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Dynamics of a Floating Exchange Rate Regime

Elhanan Helpman and Assaf Razin
Tel-Aviv University

We study the full equilibrium dynamics of a two-country world
economy with a floating exchange rate, traded and nontraded goods,
and explicit modeling of the use of money. The resulting exchange
rate equation depends on several details of the economic structure,
such as the supply structure and propensities to spend on various
goods. Although real exchange rate movements have the usual as-
sociation with the current account, the ordinary exchange rate may
appreciate or depreciate when there are deficits on current account
even when the quantities of money do not change. Deviations from
purchasing-power parity and the Fisher equation are shown to be
the rule rather than the exception.

I. Introduction

We study in this paper the dynamics of a simple two-country world
economy with a floating exchange rate. Each country produces traded
and nontraded goods. Consumers maximize the discounted flow of
utilities, with the level of utility depending on consumption of traded
and nontraded goods. There exist in these economies well-defined
demand functions for money that are derived from the institutional
structure in which money buys goods but goods do not buy goods.
The use of national monies is modeled as in Stockman (1980) and
Helpman (1981). This specification generates an exchange rate equa-
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FLOATING EXCHANGE RATE REGIME 729

tion in which the exchange rate is equal to the relative supply of
monies divided by the relative real demand for monies, where the
relative demand expresses the world’s relative demand for each cur-
rency. In our model the demand for a country’s money derives from
transaction needs and depends on the world’s desired spending on
goods which are produced in that country. As a result, the relative
demand for monies depends not only on aggregative variables, such
as wealth, but also on the details of the sectoral structure of the
economies on the supply side and on propensities to spend on various
goods. This novel feature stems from the microeconomics of the
monetary mechanism and has, as we show, interesting implications
for exchange rate dynamics. Real factors play a major role in our
exchange rate equation.

The dynamics of our model are driven by savings behavior; we do
not deal with investment (see, however, Helpman and Razin 19815).
We show that, during the adjustment process, deficits on current
account are associated with depreciations of the real exchange rate
(the price of traded goods in terms of nontraded goods), but that
there exists no clear-cut association between deficits on current ac-
count and ordinary exchange rate movements. In the presence of a
single traded good, deficits on current account are associated with
depreciations of the exchange rate. However, if there is more than
one traded good, deficits on current account may be associated with
either depreciations or appreciations of the exchange rate (even in the
presence of passive monetary policies). The resulting association de-
pends on the cross-country correlation between marginal propensities
to spend on each traded good and a measure of its relative availability
in that country. Hence, real exchange rates and ordinary exchange
rates may be either positively or negatively correlated along the ad-
justment path.

The behavior of GNP deflators and consumer price indices along
the adjustment path is also analyzed. Using these indices, we explain
deviations from purchasing-power parity and the Fisher equation,
which we show to be the rule rather than the exception. Finally, we
discuss the effects of both anticipated and unanticipated monetary
shocks. Anticipated monetary shocks have no real effects in our
model. Unanticipated changes in money supply do, however, have
real effects arising from the redistribution of real wealth. This redis-
tribution stems from capital gains and losses which arise from the
existence of nominal claims (see Boyer 1977).

In Section 11 we describe our basic model. The equilibrium time
pattern of prices, interest rates, and exchange rates is described in
Section 111, where we show that this equilibrium path is unique. The
effects of monetary shocks are analyzed in Section IV. In Section V,
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we discuss an extended version of the model which incorporates
terms of trade effects. The final section contains a selective summary
and a discussion of the central role played by the monetary mecha-
nism.

II. The Model

Our model is essentially the floating exchange rate regime model
discussed in Helpman (1981). There are two modifications required
for present purposes: (a) the introduction of a nontraded good and
(b) an infinite time horizon. There are two countries, a home country,
H, and a foreign country, F. We assume the existence of discrete time
periods (t = 0, 1,2, .. .). At the beginning of each period all financial
markets open and operate: markets for bonds, denominated in each
currency, and foreign-exchange markets. After the clearance of these
markets, consumers buy goods with money. Home goods are sold for
home money, while foreign goods are sold for foreign money. There
is a single traded good, T, and each country has a single nontraded
good, N.* Output levels, Q,y, [ =T, N,k = H, F, are the same in every
period (QFr, €.g., is the output of the traded good in the foreign
country). Firms are assumed to produce the output levels described
above. During a given period they sell their output and accumulate
money. At the end of the period, they distribute the accumulated
money balances as factor and dividend payments. The supply of
factors of production is completely inelastic.2 Home firms are owned
by home residents, while foreign firms are owned by foreign resi-
dents.

Governments engage in monetary policy by transferring their
country’s money to their residents. The quantities of money at the
beginning of period ¢ are 1\71,“, k = H, F, and the evolution of these
stocks is given by My, = My + 3L X,,,t = 0, 1,2, ..., where My is the
stock of country-k money inherited at 7 = 0 from the past, and X, is
the monetary injections at the beginning of period 7.

Each country is represented by a representative consumer who
maximizes a discounted flow of utilities, where the temporal utility
level depends on the consumption of traded and nontraded goods.
Foreign and home traded goods are perfect substitutes in consump-
tion. A consumer faces a sequence of budget constraints. Aggregate
liquidity at the beginning of period ¢ is determined by monies carried
over from the previous period, by dividend and factor payments, by
monetary transfers from the government, and by borrowing net of

! We will introduce two traded goods in Sec. V in order to deal with terms of trade
effects. Meanwhile, terms of trade effects are neglected.
2 We discuss the effects of elastic labor supply in Sec. IV.
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debt repayments. This is split at the beginning of the period, via the
foreign-exchange market, into home and foreign currencies. These
money stocks impose liquidity constraints. Part of the money is spent
on goods during the period, while the rest of it is carried forward to
the next period. Home goods are bought with home money, while
foreign goods are bought with foreign money. In period ¢ = 0, there
are currency k—denominated debt repayments By, k = H, F, which
have been inherited by the home country from the past and which are
unalterable in period ¢t = 0 (the foreign country’s debt repayments are
minus By, and minus B p). Finally, there is a terminal condition on
debt repayment—debt is not allowed to grow forever at a rate that
exceeds the rate of interest. This is the infinite horizon analogue of
full debt repayment at the end of a finite horizon. A formal descrip-
tion of this structure is given in Helpman and Razin (1981a).

An equilibrium of our world economy, relative to given monetary
policies, consists of commodity prices py, k = H,F,l = T,N; exchange
rates ¢, (the price of foreign currency in terms of home currency); and
interest rates ix, k¢ = H, F, such that the maximizing variables of the
individual decision problems in each country satisfy market clearance.
The markets which have to clear are: (¢) each country’s nontraded-
goods market, (b) the world’s traded-goods market, (c) each country’s
money market (the world’s demand for each currency should equal
its supply), and (d) the markets for each country’s currency-
denominated debt (the world’s excess demand for each currency’s
denominated debt should be zero).

