Ry = Bl s grux (-ry) x, (K(y),e')dF (s') and (A.9a)
sign Ay = sign(i-r), (A.9b)



assuming that sign(i-r,) is independent of x.

From (A.7a) and (3.6) we have

By(y) = BINX(K(Y)se') sy ' w')x(K(y),e')dF (s') + B,
= Bl < Uy (XK, e))x(Ky),e')dF (s')
+ Bl g Aly') /w')dF (s') + By,

where §2 is a constant. This implies

BZy = ﬁjw‘< m'u;((]'rx)xk(K(Y) ,e')dF (s')
and

sign BZy = sign(1-r ).

4. Quantities and Prices of Assets

Consider kt and y, as exogenous stochastic processes.

44

(A.10)
(A.112a)
(A.11b)

Consider some

Asset j, a claim to Yy Note that this need not be interpreted as a claim to

foreign output (as in the paper). The price of j is
Gy = BE;Dhpa @ra Y ea)) 10

The corresponding ex-post return is
Resr = @eeytyes=ap) /ap4 -

The supply ay of this claim is fixed at unity,

at=].

(A.122)

(A.12b)

(A.12¢c)

Now consider an alternative asset, Asset k, which pays dividends Yo

has the price Y, and pays the ex-post return ﬁt. The variables fulfill, of

course,
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qt = ﬁEt[Rt.,.](th'*'VtH)]/)\t (A.13a)

and

Et'*‘] = (?I't+]+'7t+]"qt) /at+]~ (A.]Bb)

Now specify that Asset k has the same return as Asset j, and a constant price,

that is,
and
qt"f'] = | (A-]3d)

What is the corresponding dividend y.? it follows directly from (A.13b) and
t Y

(A.13d) that Et+] = Y¢+1 and hence by (A.13c) we have

Consider next an equilibrium where Yt is the revenue of a firm, and
ownership of the firm is equiv;lent to owning the constant guantity (at = 1)
of Asset j, with the firm paying all its revenue as dividends on Asset J-

Consider now an alternative equilibrium, where ownership of the firm is
equivalent to owning a variable quantity d, of Asset k. At the beginning of
period t, the outstanding quantity of Asset k is dy- The firm distributes
dividends 4.y = ath. Any excess of dividends over revenues is covered by

further issue of Asset k, according to the budget constraint

qt(at+l°at) =GRy - vy (A.15)
It follows from (A.15), (A.13d) and (A.13b) that 4y = gy implies

Qi+ = 9 (A.16)

and the value of the firm is still qt-
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We conclude that the split between changes in quantity and capital gains
for assets is arbitrary. Equilibria with assets with constant quantity and
variable prices are eguivalent to equilibria with appropriately defined assets

with variable quantity and no capital gains.

5. Approximating Covariances
Let the vector X be stochastic and let f(X) and g(X) be two real-valued

functions. Then Cov[f(X), g(X)] is approximated by the formidable expression
FEL(X-EX) (X-EX) 'Jgy + FyEL(X-EX) (X-EX) 'gyy (X~EX)1/2 {(A.17)
+ gyE[ (X-EX) (X=EX) "fyy (X-EX)]/2
+ EL(X-EX) ' fyy (X-EX) (X-EX) 'gyy (X-EX) 1 /4,

where fy and fy, denote the gradient and Hessian of f(X) (evaluated at EX),
respectively, etc., where all non-primed vectors are column vectors, and where
a prime denotes transpose. That is, the covariance depends on the gradients
and Hessians of f(X) and g(X) and the second, third and fourth moments of the
probability distribution for X. VDisregarding third- and fourth-order moments
leaves the first term, which can be written fiaixgx with aix = E[(X~EX) (X~
EX)']. Letting X = (y,w), f(X) = F(y,w) and g(X) = K(y) we get (5.2). See

Svensson {1984b) for further use of this approximation.
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