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Abstract

Economists generally assert that countries sacrifice monetary independence
when they peg their exchange rates. At the same time, central bankers fre-
quently assert that pegging an exchange rate does not eliminate the indepen-
dence of monetary policy. This paper examines the effects of money-supply
changes on exchange rates, interest rates, and production in an optimizing
two-country model in which some sectors of the economy have predetermined
nominal prices in the short run and other sectors have flexible prices. Money-
supply shocks haveliquidity effects both within and across countries and induce
a cross-country real-interest differential. The model predicts that liquidity ef-
fects are highly non-linear and are not likely to be captured well empirically
by linear models, particularly those involving only a single country. The most
striking implication of the model is that countries have a degree of short-run
independence of monetary policy even under pegged exchange rates.

1 Introduction

This paper examines the effects of money-supply changes in a two-country world in
which some sectors of the economy have nominal prices that are sticky in the short
run and other sectors have flexible prices. We examine the short-run effects of changes
in the money supply on the exchange rate, home and foreign real and nominal interest
rates, and production in each sector and in each country. We show that money-supply
changes have liquidity effects (a fall in the money supply raises the real and nominal
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interest rate) both within and across countries, and introduce a cross-country real-
interest differential. We also show how a country can exercise independent monetary
policy, in the short run, while it pegs its exchange rate to another country. Similarly,
the model shows why a credible target zone for the exchange-rate provides much less
of a short-run constraint on monetary policy than is commonly believed.

Our closed-economy paper examined the questions of how a change in the money
supply affects nominal prices in the flexible-price sectors. It discussed the conditions
under which those nominal prices overshoot their long-run equilibrium levels in the
short run, and when they undershoot those levels. It also showed that a only a small
sector of the economy need be subject to sluggish nominal-price adjustment for a
money-supply change to generate a liquidity effect of the size found in most estimates.
It provided an alternative model of liquidity effects to the model developed in Feurst
[8], Lucas [12], and Christiano and Eichenbaum [4] (following earlier related work by
Grossman and Weiss [10Jand Rotemberg [18]).

Economists currently lack an empirically satisfactory model of exchange rates.
Many theoretical models assign a large role to monetary disturbances, operating
through mechanisms closely related to that expounded in the classic contribution of
Dornbusch [6]. Other theoretical models (e.g. [23] and [13]) assign a larger role to real
disturbances that affect equilibrium relative prices and induce exchange-rate changes
to create them. Recent empirical evidence suggests that exchange rates may contain
a mean-reverting component with a half-life of approximately three years (e.g. [11],
[5], and [14]). Yet current theoretical models that connect changes in money, interest
rates and international interest-differentials, and exchange rates have not successfully
explained these short-term changes in exchange rates. Similarly, equilibrium models
of exchange rates have not been successful in explaining the observed differences in
relative-price behavior across alternative exchange-rate systems (see [22], [15], and
[1]). Moreover, none of the current theoretical models can explain the apparent
short-run independence of monetary policy that countries can exercise under pegged
exchange rates, or under systems of limited exchange-rate flexibility such as the EMS.

This paper develops an alternative theoretical framework in which monetary dis-
turbances may play an important role in affecting interest rates and exchange rates.
Unlike most previous research on the real effects of monetary shocks that has focused
on a one-sector macroeconomic model (such as [6] and [16]), we examine a two-sector
model and allow the two sectors to have different degrees of price flexibility. (We
examine the simple case in which one sector’s price is completely sticky in the short
run and the other sector’s price s completely flexible.)

Our interest in this two-sector model follows from the empirical finding that nom-
inal price flexibility varies considerably across different goods. For example, there
appear to be certain goods with prices that change very infrequently, as documented
by Blinder, Carlton, Cechetti, Kashyap,and Kindahl and Stigler. Alternatively, there
are goods with prices that change often, such as relatively homogeneous goods sold
on near-auction markets, food, gasoline, automobiles (transaction prices), and com-



puters. The two-sector model presented in this paper generates substantially different
predictions than one-sector models about the connections between changes in money,
interest rates, international interest-rate differentials, and exchange rates. In addi-
tion, the model predicts that credible limits on exchange-rate changes create less
stringent constraints on short-run monetary policy than is implied by previous mod-
els. The model suggests a re-assessment of the questions of whether exchange-rate
changes are caused mainly by monetary or real disturbances and how exchange rates
are connected with changes in interest rates or international interest-rate differentials,
the balance of trade, output, and employment. The model can be used for positive
analysis as well as welfare analysis of alternative exchange rate systems and of al-
ternative monetary policies within each system. The model suggests new channels
through which monetary policy is transmitted internationally and the differences in
international transmission under different exchange-rate systems.

There has been much discussion of sterilization of international reserve flows un-
der pegged exchange rates or systems of limited exchange-rate flexibility. But there
has been little analysis of the process through which sterilization occurs or its im-
plications for other economic variables. Similarly, despite a large literature on the
economics of target zones for exchange rates, there has been little analysis of the
short-run effects of monetary policy under a target-zone system. These issues are
connected because the same forces that give countries the ability to conduct indepen-
dent monetary policies in the short run under pegged exchange rates allows them to
do so under a system of target zones, even when the exchange rate is at the edge of
that zone. Stockman [19] finds empirical evidence that countries were able to conduct
independent monetary policies under the Bretton-Woods System of pegged exchange
rates — policies that had liquidity effects on home nominal and real interest rates,
that created international real-interest differentials, and that had temporary effects
on the home rate of inflation (and so resulted in short-run differences in inflation
" across countries under pegged exchange rates). Svensson [25] similarly finds evidence
of short-term monetary independence within the EMS.

While neither existing sticky price nor equilibrium exchange rate models are con-
sistent with this evidence, the current paper presents a model in which a country
can use monetary policy to create short-run changes in its real and nominal interest
rates (creating an international real-interest differential) and short-run changes in its
inflation rate at the same time it pegs its exchange rate. We show that countries, at
times, have an entire set of monetary policies from which to choose, and that each
choice has different implications for other real and nominal economic variables. The
set consists of an interval of money-supply changes: as long as the money-supply
change is within the interval, the exchange rate remains pegged

As in [17), we treat price stickiness in these sectors as a black box because there
is no well-established theory to explain the evidence that many nominal prices adjust
slowly. In this paper we concentrate on the effects of negative monetary shocks.!

1We do this to avoid taking a stand on whether output is determined by the quantity supplied or
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Positive monetary shocks would have the opposite effects, assuming that output is
determined by the quantity demanded (as it would be if we begin from a situation of
excess supply, as in a model with monopolistic competition such as [3]).

This paper does not attempt to match the implications of the model with actual
data. Nor do we deal with dynamics or with uncertainty and risk, or with the issues
of industrial organization and imperfect competition that have played major roles
in recent closed-economy models of the effects of money and the effects of price-
sluggishness. Instead, we keep the model as simple as possible to examine the new
channels of economic interaction that can occur in a two-country, two-sector model.