It can be shown (as in Helpman [1981]) that in an equilibrium of
our economy, two parity conditions must be satished:

Put = ey (1)

and
1+ ip= (1 + tp)esles, (2)
allt = 0, 1,. ... The first parity condition describes the law of one

price for traded goods, while the second describes the interest rate
parity condition.

Due to these parity conditions and the fact that there are no restric-
tions on debts (except for a solvency constraint), the sequence of
consumer budget constraints can be reduced to a single budget con-
straint in which the present value of spending is smaller or equal to
the present value of income net of debt, that is, wealth. In equilib-
rium, wealth can be represented as the present value of output minus
debt. For details see Helpman (1981). Then, it can be shown thatin an
equilibrium with perfect foresight, the home country’s consumption
levels are solutions to the following problem:
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Choose

{cr6 Cune} =0 (3)
to maximize

o©

z Shug(Cre, Cune),

t=0

subject to

Z di(prrecr + quneCune) < z d(prreQur + quneQun) — (Broleo) — By
t=0 t=0
and )

Cre, Cune = 0, (5)

where ¢y, = consumption of traded goods in period ¢; ¢y = con-
sumption of home nontraded goods in period ¢; 6, = discount factor
(0 < 8y < 1); uy(:) = utility function; quy: = pune/e, = the price of
home nontraded goods in terms of foreign currency; and d, =
MZi(1 + ip,)~! = present-value factor, using foreign interest rates,
with d, = 1.

Using asterisks to denote foreign decision variables, the foreign
country’s consumption levels are a solution to the following decision
problem:

Choose
{C;’ C;I;Nt};x;o (31)

to maximize

[]s

Btf‘uf‘(cip C?Nt)’
t

o 1

z Al(prreciy + Prvicin) < z di(prreQrr + praeQrn) + (Buoleo) + Bro
t=0 t=0 (41)
and

C?t’ cive = 0. (5"

Observe from (4) and (4') that each country’s present value of spend-
ing is constrained to be less than or equal to the present value of its
output, plus an indebtedness term. The indebtedness term stems
from past borrowing and its net value across countries is zero; that is,
the debt of one country is the credit of the other.

It is clear from problems (3) and (3’) that as of period ¢t = 0, the
perfect-foresight equilibrium paths of consumption depend on mon-
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etary policies only to the extent that they affect the real value of the
net indebtedness account (Byole;) + Bro. This is, in fact, the single
channel through which monetary policy may have real effects in our
perfect-foresight world.?

It can be shown that whenever the nominal interest rate on a
particular currency-denominated debt is positive, no one will use this
currency for store-of-value purposes in that period (see Helpman
1981). For simplicity, we will consider only monetary policies which
assure positive interest rates in each country and in every period. In
this case, all money will be used for transaction purposes. Hence, the
demand for a particular country’s money is equal to the value of the
world’s demand for its goods. Since in equilibrium (a) the world’s
demand for each currency equals its supply and (b) the world’s de-
mand for each good (with nontraded goods being only locally de-
manded) equals its supply, these relationships imply an equality
between each country’s value of output and the stock of its money at
the beginning of the period:

et([’F’rth—lT + qHNtQHN) = A_’Im (6a)

and
PrreQrr + prveQrn = Mp,, (6b)
fort = 0, 1,.... Observe that (6a) relies on the law of one price (1).

Here, the velocity of circulation equals one, and changes in the inter-
est rate do not affect it as long as the interest rate stays positive. This is
so because individuals already hold minimal balances necessary to
finance the required level of consumption.

III. The Time Pattern of Prices, Interest Rates,
and Exchange Rates

In order to demonstrate the dynamics of prices, interest rates, and
exchange rates, we develop an explicit solution of our model. We
assume the following forms of utility functions:

uy(cr, can) = aprlog cr + agylog cyn + gu
agr, agy > 0, apr + agy = 1 (7a)

8y = —Qnur log oy — QN log agn

3 See Sec. IV for a discussion of additional channels.
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and
up(cy, ciy) = aprlog cf + apylog cky + gp
apr, apy > 0, apr + apy = 1 (7b)
8F = —Qpr log Apr — QN 10g Apy.

In order to solve problems (8) and (3'), we adopt a two-stage
procedure. We concentrate only on problem (3), since the solution to
(8'), for the foreign country, is derived in a similar way. Our proce-
dure consists of separating the temporal allocation of spending be-
tween the two goods from the intertemporal allocation of spending.
This separation is possible with the utility functions described by (7),
since it yields an indirect utility function which is additively separable
in prices and spending. Let

Z,= Prrecre + GuneCune (8)

be the home country’s spending in period ¢ in terms of foreign
currency, and let

W, = z di(prreQur + quntQun) — (Broleo) — Bro (9
=0
be the home country’s net wealth in terms of foreign currency at the
beginning of period zero. Observe that net wealth depends on both
prices and interest rates that will prevail over the entire horizon. We
assume at this stage that W, is finite, but we will show that this is
indeed the case when we calculate the equilibrium values of prices and
interest rates and the exchange rate ¢,. However, W, is not a decision
variable of the consumer at time ¢ = 0 (although he influenced its
value in period ¢t = —1).
The indirect utility function of (7a) is:

vu(prr, qun, Z) = —ayrlog ppr — ayy log quy + log Z.

Hence, the optimal allocation of spending as implied by (8) is the
solution to: Choose {Z,}%, to maximize 22,8} log Z,, subject to
320diZ, < Wy, Z, = 0. The solution to this problem yields:

t
Z,=<1—8H>(%WO),z=o,1,2,.... (10)
t

Itis easy to show that Wy8%/d, is net wealth at the beginning of period
t.* Hence, our individual spends at each period a constant fraction

* Changes in indebtedness can be directly calculated from changes in wealth (the
current account). See Appendix A for the calculation, as well as for a proof that W84 /d,
is period-t wealth.
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(1 — 8y) of his net wealth at the beginning of that period; thatis to say,
(1 — 8p) is the marginal, as well as the average, propensity to spend
out of wealth.

Now, using the demand functions which are derivable from (7a), we
obtain the following demands:

Cry = aHTZt/[’FTt (11)
and
CHNt = aHNZt/qHNt- (12)

Applying a similar procedure to problem (3'), we obtain the following
demands by the foreign country:

C?{ = apTZ;k/pFTty (13)

C?M = aFNZ;k/pFNU (14)
Z*—(l—&)stpw*) 15

¢ = Nz Wo) (15a)

and
W = z dl(prrQrr + prnviQrn) + (Broleo) + Bro. (15b)
=0

Observe that the sum of the wealth variables W, + W equals the
present value of the world’s output (see [9] and [15b]). Hence, one
country’s liability is the other country’s asset.

Using (6) and the equilibrium conditions in commodity markets,
combined with the demands (11)-(14), we obtain:

prreQur + quneQuy = Mple,, (16a)
PrreQer + prneQry = Mpy, (16b)
quneQun = aunZy, (17a)
PeneQen = apyZfs (17b)
and
prrdQur + Qur) = aprZe + aprZ (18)

Conditions (17) are equilibrium conditions in nontraded-goods mar-
kets, while (18) is an equilibrium in the market for traded goods.
Observe that, given the net wealth variables W, and W¥, (16)-(18),
together with (10) and (15a), determine the equilibrium time path of
prices, exchange rates, and the foreign interest rate factors. (The
domestic interest rate factors can be derived using the interest rate
parity condition.) Combining (10) and (15a) with (16b), (17b), and
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(18), we obtain:
d, = M5} [Oprapr(l — 8) Wby

(19)
+ (aFN + OF'TaFT)(l - SF)W(TS?‘]’t = Oy ly L)

where 0pr = Qpr/(Qur + Qpr) is the share of foreign traded goods in
the world supply of traded goods.

In order to have positive foreign interest rates in all periods, the
stock of foreign money must not decline too fast. This is seen from
(19) by observing that the expression in the brackets declines over
time (0 < 8, 8 < 1), while M, is the stock of foreign money in
circulation at the beginning of period ¢. Clearly, if foreign money
increases over time, d, declines over time, which implies positive
interest rates in all periods. We assume that the money supply behaves
SO as to assure positive interest rates.” Observe also that there is an
initial condition d, = 1, which must be satisfied. We take care of this
condition at a later stage.

Finally, consider the Fisher equation. Since (1 + ip) = d/dy,,
equation (19) implies lim, . (1 + ipp) = lim, o (M g1 /M pe)lmax (8,
8x), provided this limit exists. Suppose the rate of foreign monetary
expansion goes to a finite limit wr and let 8 = 1/(1 + pg). Then 1 +ip,
approaches (1 + wp)[1 + min (py, pr)l, which means that the long-run
nominal interest rate equals (approximately) the rate of monetary
growth plus the minimal rate of time preference. The minimal rate of
time preference determines the long-run real interest rate. Here, in
the long run, the Fisher equation holds; that is, in the long run the
real interest rate equals the nominal rate of interest minus the rate of
inflation. As we will show later on, the rate of price increase is, in the
long run, the same for every good. Hence, it does not matter which
price index is used to calculate the rate of inflation. This also means
that the real interest rate is the same in terms of each commodity and
is identical across countries. However, during the adjustment process,
relative commodity prices change systematically, and real interest
rates differ for different commodites. In this case, the real interest
rates, as commonly calculated, are not equal across countries during
the adjustment process, except in special cases. Namely, the dif-
ference between the nominal rate of interest and the rate of

® Negative interest rates are clearly not possible in an equilibrium, because they imply
an infinite excess demand for debt. Zero interest rates are, however, possible. With a
zero interest rate on a particular money-denominated debt, this money becomes a
perfect substitute for debt for store-of-value purposes. However, unlike in Helpman
and Razin (1979, sec. 1) and Kareken and Wallace (1981), this need not lead to
indeterminacy of prices and exchange rates, due to the fact that here only money is
used for transaction purposes.
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inflation—when the rate of inflation is calculated with the aid of a
general price index—is not the same in every country.

Now consider equilibrium prices and exchange rates. Combining
(18) with (19), (10), and (15a), we obtain the time path of traded
goods’ prices:

D = M, aurZ, + aprly
Frt =
Qur + Qer  OpragrZ, + (apy + Oprapr)Z¥

From (16b), (17b), (19), (10), and (15a), we calculate the time path of
prices of the nontraded goods:

(20)

M Ft apnZ,
Qun OprayrZ, + (apy + Opropr) ZE

(21)

Gunt =

and

My, anZf
QF‘N Oprayrl + (apy + OFTaFT)Z;k.

The exchange rate is calculated from (16a), (20), and (21):
_ My, apyZ¥ + Op(aurZ, + aerZ¥) - My,

il D= Mgz, zn. @3
My apnZ, + Oyr(anrZ, + oprZY) M g

Prnve =

(22)

€y

The exchange rate equals the relative supply of monies divided by the
relative real demand for monies. Here, there exists only a transactions
demand for money. For example, amyZy is the foreign country’s
demand for foreign money needed to purchase nontraded goods,
while ayZ, + aprZ7 is total world spending on traded goods, with a
fraction @7 falling on foreign-made traded goods, which generates a
corresponding demand for foreign money. The relative real demand
for money, K(Z,, Z¥), can be written as:

OrranrZ, + (apy + Opropr)Z}
(any + Oprayr)Z, + OyraprZf

K(Z,Z¥) = (24)
Since Oprayr < apy + Oprapr and Oppopr < agy + Oyrayr, K(-) is
decreasing in Z, and increasing in Z*.°

In order to understand the behavior of prices and exchange rates,
consider the case 84y > &p. In this case, the foreign rate of time
preference is larger than the home-country rate of time preference.
For present purposes, assume also that there are no changes in the
supply of monies. This implies (via [10] and [15a]) that home
spending—measured in terms of foreign currency—increases over

8 Observe that Oprayr — apy — Oprapr = —1 + Oppayr + Oyragr. The last two terms
represent a weighted average of ayr and apr, both smaller than one. Hence, the
weighted average is also smaller than one.
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time, while foreign spending—also measured in terms of foreign
currency—declines over time.” These shifts in spending increase the
demand for nontraded goods at home and reduce the demand for
nontraded goods abroad, which results in an appreciation of the real
exchange rate at home and a depreciation of the real exchange rate
abroad.® Moreover, the increased demand for home nontraded goods
increases the domestic currency price of nontraded goods, which
requires more home money for transactions in the market for non-
traded goods. This leaves less home money for transactions with
home firms producing traded goods, thereby reducing the home cur-
rency price of traded goods. In the foreign country, nominal prices
move in the opposite direction. Since the foreign price of traded
goods rises while the domestic price falls, the exchange rate ap-
preciates at a rate that exceeds the rate of change (in absolute value)
of either price of traded goods. In the limit, all prices rise at the rate
of money growth.

Observe that in the present model, spending is proportional to
wealth (see eq. [10] and the subsequent discussion). Hence, as we show
in Appendix A the country with rising spending (in the present
example the home country) experiences a surplus on current account
(accumulation of wealth), while the country with declining spending
experiences a deficit on current account (decumulation of wealth).
This means that deficits on current account are associated with depre-
ciations of the real, as well as the ordinary, exchange rate, while
surpluses on current account are associated with appreciations of the
real and the ordinary exchange rate.

If there is growth in money supplies, the preceding discussion re-
mains valid but needs a slight reinterpretation. Everything that we
said about home prices should be interpreted as applying relative to
the trend in home money growth, while for foreign prices the
relative yardstick is foreign money growth. Finally, the behavior of
the exchange rate is relative to the differential trend in rates of money
growth. The trend in real exchange rates is independent of monetary
policies that are fully anticipated.