2 The Model.

2.1 A Closed Economy

We outline here the closed-economy model from [17]. Consider a closed economy with
two goods, X and Y, money introduced through cash-in-advance constraints, and
complete asset markets. A representative household maximizes discounted expected
utility:

(¢/(e-1))-(1~p)

kad 1 o— o - o
x5 (el + (1= )
t=0 p

subject to the sequence of constraints

—v(Lx¢+ Ly:)] (1)

PX,t—lkX,t—ng{,t_l + Py kY,t—lL‘)sf,t_l + (g +di)+ Tt — Vi1 — M, =0 (2)

and
Mt - PXtXt - PYtY; = 0, (3)

where (2) is a budget constraint for period-t asset markets and (3) is the cash-in-
advance constraint which applies to period-t product markets (which immediately
follow period-t asset markets as in [13]).

The terms z and y refer to consumption of goods X and Y, Lx and Ly refer to
labor hours producing goods X and Y, Px and Py are nominal prices, kx and ky
are exogenous productivity parameters, 0 < 6 < 1 is a parameter of the production
function, v is a vector of assets the household owns at the beginning of period ¢
with dividend vector d; and ex-dividend price-vector ¢, 7; is a lump-sum transfer of
money to the household from the government at the beginning of period t, and M, is
the nominal money the household has as it leaves period-t asset markets and enters
period-t product markets. We assume that momentary utility is of the CES form,
with ¢ = the elasticity of substitution between the two goods, = and y, and p = the

the quantity demanded when there is excess demad. Our closed-economy paper discusses this issue
further.



coefficient of relative risk aversion. For the special case 0 = p = 1, we obtain log
utility: U = alog(z)+(1 — a)log(y).

Assume that the cash-in-advance constraint (3) binds as an equality, that kx =
ky = 1, and that 7 = 0 for all t. It is easy to see that the flezible-price perfect
foresight equilibrium for this simple production economy satisfies

M! = Py L%, + Py.L%,, 4)
Px )\ = (axta—l)/v +(1- a)y,(”'l)/”)(l"p”)/(”‘l)akx,gL}f/", (5)
Prode = (aa"™V/% 4 (1 — )y ™0/o) 0=,/ 01 — a)ky Ly, (6)
v = BPx:6kx: L5 M1, (7
and
v = BPyibky L5 Mg, (8)

where M} is the (exogenous and constant, because 7 = 0) money supply at the end
of period-t asset markets and ) is the current-value Lagrange multiplier on constraint
(3). (Note that A = «, the multiplier on (2), because of the first-order condition for
the choice of M,.) Moreover, we can solve for the nominal interest rate on a one-period
nominal asset using the pricing formula:

—— At J
BAes

i 1, (9)

2.1.1 Closed-Economy Equilibrium when Some Prices are Sticky

Suppose there are high costs of changing the nominal price Px except at the end of
each period, so sellers choose Px at the end of period ¢ — 1. The nominal price Py
, however, is perfectly flexible. Begin with a nonstochastic steady-state equilibrium
with a constant money supply, and consider a small unanticipated, permanent change
in M, at the beginning of period t. Real variables dated at t+1 and later are unaffected
by this change in the money supply, but real variables at date ¢ change because Py,
is predetermined.

A permanent fall in money creates excess-supply for good X in the short run
because Py, is above its new equilibrium level, and as a result, output of X is demand-
determined. So equation (7) (describing the supply of X) does not hold in the short
run. Instead, we have equations (4)-(6) and (8) in the four variables Lx s, Ly, Fr.s,
and ), (with A taking its new steady state value). Because a change in the money
supply has no steady-state effect on z,y, or Lx, equation (5) implies it also leaves



Px 141 t41unchanged. Since the percentage fall in money lowers Px :+1by the same
percentage, it also must raise A;4; by that percentage.

In [17) we also discuss the excess-demand case after the money supply rises, start-
ing from an equilibrium. In the excess-demand case, output of the sticky-price good
X is supply-determined. In this paper we will concentrate on excess-supply situ-
ations, following a fall in the money supply from equilibrium. The results can be
re-interpreted to give the effects of an increase in the money supply, starting from
a position of ezcess supply. We show in our other paper that the sign of the cross-
derivative in utility takes the sign of (1 — po),that a fall in the money supply causes
a smaller percentage fall in Py if the elasticity of substitution in consumption, o,
exceeds one, and a larger fall in Py if 0 < 1, and that a fall in the money supply
raises the one-period interest rate if and only if the degree of relative risk aversion, p,
exceeds one. Numerical results in that paper showed that fairly large liquidity effects
occur even if only a small fraction of GDP has sticky nominal prices. A fall in money
raises nominal and real interest rates, reduces aggregate GDP, and has different effects
on output in the sticky- and flexible-price sectors.

2.2 A Two-Nation World Economy

Now consider a two-country version of the model. Each country is identical to the
closed economy described above. Each produces and consumes two internationally-
tradable goods, X and Y, using only labor as an input. Now there are two moneys
introduced through cash-in-advance constraints with the usual convention in which
the money used is that of the seller’s country (see e.g. [13]). Because the two countries
are identical ez ante, we describe only the domestic country. As before, a represen-
tative household in the home country maximizes

00 1 oc-1)/¢ o—1)/o (¢/(0-1))-(1-p)
Eotz—%ﬂt[(l-p)(axs Ve 4 (1= a)yleV/7) ( ? —v(Lxi+ Ly (10)

Now, however, the household is subject to the sequence of budget constraints
Px ¢4 kX,t—ng{’g_l + Py kY.t—ngf,t-l +vi(q+d)+ 7 —vep1q— My — eN; =0 (11)
and sequences of the two cash-in-advance constraints,
M, — min{Z;, ;} Px: — min{7,,y:} Py: = 0, (12)
and

N; — max{x; — %, 0} Py, — max{y, — 7,0} Py, = 0, (13)

where (11) is a budget constraint for period-t asset markets and (12) and (13) are the
cash-in-advance constraints that apply to period-t product markets.



The terms z; and y; now refer to total home consumption of goods X and Y,
regardless of where the goods were purchased, 7 and 7, refer to home production of
the two goods, M, is the home household’s stock of home money at the beginning of
the product market, and N, is its stock of foreign money, used for purchasing imports
(if imports are positive).

We now abandon the complete-markets assumption. We assume assets cannot be
traded conditional on monetary transfers or taxes (positive or negative 7). So any
decrease in the home money supply is financed by lump-sum taxes (negative T) on
households in the home country only, and analogously any decrease in the foreign
money supply directly affects foreign households only.

Assume as before that 7 = 7* = 0, where 7* is the transfer or tax in the foreign
country, and kx; = kx.: = ky = kyay = 1 for all t. It is easy to see that one flexible-
price equilibrium is the same as in the closed economy, with no international trade or
foreign-money holding (by the home country). (The other equilibria involve higher
levels of wealth in one country than in the other.) In the equal wealth equilibrium
that we will focus on, relative prices and allocations are identical in each country.

2.3 World Equilibrium When Some Prices Are Sticky

Now consider the world equilibrium when Px and Pj (the foreign-currency nominal
price of X produced and sold in that country) are chosen one period in advance. The
nominal prices Py and Py, are completely flexible. We initially consider a situation
of flexible exchange rates, and hold constant the foreign money supply N° as we
vary the home money supply M S unexpectedly. As in the closed-economy model, we
begin at a nonstochastic steady-state equilibrium with constant money supplies, and
consider a small unanticipated, permanent fall in M?5.