We close this section with a discussion of price indices. First, con-
sider the GNP deflator. Since all money is used for transaction pur-
poses and outputs are fixed, the rate of change in the GNP deflator in
each country equals the rate of growth of its money supply.? Since the

7 However, independent of money growth, the spending ratio Z,/Z{ rises over time.
For 8, < 8 this pattern is reversed and so are all other patterns discussed below.

¥ For a similar result see Razin (1980).

¥ The foreign country’s GNP deflator in period ¢, with the base period being ¢ = 0, is
(PrreQrr + PrneQen) (PrroQrr + prnoQry). With use of (6b), this GNP deflator reduces to
Mp/Mp,.
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rate of change in the exchange rate is not equal to the differential in
the rates of growth of money supplies (unless 8, = ), purchasing-
power parity (PPP) on GNP deflators does not hold, except in the limit
(as t goes to infinity). If, say, the home country is running a surplus on
current account, the difference between the rate of increase in its
GNP deflator and the GNP deflator of the foreign country will exceed
the rate of depreciation of the home currency.

Now the rate of change in the GNP deflator is not equal to the rate
of change in the consumer price index (except in the limit as ¢ goes to
infinity). For the utility functions we have used there is an exact cost of
living index, which is P g, = (prre) *FT(ppar) °FN for the foreign country.
Let us call this index the CPI. A similar index is defined for the home
country. It is shown in Appendix B that the CPI increases faster than
the rate of monetary expansion in the country that runs a deficit on
the trade account (not the current account!) if it also has a higher rate
of time preference, and it rises more slowly than the rate of monetary
expansion in the other country. If the deficit country has a lower rate
of time preference, its CPI increases more slowly than its rate of
money growth with the opposite taking place in the surplus country.

IV. Responses to Monetary Shocks

We described in the previous section the time paths of prices, ex-
change rates, and interest rates. These time paths were based on the
assumption that the economy evolves along a perfect-foresight
equilibrium path. Observe, however, that our equilibrium time path
depends on the values of W, and W, which represent present-value
wealth of each country. These are endogenous variables, which de-
pend on the equilibrium time paths of prices, exchange rates, and
interest rates. This dependence is of no consequence for the qualita-
tive description of the intertemporal equilibrium but is of major
importance for the description of responses of the economy to shocks.
Hence, we need to find a fixed point of (W,, W¥). Having found this
fixed point, we consider unanticipated monetary shocks as well as
anticipated monetary shocks.

In order to solve for W, and W, we must also solve simultaneously
for the exchange rate in period zero. We form, therefore, a three-
equation system which enables an explicit solution.

From (10), (15), (16b), and (19), we obtain:

OFTaHTWO —_ OHTapTVV:)k + EHOeal = _EFO‘ (25)
Now, imposing the initial condition d, = 1, we obtain from (19):

Opranr(l — 8)Wo + (apy + Oprapr)(1 — 8)WE = Mpo.  (26)
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Finally, evaluating (23) at¢ = 0, and using (10), (15a), and (26), we
obtain:

(auy + Ouroeur)(1 — 8)Wo + Opropr(l — Sp)W§E — Mygest = 0. (27)

Equations (25)—(27) provide a system of linear equations in W,, W§,
and ¢;'. It is immediately clear from this system that the solution does
not depend on the course of monetary policies beginning with period
1. Hence, anticipated changes in monetary policy have no real effects,
since we have shown in the previous section that real variables depend
only on this triple (given the parameters of the system).

This observation is important because it had been argued in the
literature that a change in the rate of monetary expansion (which
means, in effect, a change in future quantities of money with no effect
on the present stocks), as well as a future once and for all change in
the quantity of money, have immediate effects on the exchange rate
as well as real effects on the equilibrium time path along which the
economy evolves (see, e.g., Calvo and Rodriguez 1977; Dornbusch
and Fischer 1980; and Liviatan 1981).7° In the present framework,
effects of this nature do not exist. This finding is in line with the
findings in Helpman (1981). It is, for example, easy to see that an
anticipated increase in the money supply of the home country in
period ¢ increases the exchange rate in period ¢, ¢, by the rate of
increase in the stock of money, while an anticipated increase in the
foreign money supply reduces the exchange rate in period ¢ by the
rate of increase in the stock of money. The exchange rate does not
change in periods in which there are no changes in the stocks of
monies.

Our results concerning the effects of anticipated monetary shocks
on the current exchange rate and the evolution of real variables over
time stem from the following features: (a) there is no direct link
between nominal variables and output levels; (b) the velocity of circu-
lation is constant; (¢) current spending depends on a definition of
wealth which takes into account all future incomes; and (d) there is
perfect foresight. Under these circumstances, an anticipated mone-
tary injection increases prices and the nominal exchange rate at the
time of the injection, as well as the nominal interest rate in the
preceding period. As a result, current real-wealth levels, and there-
fore also real-spending levels, do not change. Due to the constancy of
the velocity of circulation, the real demand for money remains con-
stant, too. Hence, there is no change in the exchange rate and in the
real equilibrium; future exchange rates and interest rates bear the full
burden of adjustment to anticipated monetary shocks.

1 These studies assume full price flexibility. Clearly, with price rigidity real effects
are expected to arise.
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In all the studies cited above, except Helpman (1981), the velocity
of circulation is interest elastic, which implies an immediate link
between anticipated monetary shocks and the current exchange rate.
This, per se, need not affect real variables, unless it also generates
wealth effects. In Calvo and Rodriguez (1977) and Dornbusch and
Fischer (1980) these wealth effects arise from the fact that their wealth
variable does not take into account future incomes. Hence, the in-
teraction between the interest-elastic velocity of circulation and the
definition of wealth generates real effects. On the other hand,
Liviatan (1981) does take into account the effects of future incomes
on current spending (the neglect of this link is the subject of his
criticism of Calvo and Rodriguez). However, since he introduces
nominal assets as variables in the utility function, changes in the rate
of monetary expansion produce real effects because they correspond
to changes in the relative price of these “goods.”

Our model can be extended in several directions so as to produce
real effects of anticipated monetary changes. We would, for example,
generate such effects by adding elastic labor supply with wages being
paid at the end of each period (see Wilson 1979) or by introducing
investment opportunities (see Helpman and Razin 19815; and Stock-
man 1981). In both cases there exist distortions which depend on
the course of monetary policy.

Once the real equilibrium depends on monetary policy, there exists
also an incentive to change the payments period, which we have
assumed to be fixed. However, changes in the payments period affect
the velocity of circulation, thereby producing additional links between
anticipated monetary policy and current exchange rates. There also
exist, of course, links which can be introduced via Tobin-Baumol-type
considerations in the demand for money, or links which arise from
uncertainty and imperfect capital markets, as in Helpman and Razin
(1982). While such elaborations may be very useful, they are outside
the scope of the present study.

In the present system, unanticipated changes in the money supply
have real effects which stem from the fact that they change the real
value of international indebtedness. If the composition of debt is such
that an unanticipated change in the money supply does not change
the real indebtedness positions, then no real effects arise. For exam-
ple, suppose By, = 0; that is, there are no international debts de-
nominated in home currency. Then it is easy to see from (25)—(27)
that W, and W will not change as a result of an increase in My, and
the exchange rate ¢, will increase in the same proportion as the
increase in M. This will have no real effect. On the other hand, if
there is no international debt in foreign currency, then changes in
M, have no real effect.
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Without unanticipated changes in monetary policy, equations
(25)—(27) provide a solution of the initial conditions which are needed
for a complete description of the equilibrium time paths of all eco-
nomic variables that we described in the previous section. Note that
these time paths, as well as the initial conditions, are uniquely deter-
mined. This implies that with perfect foresight there is a unique
equilibrium, and we need not assume that the economy chooses a
particular perfect-foresight path (e.g., a stable-arm path) as is done in
some studies (see, e.g., Calvo and Rodriguez 1977; Liviatan 1981).!

Now suppose that, at time ¢ = 0, the monetary authority of the
home country unexpectedly increases the domestic money supply in
period zero, with no change in the money supply in all subsequent
periods.' In order to compare the new equilibrium with the equilib-
rium that would have resulted had not the domestic money stock been
increased, we need only to compute the change in W, and W and
then see how this affects the course of all variables that were discussed
in the previous section. From (25)-(27) we calculate:

dW 1 =
dT:O = A o '‘Bro(apy + Oprapr)(1 — 8p), (28)
dW:)k 1 1R
—— = ¢y 'B 01 1-96 s 29
M g A 0 ‘B robrroyr( H) (29)
and
dey' M 1 —
_3)___1-110_ = — MyoOpraprl(apy + Oprapr)(1 — 8p)
dMHO €9 A (30)
+ Onrapr(l — 8p)l,
where

A= _MHOOFTaHT[(aFN + Oprapr)(l — 8p) + Opropr(l — ou)l (31)
— Byo(l — Sp)(1 — Sy)lapr(ayy + Oyrayr) + apnOprapr].

It is explained in Appendix C that the existence of a solution with W,
> 0 and W§ > 0 requires A < 0. Hence, we confine our discussion to
this case only.

Itis clear from (30) that the exchange rate depreciates as a result of

" Our argument is valid only if an equilibrium exists. But an equilibrium fails to exist
only if the solution to (25)—(27) yields a negative value of W, or W¢. This may indeed
happen if either By, or By, is too large in absolute value. In this case, one of the
countries is not able to repay its debts even if its consumption is zero in every period
(see Appendix C).

' In order to analyze a permanent monetary injection, we have to combine the
following analyses with the analyses of an anticipated permanent addition to the stock
of money in all future periods.
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a domestic monetary expansion. However, when we combine (30)
with (31) it can be seen that the rate of depreciation is smaller than the
rate of monetary expansion when B, > 0 and larger than the rate of
monetary expansion when Buo < 0. In the absence of indebtedness
denominated in local currency, the rate of depreciation is precisely
equal to the rate of domestic monetary expansion. Here the effects
stem from a redistribution of wealth; with By, > 0 home wealth
increases and foreign wealth declines, while with Byo < 0 home wealth
declines and foreign wealth increases.

One can use (28)—(30) to describe the shifts in the time profiles of
prices, exchange rates, and interest rates that result from an unantici-
pated change in the domestic money supply. Here we describe only
the possible effects on exchange rates (see, however, Helpman and
Razin [1981a] for a discussion of prices, interest rates, and real ex-
change rates). If Byo > 0, then it is clear from (23) and (30) that,
following the unexpected monetary expansion in period 0, the entire
profile of exchange rates shifts downward starting from period 1.
However, in period 0 the exchange rate rises at a lower rate than the
rate of money injection (a type of undershooting). If, however, B, <
0, then starting from period 1 the entire profile of exchange rates is
higher than without the monetary injection; while in period 0 it is
higher, but by a rate which exceeds the rate of the monetary injection
(a type of overshooting). These two cases are described in figures 1
and 2, where the heavy lines describe the path with the monetary
injection, while the broken lines describe the path that would have
obtained without the unanticipated monetary injection.

V. Terms of Trade Effects

So far we have discussed the adjustment process and the effects of
monetary policies in a world economy in which there exists a single

T‘—— %< Myo(new)
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traded good. This framework does not enable us to analyze the
behavior of the terms of trade. However, apart from the intrinsic
interest that exists in the behavior of the terms of trade, the presence
of more than one traded good may alter a central link that was
discussed in Section 111, as well as in much of the existing literature,
namely, the positive association between deficits on current account
and exchange rate depreciations. An extension of our framework to
the case of several traded goods (we shall employ two traded goods)
enables us also to deal with the association between exchange rate
movements and movements in the terms of trade (see, e.g., Stockman
1980). We shall show the precise links in both cases, and make it clear
that the movements can be in different directions.

For the purpose at hand, we define the utility function for the home
country (cf. eq. [7a]) to be:

Uy(Cy, Co Cuy) = ayplog e, + ayzlog e, + agylogcyy + gu,
Qpyy, Oy, Ay > 0, @y + oy + agy =1, (7a")

gn = —ay logay — ay log oy, — ayy log ayy,

where ¢, and ¢, are two traded goods. The utility function for the
toreign country is extended in a similar way.

Outputs of the traded goods are now Qxy, Qus, Qry, and Qr,, and we
have new shares in world output levels, 8y; = Q g/ (Q pi + Qr;) and 0p; =
Qri/(Qui + Qri),i = 1,2. Spending is defined as Z, = 2; ppucic + quniCum
tor the home country, where p is the price of traded good ¢ in terms
of foreign currency. Foreign spending is similarly defined. Net-wealth
variables W, and W are defined as before—the present value of
output minus debt—except that output now consists of three sectors
instead of two.

It is straightforward to show that, in the present framework, each
country continues to spend a fixed fraction of its wealth in every
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period, as described by (10) and (15a). Given this spending level, a
country allocates its spending among all three goods according to
the a shares.

The equilibrium conditions (16) must be adjusted in order to reflect
the existence of two traded goods. Thus, in (16a) and (16b), country
k’s value of output of traded goods, pprQr, should be replaced by
2ipriQri, and equation (18) should be replaced by a similar equation
for every good :.

Employing the procedure that was used in Section III we can easily
derive the counterparts of equations (19)-(24). For example, the
counterpart of (19) will look the same as (19) except that 6pragr will be
replaced by 3;0rian; and Oprapr will be replaced by Z;0pap. We
abstain from repeating calculations and concentrate in what follows
on new issues which arise due to the existence of terms of trade
effects.