Since we no longer have a representative household (the absence of markets to
share the risk of taxes and transfers to change the money supply can lead such trans-
fers or taxes to redistribute wealth internationally), we need to specify a rationing
rule stating which buyers (foreign or domestic) are able to buy what number of goods
when there is excess demand in a market, and from which sellers they buy if there is
excess supply. (In each case, we treat all buyers from a single country as identical —
they all buy the same amount, and we treat all sellers from a single country as iden-
tical - they all sell the same amount. In that sense we ignore results in the literature
which show that in situations like this, a distribution of prices and sales can arise ez
post even if sellers are identical ez ante.) We assume that if there is excess supply,
buyers always purchase goods from the sellers in the country with the lowest price
(after adjusting for the current exchange rate), and that if the price is the same in
both countries, they buy first from sellers in their own country. (They also may buy
some of the product from sellers in the other country; we will see later that this is
what can make the price the same across countries.) We assume that in situations
of excess demand for a good in country A, buyers who live in country A are first in



line, and buyers from the other country are last in line to buy the good. Places in
line may not be traded. There is also no cost of waiting in line (no transactions costs
of rationing).

Despite the simplicity of our model economy, there are a number of possible cases
that can arise in this two-country world. We now consider these cases in turn.

2.3.1 Case 1: Excess Supply in the Home Country and Excess Demand
in the Foreign Country

First consider situations in which there is excess supply of X in the home country
and excess demand for X in the foreign country. Since we begin from a nonstochastic
steady-state equilibrium (in which the law of one price holds for each good), this
situation arises if the domestic money appreciates, raising the relative price of X-in-
the-home-country in terms of X-in-the-foreign country. Denoting by e the exchange
rate (in units of home money per unit of foreign money), we have Px > eP. There
are three possible sub-cases within this situation (and in which good X continues to
be produced in the home country). First, foreigners may buy all the good X offered
for sale in their country, and may be unwilling to buy any good X from the home
country at the higher price there). Residents of the home country, being unable to
import good X by definition of the rationing rule, must purchase the good from sellers
in their own country. There is no trade in good X in this case. All the necessary
conditions(5), (6), (7), (8), and their foreign counterparts hold, ezcept the corners in
this situation imply

Py r < (aziCV/ 4 (1 = @)y D7y 0-p) =D L300 (14)

which says that foreign marginal utility of consumption of X exceeds the foreign
price times the marginal utility of foreign wealth (meaning that foreigner buyers are
rationed in buying X),

PXt e A' S (117;(0-1)/0-{- l1—a y:‘(a—l)/d (l—pa)/(a—l)aLt-S/a’ 15
¢ Xt

which says that foreign buyers choose not to buy any X from the home country,
because the price there is too high (after adjusting for the exchange rate), and

v < ,BPXt(SkXthY_tlEAH.l, (16)

which says that there is excess supply of X at home, so home sellers are rationed
(they cannot sell all they would like to produce at the existing price).

In the second possible sub-case, foreigners may buy all the good X offered for sale
in their country, and may also be willing to buy some good X from the home country,
even at the higher price there. Residents of the home country, being last in line in
the foreign country and so unable to import good X, buy it from sellers in their own



country. Again Px > ePj} and all the necessary conditions(5), (6), (7), (8), and their
foreign counterparts hold ezcept that the corners now imply (14), (??) and

(Pxefe); = (azi ™7 4 (1 — a)y; /7 0o e Da L350 (17)

which says that foreign buyers choose an internal optimum (rather than a corner
solution) for buying X from the home country. Notice that in contrast to the first
sub-case, there is international trade: the home country exports good X.

In the third sub-case, foreigners may be unconstrained in buying good X in their
own country. Then home residents, who are last in line there, are able to purchase
some good X from the foreign country, where it is cheaper because Px > ePx , and
buy the rest from sellers in their own country. Again all the necessary conditions(5),
(6), (7), (8), and their foreign counterparts hold, in addition to (17) and

erPh A < (ezlV17 4 (1 — a)y{o /o) 0-ro) e Naky, L3, (18)

which says that home residents are constrained from buying more good X at the
lower foreign price. Notice that in this case the home country imports good X.

In each of these three sub-cases, we also have (9) and an analogous equation for a
foreign-currency one-period nominal interest rate. We also have the law of one price
for good Y , Py = ePy , and interest-parity (covered and uncovered interest parity
are the same in this nonstochastic model):

AP A
€t = €141 ,,,t tTH‘, (19)
+1 M

where A* is the multiplier on the foreign representative household’s current-period
budget constraint. Equation (19) follows directly from the usual expression of interest
parity (&'/e = (1 +1)/(1 + ix)) and (9) and its foreign counterpart. In addition, we
need the separate budget constraints for home and foreign households. The home
household can buy (or sell) one-period nominal bonds B at the price 1/(1 +1).

In this ex-ante equal wealth world, we assume that initially there is no interna-
tional indebtedness. But after the change in the money supply in one of the countries
(or both), B can become non-zero, in which case it turns out to remain non-zero in
the new steady state. If B is positive in the new steady state, (which corresponds to
the second sub-case with the home country exporting z in the short run), the home
country consumes the interest iB/(1 + ) each period in that new steady state. So
during the period (t) in which the money supply first changes, the budget constraint
for the home household states that total spending on the two goods (which will occur
at two different prices if Px # eP}), plus spending on bonds equals total nominal
labor income (from the prior period’s production and sales of goods) minus the de-
crease (or plus the increase) in the home money supply, M at date t. For example,
in the third sub-case discussed above, the home household spends

Pyyi + Px 77 + ePx (2 — %),
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on goods because it buys some X from home sellers and the rest from the (lower-
price) foreign sellers. This spending, plus spending on bonds B, /(1 + i), must be
financed by labor income PX.t—lkX,t-fox,t-l + Py kY.t—ng’,t-l minus the fall (or
plus the increase) in the home money supply. The household’s budget constraint for
subsequent periods ¢t + 7, j > 1 (in the new steady state) allows it to spend on goods
i¢4;B:/(1 + t44;) more than its labor income each period. (The household can also
buy or sell more bonds in the future, but does not do so in equilibrium.)

2.3.2 Case 2: Excess Demand in the Home Country and Excess Demand
in the Foreign Country

We have discussed situations in which there is excess supply for X in the home
country and excess demand in the foreign country. We now turn to the other possible
situations. There may be excess demand for X in the home country and excess supply
in the foreign country; this situation is symmetric to the situation already discussed,
and so can arise in the three sub-cases that are described above. Another possible
case involves excess demand for X in both countries. This can also arise in three
possible sub-cases.

In the first sub-case, the home household may be at a corner solution in buying
X at home, so that

PXtAt < (axgo—l)/o' + (1 _ a)yt(a-l)/a)(]_pa)/(o_l)aL}i/a

and an analogous condition may hold for the foreign household in buying X in the
foreign country. In that case, there is no international trade (because domestic res-
idents in each country are first in the rationing lines). In the second sub-case, the
home household may be at an interior solution for buying X from home sellers, but
the foreign household may be at a corner in buying from foreign sellers,

P < (aaf77 4 (1= a)yi7II) 0ol aL 2,

and also at a corner in buying from home sellers (see equation 17). In this case,
the home country exports good X . The third possible sub-case is symmetric to the
second sub-case: the foreign household is at an interior optimum for buying X from
foreign sellers, but there is excess demand for X in both countries because the home
household is at a corner solution in buying from both home and foreign sellers.