Let us begin with a discussion of the real exchange rate. This
concept is, in fact, not well defined in the literature. Sometimes the
reference is to the price of traded goods in terms of nontraded
goods—as we have done in previous sections—while at other times
the reference is to the price of foreign exchange in terms of ex-
portables. The second concept is closely related to the terms of
trade. We will reserve the term “real exchange rate” for the relative
price of traded goods in terms of nontraded goods.

We have seen that, in the presence of a single traded good, the
relative price of the traded good—the real exchange rate—rises over
time in the country with a deficit on current account and falls in the
surplus country. Thus, there is a positive association between real
depreciations and deficits on current account. In order to discuss this
issue in the present framework, one needs to employ a price index of
traded goods. However, we can show that the price ratio of every
traded good to the nontraded good increases over time in the deficit
country and falls over time in the surplus country. Hence, inde-
pendent of the price index, there exists a positive association between
real depreciations and deficits on current account.'

In order to analyze the link between deficits on current account and
the terms of trade, we compute the relative price of traded goods:

Pru Q,H2 + QF2 . agZy + amZ;k

TIE =

Pra Qui + Qry el + opZF

(32)

B A straightforward calculation shows that pr/guwe = (Qui + Qri)lam + ap(Z¥IZ)Y
(aunQun)- The right-hand side is a decreasing function of Z,/Z, while Z,/Z] rises over
time if the home country runs a surplus on current account, and it falls over time if it
runs a deficit.
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It is clear from (32) that 7, is an increasing function of Z,/Z} when
api/ags > ap/ap, and it is a decreasing function of Z,/Z*¥ when
ayi/ag, < aplap,. Hence, if the home country runs a surplus on
current account, that is, Z,/Z¥ rises over time, then in the first case the
relative price of good 1 rises, while it falls in the second case.

Observe that the relationship between deficits on current account
and the shift in the relative price of the two traded goods depends
only on the consumption parameters, a. Our conditions are, in fact,
the same as in the transfer problem—the relative price of good 1 rises
if the surplus country, whose spending rises, spends at the margin
relatively more on good 1 than on good 2.'* However, in order to
know the dynamics of the terms of trade, we need to know which
country exports good 1 and imports good 2. This depends both on
consumption parameters, e, and on the supply levels, Q. In fact, it is
possible to produce cases in which one country exports both goods
while the other imports both goods, which makes meaningless the
definition of the terms of trade in that case. In closing this discussion,
we wish to emphasize that it is clear from our analysis that even in
cases in which the exportable good of a country is well defined, such
as in the case in which each country produces only one traded good,
there may exist a positive or a negative association between the terms
of trade and the deficit on current account.

Let us now consider the nominal exchange rate. Using the present
version, we calculate:

My, C (2i0piagi)Z + (apy + 30pap) 2]
My (apy + 20pi0)Z, + (2:0gi000) ZF

(33)

The expression following the ratio of stocks of money on the right-
hand side of (33) represents relative real demands for money—the
ratio of the world’s real demand for foreign money to the world’s real
demand for home money.

Differentiating (33), we find that the sign of 8¢,/0(Z,/Z}) is the same
as the sign of:

a = 2i(Opoy; + Ogiap) — 1. (34)

Observe that, either if there is a single traded good or if ay /ey, =
apilap,, then a < 0,'" and changes in the nominal exchange rate are

' The sign of (ay, /ayg) — (g, Jag,) is the same as the sign of [ayy /(1 — ayy)] + [ap/(1
— apy)] — 1, which is the standard criterion in the transfer literature, where a4 is the
marginal propensity to spend on good j in country k.

'»To see thata < 0 in these cases, observe that, in the first case, we have a weighted
average of a’s minus one, which is negative because each « is smaller than one. In the
second case, ay; = yay; for some y > 0. However, summing over ¢ this equality, we find
v = (1 = auy)/(1 — agy). Substituting these into (34), one shows thata = —(1 —
ZiBribr)ary — (2iBrifr) apy, where Bri = apil(ap, + apy). Since 2,810 is a Weighted
average of 6, with each 6; being smaller than one, this expression is also smaller than
one. Hence, a < 0.
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positively associated with deficits on current account and, therefore,
also with changes in the real exchange rate. Both cases fit into the
discussion of Section III. The first is precisely the case discussed
there, while in the second relative prices within the traded-goods
sector do not change during the adjustment process, thereby enabling
us to use a single Hicks composite of traded goods.

The interesting possibility that arises in the presence of more than
one traded good is a negative association between changes in the
exchange rate and deficits on current account—just the opposite of
the association described above. This is illustrated by the case of
complete specialization: 0z, = 0y, = 1, 05, = 05, = 0, in which ay, +
ap, > 1. In this case, a > 0, which implies that deficits on current
account are associated with appreciations of the exchange rate and
depreciations of the real exchange rate.

Intuitively, this result arises in cases in which each country has a
relatively high marginal propensity to spend on the traded good
which is in relative abundance in the other country. The existence of
this element causes, during the course of the adjustment process, an
increase in world demand for the deficit country’s money and a
decline in world demand for the surplus country’s money, in order to
facilitate the desired transactions in commodity markets. The exis-
tence of nontraded goods causes opposite shifts in the demand for
money (as we explained in Sec. I11). Hence, the negative association
can arise only if the first element dominates. This is demonstrated by
our example, but the argument is more general, as we demonstrate in
what follows.

Let 6; = (0y; + 05)/2 = V,i = 1, 2, be the average 0;, and let a; =
(ap; + ap)/2,¢ =1, 2, N, be the average «;, where we average across
countries. Then, the cross-country covariance between consumption
shares and production shares is:

cov; = % 2 (Bri — ) (i — &). (35)

k=H.F

Using (35), one can compute the relationship betweena and 2;cov; as:
a=—ay— 23;cov;. (36)

It is clear from (36) that a necessary condition for a > 0 is 2;cov; < 0
and sufficiently large in absolute value so as to dominate ay, which
represents the effect of nontraded goods. Hence it is clear, as we have
argued above, that sufficiently large negative cross-country correla-
tions between marginal propensities to consume and a measure of
relative availability of the good in the country can produce a negative
association between deficits on current account and depreciations of
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the exchange rate.’® In such cases, if quantities of money do not
change over time, appreciations of the real exchange rate will be
associated with depreciations of the exchange rate and vice versa.

A final point concerns PPP. It is by now well known, and we have
also discussed this issue in Section III, that PPP defined on broad
price indices does not hold in the presence of nontraded goods (see,
e.g., Viner 1937, p. 381). What is perhaps less widely understood is
the fact that PPP need not hold even on traded goods when broad
price indices are used. Take, for example, the case in which all goods
are traded (ay = 0) such that X;,cov; < 0. Then a > 0, and for
economies with fixed stocks of money the exchange rate of the deficit
country (deficit on current account) appreciates over time, despite the
fact that PPP calculations using GNP deflators suggest a constant
exchange rate. Now suppose that the deficit country employs a fixed
rate of growth of money rule. Then, if the rate of growth of its stock
of money is sufficiently low, PPP calculations using GNP deflators
suggest that the deficit country’s exchange rate should depreciate
over time while, in fact, it appreciates over time. (Observe that, in this
example, the deficit country has the higher rate of money growth, yet
its exchange rate is appreciating.) Generally, as long asa # 0 there will
be deviations from PPP based on GNP deflators, even in the absence
of nontraded goods.

VI. Summary

We have presented in this paper a complete two-country, floating
exchange rate model which contains an explicit specification of the
monetary mechanism. We showed that anticipated changes in the
money supply have no real effects while unanticipated changes do
have real effects. The real effects that are induced by unanticipated
changes in the money supply stem from a redistribution of wealth that
takes place as a result of changes in money stocks. The redistribution
of wealth results from the existence of nominal obligations whose real
value changes with prices. No real distribution takes place when
changes in monetary policy are anticipated.

Our model generates interesting dynamics along the perfect-
foresight path. Suppose there is a single traded good and that the
home country has a lower rate of time preference. Then it runs
surpluses on current account and, over time, the price of traded
goods rises at home more slowly than the rate of home money growth,

' An alternative expression for a can be derived in terms of intracountry correlations
between a and 6 over all three goods (in this case 6,y = 1 and 6y = 1). It can be shown
that a is proportional to minus the sum of these covariances where the sum is taken
across countries.
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while the price of nontraded goods rises faster than the rate of home
money growth. Its real exchange rate appreciates, while in the foreign
country there are opposite trends. As a result, the rate of depreciation
of the home currency (appreciation if negative) is smaller than the
differential rate of money growth at home and abroad. Hence, de-
spite the constancy of output levels, the rate of currency depreciation
does not reflect the differential rates of monetary expansion. More-
over, since the GNP deflator rises in each country at the rate of money
growth, PPP based on GNP deflators is invalid. It also does not hold if
we use CPIs in our calculations, since in periods in which the home
country has consecutive import surpluses its CPI rises more slowly
than its rate of money growth, with the opposite taking place in the
foreign country. We have also shown that the existence of nontraded
goods is not necessary for the breakdown of PPP. In the presence of
more than one traded good, PPP on, say, GNP deflators does not hold
even in the absence of nontraded goods. This is due to changes in
relative prices of traded goods.

The introduction of several traded goods was shown to give rise to
new possibilities regarding exchange rate dynamics. With a single
traded good, deficits on current account are associated with deprecia-
tions of the real exchange rate, as well as the exchange rate. In the
presence of several traded goods, deficits on current account are
necessarily associated with depreciations of the real exchange rate,
but they may be associated with appreciations of the exchange rate.
This may happen if there is a negative cross-country correlation
between marginal propensities to spend on traded goods and their
relative availability. In other words, if countries have high marginal
propensities to spend on goods which are relatively abundant in their
trading partner’s country, this unusual outcome may appear. In such
cases it may happen that a country with deficits on current account,
whose stock of money grows faster than that of its trading partner,
will experience appreciations of its exchange rate. The larger the
share of spending on nontraded goods, the less likely is this outcome.

These results reveal macroeconomic implications of the demand
for money that emerges from the microeconomics of our monetary
mechanism. The feature we wish to emphasize is the dependence of
the derived demand for money on microeconomic details such as the
supply structure of the economies and propensities to spend on dif-
ferent goods. Such details, which play a major role in the pure theory
of international trade, have traditionally been neglected in discussions
of monetary problems. We believe that an integration of the tra-
ditional two branches of international economies (i.e., the monetary
and the real branches) by means of explicit monetary mechanisms has
much to offer.
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In order to demonstrate the importance of the monetary mecha-
nism, consider an institutional structure which differs from ours.
Suppose that instead of having to pay with the sellers’ currency, one
always pays with the buyers’ currency. Namely, home residents buy all
goods—independent of their source of production—with home
money, while foreign residents buy all goods with foreign money.
Then it can be shown that the exchange rate equation will be ¢,,, =
(M gy IM r)(ZEIZ,), independent of the sectoral structure (however,
these Z;’s need not be the same as the Z,’s in the present analysis). This
specification seems to be in line with common modelings of the de-
mand for monies in which it is assumed that residents of each country
demand only their own country’s money. Existing evidence (see
Grassman 1973) suggests that in many cases the denomination of
transactions is in the exporter’s currency. It seems, therefore, that the
specification adopted in the present study is as relevant as the alterna-
tive (see also Helpman and Razin [1981b] for a discussion of the
alternative monetary mechanisms).!” Clearly, there is room for a sys-
tematic study of factors which determine the currency denomination
of international transactions, particularly in view of the differences in
implications that such varying modes of payments have for exchange
rate behavior.

Appendix A

We show in this Appendix that Z,/Z} rises over time if and only if 84 > 8p,
which implies that the home country runs a surplus on current account. Using
(9) and the definition of By, k = H, F, we define period-t wealth analogously
to W,. However, in order to have a common denominator, we define w, = d,W,
to be the value of period-t wealth in present value terms (as of period 0).
Formally, we define:

Wy = Z d.Y. —d,(1 + ip1)Boy
=t (A1)
= Z dTYT - thlBt—ly
7=t

where Y, = prreQur + quneQur is the value of output and B, = Bp, + (Byle,) is
the aggregate debt (measured in foreign currency). We utilize the interest
rate parity condition (2) in this aggregation. Also, the period-t analogue of (4)
which holds in equilibrium with equality is:

> d.z, = . (A2)
7=t

'7 The evidence is on invoicing procedures, and we discuss actual payments. The two
are not necessarily the same, but we know of no evidence concerning actual payments.
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From (A2) we obtain:
o — oy =diZ,

which, by use of (10), implies:

@ — @y = (1 = 84)84W,. (A3)
This is a first-order difference equation with the following solution:
w, = 8LW,. (A4)

From (A4), period-t current wealth equals W, = w,/d, = (8%/d)W,, which
implies via (10) Z, = (1 — 8,)W,; that is, spending in period ¢ equals a fixed
proportion (1 — 8y) of period-t wealth.

In order to calculate the surplus on current account, we use (Al) to
calculate: d;_ B, — d;B; = w4, — », + d,Y,. Using (A2) we obtain: d,_,B,_, —
dB, = —d,Z, + d,Y,, which yields:

By —B =Y —ip By — Zt. (A5)

Observe that, in the derivation of (A5), we have not used properties of the
spending function; we have performed only accounting calculations. Hence,
(Ab) is a general relationship stating that the surpluses on current account,
which equal national income (composed of Y, minus interest payments on
foreign debts) minus spending (the right-hand side of [A5]), equal the de-
cumulation over time of foreign debts.