2.3.3 Case 3: Excess Supply in the Home Country and Excess Supply in
the Foreign Country

The final disequilibrium situation that is possible consists of excess supply for good
X in both countries. This requires Px = ePj, otherwise buyers would raise the
quantity demanded in the lower-price market. This situation can occur if, for example,
the money supply falls unexpectedly by the same percentage in each country; the
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equilibrium would then be identical to the closed-economy case, with no international
trade. But this situation can also arise in a much more interesting case: if the money
supply falls by a larger percentage in the home country than in the foreign country,
one might expect the domestic money to appreciate and for both countries to have
excess supply of good X, which is subject to the short-run nominal-price sluggishness.
But that would make X cheaper in the foreign country than in the home country, and
would lead buyers to substitute out of home purchases of X toward foreign purchases.
At the same time, buyers can substitute out of foreign purchases of Y toward home
purchases of Y. This occurs until the extra demand for X in the foreign country
raises its price relative to home X. Since the foreign-money price of X in the foreign
country is sticky in the short run, as is the home-money price of X at home, this
relative price change alters the exchange rate. (The mechanism is analogous to the
effects of real shocks on the real and nominal exchange rate in equilibrium models of
exchange rates, such as [23] and [13]- see Stockman [21].) The striking aspect of this
disequilibrium situation is that (because Px and Py do not change in the short run),
it results in a fized ezchange rate in the short run. We will use this fact to show how
countries can have short-run independence of monetary policy — affecting real and
nominal variables — even under pegged exchange rates.

3 Short-Run Effects of a Fall in Home Money

We now turn to the implications of the two-country model, which we obtain from
numerical calculations (using a non-linear equation solver). This is necessary because
we generally cannot obtain analytic solutions to the model with the CES utility
function. Our previous paper on the closed-economy case ([17]) showed that a one-
time unexpected fall in the money supply raises real and nominal interest rates in
the short run (if the coefficient of relative risk aversion exceeds one), reduces output
of goods in the sticky-price sector, and reduces Py in percentage terms by more or
less than the money-supply fall depending on whether the elasticity of substitution
in consumption is less than or greater than one.

Consider a permanent, unexpected 2% fall in the home country’s money supply
(from 10 to 9.8), starting from a steady-state equilibrium with a constant money
supply and price level. We hold fixed the foreign money supply in this initial exercise.
Table 1 shows the results when (in each country) @ = .5, 0 = 0.5, 6 = .9, v = 1,
B = .99, p = 2, and each money supply is initially 10. This means half of GDP in each
country consists of output of good Y, the relative price of Y in terms of X is initially
unity, the exchange rate is initially one, and the real (and nominal) interest rate is
1/B — 1. Since o < 1, the two goods are relatively poor substitutes. We also assume
there is no initial international indebtedness, so initially the countries are identical
and there is no international trade. The first column of Table 1 shows the endogenous
variables: the nominal price of Y in the home and foreign countries (py and pyf), the
nominal interest rate (in percent) in the home and foreign countries (¢ and if), the
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exchange rate (e), the real exchange rate (ep*/p) labor inputs in the z industry in the
home and foreign countries (Iz and Iz f), labor inputs in the y industries in the home
and foreign countries (ly andlyf), GNP in the home and foreign countries evaluated
at the equilibrium prices and production shares (GNP and GNPf) and total labor
supply in the home and foreign countries (n and nf ). The second column, "Old
SS,” shows the old steady-state levels of the variables (before the change in money)
from which the analysis begins. The "SR” column shows the short-run effects of
the fall in money (while the nominal price of X is fixed at its previous level for one
period). The "New SS”column shows the new steady state, and the column labeled
»percent” shows the percentage by which a variable falls short of or exceeds its new
steady state level. For the interest rate, this column presents the difference between
interest rates in the short-run and in the new steady state.

The 2% fall in money leads, in the long run ("New SS” column) to a 2% fall in
the nominal prices of goods X and Y, from 7.333 to 7.187. (The new steady state
relative price of Y in terms of X is one, so the new price of X is also 7.187.) The
interest rate is unaffected in the long run by the one-time change in the level of money,
and the exchange rate falls 2% from 1.00 to 0.98 in the long run. Long-run levels
of employment in each industry in the home country (Iz and ly) are unaffected, as
are foreign employment levels in each industry (Izf and lyf) and long-run levels of
output in each industry and in each country (prod — z, prod — y, prod — z f, and
prod — yf). The negative level of bonds indicates that the home country borrows in
the short run and becomes a net debtor in the new steady state, though the level of the
interest on this debt is sufficiently small that (to a four-decimal-point approximation)
consumption in each country is the same as its domestic production in the long run.

While the unexpected change in money is almost neutral in the long run (” almost”
because it redistributes wealth and so has permanent effects), it is not neutral in the
short-run. The impact effect of the unexpected fall in home money is to raise the
home-country nominal interest rate by 53 basis points. If one interprets this as a
quarterly model (since the discount parameter is .99 per period), with one-quarter
nominal price stickiness in the X industry, then the steady state interest rate is
1.01% per quarter, or 4.04% per year. Then the 2% fall in home money raises the
annualized home nominal interest rate by 211 basis points, to 6.15% per year. The
foreign nominal interest rate also rises, by 47 basis points on a per-period basis, which
is 188 basis points on an annualized basis with this interpretation. The home nominal
interest rate is then 20 basis points above the foreign rate on an annualized basis.
This is reflected also in a slight overshooting of the exchange rate in the short run (it
falls five one-hundredths of a percent below .98) followed by a small expected (and
actual) appreciation of home currency. Output and employment in the home country
fall in both industries, but production falls significantly in the X industry with sticky
prices. Overall output is unchanged in the foreign country, though there is a small
sectoral reallocation of production from the X industry to the Y industry. As noted
previously, the home country borrows in the short run from the foreign country, and it
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imports both goods on net, running a balance of trade deficit to smooth consumption,
which falls less than output in each industry. Table 1 also shows a slight rise in
momentary utility, or felicity, in the home country: this occurs because households
in the home country get more current utility from the increased leisure they have
than from the fall in consumption (because international borrowing allows them to
decrease current consumption by less than output falls), though there is a slight fall in
present-value utility (which appears unchanged at the accuracy shown in the table) as
the home country exports goods in the new steady state and its future consumption
is slightly smaller than it would otherwise have been.

Notice that, in the short run, the appreciation of home currency combined with
the stickiness of both the home-money price of X sold at home and the foreign-money
price of X sold abroad implies that X is cheaper in the foreign country than in the
home country. There is, in the short run, ezcess demand for X in the foreign country
and ezcess supply in the home country. Foreigners are unconstrained in buying good
X in their own country and home residents, who are last in line there, import X and
buy the rest from sellers in their own country. (This is the third sub-case discussed in
section 2.3.1 that can result in excess supply in the home country and excess demand
in the foreign country, with the corner solution represented by equation (18).)

The intuition behind the results in Table 1 is easier to understand by first con-
sidering the case in which both countries reduce their money supplies by the same
percentage. The result is the same in each country as in a closed economy, and there
is no international trade in either the short run or in the new steady state. Table 2
shows the effects of an unexpected, permanent 2% fall in money in both countries.
This has identical effects in the two countries, so we can discuss only the home country.
The fall in money reduces aggregate nominal spending, which reduces the nominal
price of good Y. Because Py is fixed in the short run, this increases the relative price
of X, so consumers substitute good Y for good X, which further reduces output of
X and works against the fall in spending on Y. If the elasticity of substitution in
consumption, o, were one, output in the Y sector would remain unchanged, and the
nominal price of Y would fall by 2%. With o < 1 (as Tables 1 and 2 assume), output
of Y falls along with output of X and Py overshoots its long-run fall. (Ife>1,
output of Y rises and its nominal price undershoots its long-run fall.) Table 2 shows
that the marginal utility of income measured in nominal terms ("lambda”) rises by
about 3% in the short run, though its long-run increase is naturally only 2%. This
occurs because households would like to smooth consumption over time — to borrow
from the (higher) steady-state level of consumption to offset partly the fall in cur-
rent consumption. The marginal utility of one "dollar” is higher currently than it
will be in the future. The attempts to borrow raise the nominal interest rate in the
short run. (Notice the closed-economy liquidity effect is about twice the size of the
liquidity effect in Table 1.) Of course, since the nominal price of X is expected to
fall next period (to its new long-run equilibrium level), and the nominal price of Y
is not expected to change much, there is overall expected deflation, which means the
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overall real interest rate rises even more than the nominal rate. Our closed-economy
paper discusses these issues in further detail.

Now return to the results in Table 1, where only the home money supply falls. If
these were two closed economies, the results for the home country would be identical
to those in Table 2, and no changes would occur in the foreign country. One can
imagine a "shadow exchange rate” for that case: since the law of one price for good
Y applies, the fall in Py and the constancy of P; imply that the home currency
would appreciate. This would make good X cheaper in the foreign country than in
the home country and lead consumers in the home country to try to import good X
(further increasing the excess supply for X in the home country). Home consumers
are last in line for foreign output when it is in excess demand, but this creates excess
demand for X in the foreign country. Consumers in the home country want to borrow
to buy both X and Y, so the real interest rate measured in terms of each good rises.
Since the expected change in the nominal price of either good in the foreign country is
negligible, this rise in the real rate occurs through a rise in the nominal rate of interest
in the foreign country. The law of one price for good Y and the facts that Py does
not change much, and Py falls roughly 2% (see Table 2) guarantee that the exchange
rate falls about 2%. This means that the expected change in the exchange rate is
very small (there is not much overshooting), so interest-parity implies that the home
nominal interest rate rises about as much as the foreign rate. Home consumers face a
higher relative price for good X than do foreign consumers, so home consumption of
X drops by more than foreign consumption of X, while the home and foreign countries
both reduce consumption of Y by about the same amount (home consumption falls
slightly more because of complementarity of X and Y in home utility).

Table 3 shows the effects of a 2% fall in the home money supply when o = 2. The
other parameters are the same as in Table 1, and again the fall in money is unexpected
and permanent. The results are similar to those in Table 1, but a few important
differences emerge when the elasticity of substitution between z and y exceeds one.
First, the nominal price of Y undershoots its new long-run equilibrium level. This
occurs because the larger is o, the greater the extent to which consumers try to
substitute out of consumption of X and into consumption of the relatively cheaper
good Y. This leads to a higher demand for Y and raises its price (as compared to
Table 1). Given that the price of z is fixed, and that the price of y undershoots, it
appears that the overall price level is "sticky” in this economy. The exchange rate
also undershoot its new long-run equilibrium level. (To see why, consider what would
happen to the shadow exchange rate if the two economies were closed: it would fall by
the same proportion as Py.) The undershooting of the exchange rate, combined with
interest parity, implies that the foreign nominal interest rate rises more than the home
nominal interest rate. The other main difference when o > 1 is that home output
in the Y sector rises somewhat; this is caused by the greater degree of substitution
by consumers away from X when Py falls. Table 4 shows the effects of changing the
utility parameter a: it sets a = .6 rather than .5 as before. This raises the fraction of
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overall employment in the sticky-price sector from 1/2 as before to about 2/3. A 2%
fall in home money has quantitatively larger real effects than when the share of the
sticky-price sector was smaller; the table provides an idea of the size of those effects.
Similarly, Table 5 shows the effects of the fall in money when o = .4, which implies
the share of total labor working in the sticky-price sector is about 1 /3.

4 Pegged Exchange Rates and Short-Run Mone-
tary Independence

We have already discussed the effects of permanent changes in the money supply in
one country. We now consider the effects of changes in the money supplies of both
countries, and we focus on monetary policies in the foreign country that peg the
exchange rate, or that lead to sufficiently small changes in the exchange rate that for
all practical purposes it is pegged. One way for the foreign country to peg its exchange
rate (in the absence of any other shocks) is to change is money supply in proportion to
the change in the home money supply; call this the baseline path of foreign money. We
will see that temporary changes in the foreign money supply around this baseline path
can also result in a pegged exchange rate, but cause changes (relative to the baseline
path) in output, real and nominal interest rates, relative prices, and international
trade.

Suppose the home country’s money supply falls by 2% as in Tables 1 and 2, and
suppose the foreign country pegs its exchange rate (at unity). Suppose also that
the foreign government can credibly commit to a future path for the money supply.
Because nominal prices are set one period in advance, for only one period, anticipated
future changes in money can be fully incorporated into price-setting behavior.

One way for the foreign government to peg the exchange rate is to follow the
baseline path for money, with results as in Table 2. But Tables 6a-6d show that
there are also other ways to peg the exchange rate. Table 6a shows the results of a
foreign monetary policy that reduces the foreign money supply 3%, from M5* = 10
to MS* = 9.7 in the short run (while the home money supply falls from 10 to 9.8),
and then changes MS* to 9.80098 in the long run, assuming that a = .5, ¢ = 0.5,
§=.9,v=1,8=.99, p =2, asin Table 1. The exchange rate remains at exactly
one, the rise in world interest rates of 203 basis points exceeds the 100-basis-point rise
that occurs along the baseline path, there is a greater fall in output of the Y-sector
in both countries (a 0.93% fall rather than a 0.47% fall), a larger fall in output in the
X-sector in the foreign country (2.98% rather than 1.49%), a smaller fall in output in
the X-sector in the home country (0.97% rather than 1.49%), a slightly smaller fall
in labor in the home country (1.06% rather than 1.09%), and a much greater fall in
labor in the foreign country (2.18% rather than 1.09%). In contrast to the baseline
case, the foreign country imports good X, importing about 1% of its consumption of
X, and financing these imports mainly by borrowing (and only to a very small extent
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by exporting good Y). The foreign trade deficit in the short run creates a (small)
long-run trade surplus, as the country pays interest on its debt each period in the
long run.

If the 3% fall in the foreign money supply were permanent, the foreign currency
would appreciate. However, the temporary nature of the fall, followed by a return
to something close to the baseline path, implies that the exchange rate will remain
fixed. To see why, consider what would happen were the foreign currency to appreci-
ate. Because nominal prices in the X industry are predetermined, good X would be
cheaper in the home country than in the foreign country. Foreign consumers would
try to import good X rather than buying it in their own country. Originally, there
was excess supply of X in each country; now there is smaller excess supply of X in
the home country and greater excess supply in the foreign country. The increased de-
mand for X cannot raise Px, which is predetermined. But it raises the value of home
currency on the foreign exchange market — until the relative price of good X across
countries is again unity. (If the fall in the foreign money supply is large enough, excess
demand is created in the home country and the relative price never reaches unity;
this happens, for example, if the foreign money supply falls to 9.6 in this example.)
Foreign consumers import just enough X to assure that the price is unity: if they
imported less, it would be cheaper to buy X in the home country and imports would
rise; if they imported more, it would be cheaper to buy X in the foreign country, and
imports would fall.