It remains to be shown that declining debts are associated with an increase
in spending and vice versa. In order to do so, we note that (A1), (A4), and (10)
imply B, = d;' 3%, d,Y, — [Z,6,/(1 — 8y)). Now, using the definition of Y, as
well as (19), (20), and (21), we obtain:

B, = [OHTaFTZt*BF/(l = 8p)] — [OuroyrZ: 8y /(1 — 8p)). (A6)

We have seen in Section I that, given a constant stock of foreign money, a
rising Z, over time is associated with 8, > 8y and a falling Z over time, and
vice versa. Hence, it is clear from (A6) that, in this case, B, falls. This implies
that surpluses on current account are associated with an increase in spending
while deficits are associated with falling spending, all measured in terms of
foreign currency. The real value of B, in terms of traded goods is B/ppy.
Calculating ppr, from (18) and substituting into (A6), we obtain:

Bz/[)l-"n = {[OIITSI"(I - af‘)_lab"l‘Z;k/(aHTZt + aFTZ;k)]
= [0pru(1 — 8y) ' ouyrZ NaprZ, + aFsz*)]}(QH’I‘ + QFT)

Since from (10) and (15a) Z,/Z increases over time if and only if 8, > 8, (A7)
implies that B,/ppr, declines over time if and only if 8, > 8. Hence, rising
Z,/Z7f is associated with surpluses on current account in terms of traded goods.

(A7)

Appendix B

We discuss in this Appendix the behavior of the true cost-of-living index,
which is defined for the foreign country as:

P = (prne) “FN (Ppr)“FT. (B1)
A similar CPI can be defined for the home country. Using (20) and (22), we
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can write Pp, in the following form:

_ lapn(1 = 8p)(Qpy) 1%V — * t
Pr= M o LIW /W) (81/8r)], B2
' GP‘T(QHT + Qprp)*FT [( )(81/3F) (B2)
where

L(x) — [aHT(l - 6H)x + aFT(l — aﬁ.)]aﬁ"l‘ (Bg)

{aur(l — dp)x + apr(l — 8p) + [apn(1 — 85)/0pr]} ’

Logarithmic differentiation of (B3) (where ¢[-] is the elasticity of L[-])
yields:
Sign €.(x) = sign {lapr(l = 8p)0pur/0pr] — apr(l — 8y)x}

QHT _agr(l — 6H)x]
QFT apr(l — 8p) '

Using x = (Wo/WE)(84/8r)!, (11), and (13), we obtain:

= sign

sign €, [(Wo/W¥)(8,/5,)'] = sign (Qﬂ - ‘—:‘) (B4)
Qrr Cre

The right-hand side of (B4) is positive if the foreign country runs a deficit in
its trade account, and it is negative if the foreign country runs a surplus in its
trade account. This means that, if in periods ¢ and ¢ + 1 the foreign country
runs a deficit in its trade account, then Py IMpeyy > Pp/Mp, if 85 > 8p; and
Py Moy < Pp/Mp, if 8y < 8y, and opposite for a surplus. In other words,
the foreign CPI rises faster than its rate of monetary expansion between two
consecutive periods, if the foreign country has an import surplus in both
periods and a higher rate of time preference, or if it has an export surplus in
both periods and a lower rate of time preference. Its CPI rises more slowly
than its rate of monetary expansion between two consecutive periods, if it has
an import surplus in both periods and a lower rate of time preference, or if it
has an export surplus in both periods and a higher rate of time preference.

A similar result can be derived for the home country. Clearly, the CPI of
one country rises faster than its rate of monetary expansion, while the other
country’s CPI rises more slowly than its rate of monetary expansion.

It is also clear from this discussion that if W,/W¥ rises as a result of an
unexpected monetary disturbance in the home country, then the foreign CP1
rises in periods of foreign deficits and falls in periods of foreign surpluses. If
W,o/W¥ falls, the foreign CPI falls in periods of foreign deficits and rises in
periods of foreign surpluses. Similar conclusions can be derived for the home
country for periods which follow the period in which the disturbance takes
place. In the period in which the disturbance takes place, we have to add to
the CPI the proportional effect of the unexpected monetary disturbance.

It is also easy to see from (B2) and (B3) that a once-and-for-all unexpected
temporary change in the home money supply that redistributes wealth (i.e.,
changes W,/W¥) has lasting effects on the rate of inflation in the foreign
country in terms of the CPI. The rate of inflation as measured by the GNP
deflator does not change. Similar conclusions apply to the home country,
except that the rate of inflation as measured by the GNP deflator changes only
in the vicinity of the time period in which the shock occurs.
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Appendix C

The purpose of this Appendix is to show that A < 0 (where A is defined as in
[31)) is required for the existence of a solution in which net wealth of every
country is positive. Clearly, negative wealth is inconsistent with an equilib-
rium, since consumption is proportional to wealth and consumption has to be
nonnegative.

From (25)-(27) we can solve for W,, W¥, and ¢;'. The solution for the
wealth variables is:

W, = A_I[EHOMFOOHTQFT(I — 8p) + EF‘OMHO(af‘N + Oproer)(1 — Op)

- MH(MMOHT(XPT] ©h
and
wW§ = Aﬁl[_B—H()MFO(aHN + Ouranr)(l — 8y4) — EP‘OMHOOFTaHT(l — Ou)
- MHOMPOOFTOIHT], (€2)
where (compare with [31]):
A= —MHOOF‘TaHT[(aFN + Oprapr)(1 — 8p) + Ourapr(l — 8y)]
— Buo(1 = 8:)(1 = 8)[apn(cny + Ouraur) + aynBprapr). (C8)
Now, suppose A > 0; then (C3) implies:
EH0< _ MHOOFTQHT[(QFN + Opropr)( — 8p) + Opyrogep(l — 811)]. (C4)

(1 = 8p)(1 = 8)lapn(auy + Ouraur) + aynbprapr]

However, with A > 0 equations (C1) and (C2) imply that W, and W{ are
positive if and only if the following two conditions are satisfied:

B > M"‘LOHT‘IFT[MHO — Buo(l — 8,)]
M yo(apy + Opropr)(1 — 8p)

(CH)
and
Em < [M—lmerraﬂr + EH()(aHN + Ourayr)(1l — SH)]M—F() .
M y00prayr(l — 8y)

From (C4) and (C5) we obtain By, > 0, which implies that the right-hand side
of (C6) has to be positive. But this is so if and only if the following holds:

(C6)

By > — M yoOkraur . (C7)
(ayy + Oyraur)(l — 8y)
Combining (C4) with (C7), we obtain:

M}u)ewam[(am + Oprapr)(l — 8p) + Ourogr(l — 84)]
(1 = 80)(1 — 8)lapy(ayy + Oyrayr) + auybprapr]

MHOOFTaHT , ( 8)
(apy + Oyrayr)(1 — 84)
which implies the contradiction 8,707 Opranr(l — 8¢) + (auy + Oyragy)(1 —
8,)]1 < 0. Hence, A > 0 leads to a contradiction and, therefore, A < 0.
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