The exchange rate adjusts to assure the "right” relative price of goods just as
in equilibrium models of exchange rates (see Stockman, 1980, 1988). In this case,
the exchange rate adjusts to get the "right” relative price of X across countries, and
international trade in that good adjusts accordingly. Because the foreign country
runs a current-account deficit in the short run, there is a permanent effect on the
distribution of wealth across countries, and given that long run monetary policy is
chosen to keep the exchange rate unchanged, the money supply does not return ezactly
to the baseline path in the new steady state.

Table 6b shows the results when the foreign money supply falls less than the
baseline case: it falls from 10 to 9.85 for one period and then permanently goes to
9.79952 (while home money falls to 9.8). We continue to consider the case in which
a=.5,0=056=.9,v=18=.99,and p=2. If the fall to 9.85 were permanent,
foreign currency would depreciate and X would be cheaper in the foreign country.
This would add to excess supply for X in the home country and reduce excess supply
of X in the foreign country; this occurs up to the point at which the relative price is
unity, i.e. at an unchanged exchange rate. In this case the rise in world interest rates
is smaller (49 basis points) than in the baseline case, the foreign country ezports X,
home output of X falls more and foreign output of X falls less than in the baseline
case,while output of Y falls less in both countries.

Table 6¢ shows the results when the foreign money supply falls even less in the
short run — from 10 to 9.9, before permanently going to 9.79904. In this case the
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exchange rate continues to be pegged, but there is no liquidity effect on the world
nominal interest rate. The foreign country runs a trade surplus by exporting X asin
Table 6b, and it is larger than in that table, but now the only good whose output is
affected (much) is X in the home country. The fall in foreign money has virtually no
effect on foreign output in the short run.

Table 6d shows the results when the foreign money supply falls even less — from 10
to 9.95, before permanently going to 9.79857. In this case the exchange rate remains
constant, and nominal interest rates in each country fall rather than rise, despite the
fall in money supplies in each country. As in Tables 6a-6c, there is excess supply
for X in both countries. As in Tables 6b-6c, the foreign country has a trade surplus
mainly connected with exports of X. In contrast to these other tables, while output
of X in the home country falls, output of X in the foreign country rises, and output
of Y rises slightly in both countries.

These tables illustrate three important points. First, there is an entire range of
money supplies from which the foreign country can choose in the short run even as
it maintains a pegged exchange rate. In contrast to existing theoretical models of
exchange rate determination, pegging the exchange rate does not prevent the govern-
ment from exercising monetary independence in the short run.

Second, each choice from this range has different consequences for real and nominal
variables. Production, consumption, the pattern of international trade and borrowing
on international financial markets, and real and nominal interest rates differ depend-
ing on the choice. Moreover, the direction of changes in many of these variables, not
just the magnitude of the changes, depends on the choice of the money supply in the
short run.

Third, one should not expect the relation between changes in the money supply
and (say) nominal interest rates to depend solely on domestic monetary policy. The
short-run responses of variables such as nominal interest rates depend heavily on
foreign as well as home money-supply shocks. And the sign of the effect (as well as
its size) depends partly on how similar or dissimilar are the money-supply changes
across countries. The high degree of non-linearity in the response of nominal interest
rates to changes in the money supply, illustrated by these tables, suggests that linear
vector-autoregressions are likely to miss key features of the relations between money
and interest rates.

The results in the previous tables do not imply that the ability of a country to
peg its currency in the short run depends on its choosing the "right” level of the
money supply in the long run. That long-run choice of money is essential only for
permanent pegging of the exchange rate. Table 7 illustrates this point. It shows the
effects of a permanent 1% fall in the foreign money supply when the home money
supply falls by 2%. The failure of the foreign country to adjust its new steady-state
money supply appropriately prevents the exchange rate from remaining pegged in the
long run. But the exchange rate nevertheless remains pegged in the short run. Notice
also that although the foreign money supply falls permanently by less than the home
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money supply, in the short-run its interest rate rises more.

The ability of the foreign country to choose its money supply independently while
pegging the exchange rate does, however, depend on the behavior of the home money
supply. In the absence of excess supply for X in the home country, the foreign
country’s independence vanishes. Table 8 illustrates this fact. Here, the home money
supply remains fixed at 10 while the foreign money supply falls permanently to 9.9.
This creates foreign-currency appreciation in the short run as well as the long run.
Similarly, Table 9 shows the effects of a temporary fall in foreign money to 9.9 while
it chooses long-run money to peg the long-term exchange rate at unity. Despite the
long-run pegging, the short-run fall in the money supply is not consistent with a
short-run exchange-rate peg because there is not excess supply in the home country.

Our experiments with altering relative country size indicate that the main differ-
ence in the results when one country is much larger than the other concern the size
of the liquidity effect of a change in money in the small country. While the small
country maintains a high degree of short-run monetary independence under pegged
exchange rates, it can have only a small effect on its own (and the world) nominal
interest rate.

5 Extensions

The goods produced in each country are perfect substitutes in the model discussed
above. We generalized the model to study the robustness of our results with respect
to this assumption. First, we replaced the assumption that good X produced in the
home country is a perfect substitute for good X produced in the foreign country. We
now treat X as a composite of two goods, r and ¢, produced in the home and foreign
countries, where

- - (¥/(¥-1
T = (’\‘th} Ny (1- )\)rfw 1)/'1’) (v-1))

is a CES aggregator of goods g and r, the sticky-price goods produced in the home
and foreign countries. By varying the elasticity of substitution between these goods,
¥, we can study the consequences of less-than-perfect substitutability between home
and foregin goods.

The results, in Tables 10a-10c, are striking. We assume the share paramenter A
equals one-half and the elasticity of substitution ¥ equals 2. Table 10a shows the
results when the money supply falls 2 percent in each country, as in Table 2. Tables
10b and 10c show the results when the foreign country reduces money permantly by
2 percent, as does the home country in the long run, but when the home country
holds money fixed in the short run or reduces money by 4 percent in the short run.
The exchange rate is no longer ezactly fixed at unity, but when the home country
keeps its money suply fixed in the short run the exchange rate rises (home currency
depreciates) less than three-tenths of one percent in the short run. Similarly, when
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the home country reduces its money supply by four percent in the short run (and
two percent in the long run), its currency appreciates by less than three-tenths of one
percent. Although the exchange rate is not ezactly fixed, it changes very little in the
short run. Since countries with pegged exchange rates always permit the exchange
rate to change over a small band, this result indicates that the assumption of perfect
substitutability between foreign and domestic goods is not required to obtain a degree
of short-run monetary independence under pegged exchange rates.

Second, we generalized this model by adding another good, z, which has a small
expenditure share, is produced in both countries, has a sticky price in the short run (as
g and r do), and for which z produced in either country is a perfect substitute. This
good is intended to capture the fairly standardized goods produced around the world
for which there is evidence of sticky nominal prices. We modified the utility function
and added the utility of this good, 2218 /(1 —£) , to the utility function above. We
then equated ¢ and p and varied Q to vary the expenditure share on good z. The
results are even more striking. Regardless of how small is the share of expenditure on
good z, we reproduce the qualitative results of the previous section: there is a range of
money supplies for one of the countries (holding fixed the money supply in the other
coutnry) that results in an ezactly pegged exchange rate. The smaller 2, the smaller
the expenditure share of good z, and the smaller the band of money supplies (the
smaller the range of short-term monetary independence). Suppose the foregin country
reduces its money supply permanently by 2 percent, from 10 to 9.8. If the expenditure
share on z is one percent, the home money supply can fall anywhere between 9.74
and 9.86 in the short run while maintaining an exactly-pegged exchange rate. If the
expenditure share on z is two percent, the range is 9.7 to 9.9; if the epxenditure share
on z is ten percent, the range widens to 9.35 to 10.22. (The home country can even
raise its money supply in the short run and maintain an exactly-pegged exchange
rate.) In our experiments, the size of the band in percentage points is about ten
times the size of the expenditure share on good z. These generalizations of our model
indicate that our results regarding short-term independence of monetary policy are
robust to several assumptions of the model.

6 Conclusions

One of the oldest debates in international monetary economics concerns the ability
of countries to sterilize international reserve flows under regimes of pegged exchange
rates or systems of limited exchange rate variability, such as the EMS. While cen-
tral bankers typically assert that they have this flexibility, and empirical evidence is
supportive of this claim, existing theoretical models of exchange rate determination,
including sticky price models (e.g. Dornbusch), and equilibrium models (e.g. Stock-
man, Lucas), are silent on this issue. This paper developed an optimizing two-country,
two good model in which the degree of price flexibility varies across different sectors
of the economy, and uses the model to investigate the effects of money supply changes
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on the exchange rate, home and foreign nominal and real interest rates, sectoral pro-
duction in each country, and the pattern of international trade. We demonstrated
how monetary shocks can have liquidity effects on interest rates both within and
across countries, and can introduce a cross-country interest differential. Unexpected
changes in money affect sectoral production as well as overall GDP. An important
new result of our two-sector model is that a country can peg its exchange rate while
maintaining a high degree of short-term independence of monetary policy.
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Table 1

Home Money Falls from 10 to 9.8

o0ld New % excess of SR
SS SR SS to new SS
PY 7.333 7.183 7.187 -0.05404
pyf 7.333 7.334 7.334 0.002204
i 1.01 1.537 1.01 0.5267°
if 1.01 1.48 1.01 0.4696°
e 1. 0.9794 0.98 -0.05624
eP* /P 1. 0.9896 1. -1.04
1x 0.6534 0.6427 0.6534 -1.636
1xf 0.6534 0.6532 0.6534 -0.02694
ly 0.6534 0.6499 0.6534 -0.5391
1yf 0.6534 0.6535 0.6534 0.01714
GNP 1.364 1.35 1.364 -0.9847
GNPf 1.364 1.364 1.364 0
n 1.307 1.293 1.307 -1.088
nf 1.307 1.307 1.307 0
ex—-x 0 -0.001421 0.00001587
ex-y 0] ~0.001706 0.00001587
cons-x 0.6818 0.6732 0.6818 -1.263
cons-xf 0.6818 0.6802 0.6818 -0.2303
cons-y 0.6818 0.6802 0.6818 -0.2327
cons-yf 0.6818 0.6802 0.6818 -0.2325
prod-x 0.6818 0.6718 0.6818 -1.474
prod-xf 0.6818 0.6817 0.6818 -0.02425
prod-y 0.6818 0.6785 0.6818 -0.4853
prod-yf 0.6818 0.6819 0.6818 0.01543
lambda 0.1467 0.1504 0.1497 0.5214
lambdaf 0.1467 0.1473 0.1467 0.4649
utility = 722.65 utilityf = 722.651
felicity = 7.23 felicityf = 7.223
bonds = -0.0228



Table 2

Home and Foreign Money Fall from 10 to 9.8

olad New % excess of SR
S§S SR S§S to new SS
PY 7.333 7.183 7.187 -0.05193
pyf 7.333 7.183 7.187 -0.05193
i 1.01 2.012 1.01 1.002
if 1.01 2.012 1.01 1.002
e 1. 1. 1. 0
eP* /P 1. 1. 1. 0
1x 0.6534 0.6426 0.6534 -1.657
1xf 0.6534 0.6426 0.6534 -1.657
ly 0.6534 0.65 0.6534 -0.518
1yf 0.6534 0.65 0.6534 -0.518
GNP 1.364 1.35 1.364 -0.9847
GNPf 1.364 1.35 1.364 -0.9847
n 1.307 1.293 1.307 ~-1.087
nf 1.307 1.293 1.307 -1.087
ex-x 0 0] 0
ex-y 0 0 0
cons-x 0.6818 0.6716 0.6818 -1.492
cons-xf 0.6818 0.6716 0.6818 -1.492
cons-y 0.6818 0.6786 0.6818 ~-0.4664
cons-yf 0.6818 0.6786 0.6818 ~0.4664
prod-x 0.6818 0.6716 0.6818 -1.492
prod-xf 0.6818 0.6716 0.6818 -1.492
prod-y 0.6818 0.6786 0.6818 -0.4664
prod-yf 0.6818 0.6786 0.6818 -0.4664
lamda 0.1467 0.1511 0.1497 0.9917
lambdaf 0.1467 0.1511 0.1497 0.9917
utility = 722.65 utilityf = 722.651
felicity = 7.226 felicityf = 7.226

bonds = 0



Table 3

Home Money Falls from 10 to 9.8

(when elasticity of substitution = 2)

0ld New % excess of SR

g§S SR SS ta _new SS
PY 7.333 7.193 7.187 0.09361
pyf 7.333 7.334 7.334 0.002712
i 1.01 1.496 1.01 0.4855%
if 1.01 1.588 1.01 0.5777%
e 1. 0.9808 0.979¢% 0.09089
eP* /P 1. 0.9903 1. -0.9674
1x 0.6534 0.6322 0.6534 -3.243
1xf 0.6534 0.6532 0.6534 -0.03315
ly 0.6534 0.6596 0.6534 0.94
lyf 0.6534 0.6536 0.6534 0.0211
GNP 1.364 1.349 1.364 -1.057
GNPf 1.364 1.364 1.364 0
n 1.307 1.292 1.307 -1.152
nf 1.307 1.307 1.307 0
ex-X 0 -0.001719 0.00001953
ex-y 0 -0.002125 0.00001953
cons-=Xx 0.6818 0.6636 0.6818 -2.669
cons=-xf 0.6818 0.6799 0.6818 -0.279
cons-y 0.6818 0.6897 0.6818 1.16
cons-yf 0.6818 0.6798 0.6818 -0.2899
prod-x 0.6818 0.6619 0.6818 -2.924
prod-xf 0.6818 0.6816 0.6818 -0.02984
prod-y 0.6818 0.6876 0.6818 0.8456
prod-yf 0.6818 0.682 0.6818 0.01899
utility = 722.65 utilityf = 722.651
felcity = 7.23 felicityf = 7.222
bonds = -0.02806
lambda 0.1467 0.1504 0.1497 0.4806
lambdaf 0.1467 0.1475 0.1467 0.572
Notes:

s gifference between SR and new SS in percentage points



Table 4

Home Money Falls from 10 to 9.8
{a -> 0.6, s ->2,d->0.9, v->1, beta => 0.99, rho -> 2}

0ld New % excess of SR

SS SR SS to new SS
PY 7.129 6.995 6.987 0.1211
pYf 7.129 7.13 7.13 0.007518
i 1.01 1.661 1.01 0.6505%
if 1.01 1.776 1.01 0.766%
e 1. 0.981 0.9799 0.1136
eP* /P 1. 0.9868 1. -1.32
1x 0.869 0.8442 0.8691 -2.856
1xf 0.869 0.8687 0.869 -0.04397
ly 0.4158 0.4209 0.4158 1.218
1yt 0.4158 0.4161 0.4158 0.0672
GNP 1.334 1.315 1.334 -1.432
GNPEf 1.334 1.334 1.334 0.0001782
n 1.285 1.265 1.285 -1.538
nf 1.285 1.285 1.285 0
ex-X 0 -0.002941 0.00003348
ex-y 0 -0.002069 0.00001724
cons-x 0.8813 0.8616 0.8813 -2.237
cons-xf 0.8813 0.878 0.8813 -0.3695
cons-y 0.4539 0.461 0.4539 1.555
cons~yf 0.4539 0.4521 0.4539 -0.3916
prod-x 0.8813 0.8586 0.8813 -2.575
prod-xf 0.8813 0.881 0.8813 -0.03958
prod-y 0.4539 0.4589 0.4539 1.095
prod-yf 0.4539 0.4542 0.4539 0.06048
utility = 727.322 utilityf = 727.322
felcity = 7.278 felicityf = 7.268
bonds = -0.03722
lambda 0.1442 0.1481 0.1471 0.644
lambdaf 0.1442 0.1453 0.1442 0.7583
Notes:

@ difference between SR and new SS in percentage points



Table S

Home Money Falls from 10 to 9.8

{a -> 0.4, ->2,d->0.9, v->1, beta => 0.99, rho -> 2}
old New % excess of SR
SS SR SS to new SS
PY 7.675 7.526 7.521 0.06231
pyf 7.675 7.675 7.675 0.0008545
i 1.01 1.328 1.01 0.3183°
if 1.01 1.391 1.01 0.3806°
e 1. 0.9806 0.98 0.06145
eP* /P 1. 0.9939 1. -0.6061
1x 0.4158 0.4007 0.4158 -3.64
1xf 0.4158 0.4157 0.4158 -0.02183
ly 0.869 0.8745 0.869 0.6249
1yf 0.869 0.8691 0.869 0.004576
GNP 1.334 1.325 1.334 ~-0.6672
GNPE 1.334 1.334 1.334 -0.00004198
n 1.285 1.275 1.285 -0.7552
nf 1.285 1.285 1.285 0
ex-x 0 -0.000755 0
ex-y 0 -0.001722 0.00001662
cons~-X 0.4539 0.4398 0.4539 -3.113
cons-xf 0.4539 0.4531 0.4539 -0.1841
cons-y 0.8813 0.888 0.8813 0.7594
cons-yf 0.8813 0.8796 0.8813 -0.1894
prod-x 0.4539 0.439 0.4539 -3.282
prod-xf 0.4539 0.4538 0.4539 -0.01965
prod-y 0.8813 0.8863 0.8813 0.5622
prod-yf 0.8813 0.8814 0.8813 0.004118
lambda 0.1442 0.1476 0.1471 0.3151
lambdaf 0.1442 0.1447 0.1442 0.3768
utility = 727.322 utilityf = 727.322
felcity = 7.276 felicityf = 7.271
bonds = -0.01848
Notes:

a gifference between SR and new SS in percentage points



Table 6a

Home Money falls to 9.8

Foreign Money Falls to 9.7, then to 9.80098;

0ld New % excess of SR
SS SR S§s to new SS

PY 7.333 7.18 7.187 -0.1047
pYE 7.333 7.18 7.187 -0.1047
i 1.01 3.041 1.01 2.031°
if 1.01 3.041 1.01 2.031°%
e 1. 1. 1. 0
eP* /P 1. 1. 1. )
1x 0.6534 0.6463 0.6534 -1.081
1xf 0.6534 0.6317 0.6534 -3.309
ly 0.6534 0.6466 0.6534 -1.042
lyf 0.6534 0.6466 0.6534 -1.031
GNP 1.364 1.351 1.364 -0.9563
GNP 1.364 1.337 1.364 -1.977
n 1.307 1.293 1.307 -1,.062
nf 1.307 1.278 1.307 -2.181
ex-X 0 0.006849 -0.00003582
ex-y 0 -0.00003549 -0.00003582
cons-Xx 0.6818 0.6683 0.6818 -1.983
cons-xf 0.6818 0.6683 0.6818 -1.984
cons=-y 0.6818 0.6754 0.6818 -0.9387
cons-yf 0.6818 0.6754 0.6818 -0.9392
prod-x 0.6818 0.6751 0.6818 -0.9735
prod-xf 0.6818 0.6614 0.6818 -2.983
prod-y 0.6818 0.6754 0.6818 -0.9387
prod-yf 0.6818 0.6754 0.6818 -0.9288
lambda 0.1467 0.1527 0.1497 2.011
lambdaft 0.1467 0.1527 0.1497 2.011
utility = 722.651 utilityf = 722.65
felcity = 7.219 felicityf = 7.233
bonds = 0.05149
Notes:

a gifference between SR and new SS in percen

tage points



Table 6b

Foreign Money Falls to 9.85, then to 9.79952;
Home Money falls to 9.8

0ld New % excess of SR

SS SR SS to new SS
PY 7.333 7.185 7.187 -0.02561
pyf 7.333 7.185 7.187 -0.02561
i 1.01 1.503 1.01 0.4928°
if 1.01 1.503 1.01 0.4928°
e 1. 1. 1. 0
eP* /P 1. 1. 1. 0
1x 0.6534 0.6407 0.6534 -1.944
1xf 0.6534 0.648 0.6534 -0.8296
ly 0.6534 0.6518 0.6534 -0.2558
1yf 0.6534 0.6517 0.6534 -0.2613
GNP 1.364 1.35 1.364 -0.9988
GNP 1.364 1.357 1.364 -0.4888
n 1.307 1.292 1.307 -1.1
nf 1.307 1.3 1.307 -0.54
ex-x (0] ~-0.003424 0.00001765
ex-y 0 0.0000176 0.00001765
cons=x 0.6818 0.6733 0.6818 -1.247
cons=-xf 0.6818 0.6733 0.6818 -1.247
cons-y 0.6818 0.6802 0.6818 -0.2303
cons-yf 0.6818 0.6802 0.6818 -0.23
prod-x 0.6818 0.6699 0.6818 -1.752
prod-xf 0.6818 0.6767 0.6818 -0.7469
prod-y 0.6818 0.6803 0.6818 ~0.2303
prod-yf 0.6818 0.6802 0.6818 -0.2352
lambda 0.1467 0.1504 0.1497 0.4879
lambdaf 0.1467 0.1504 0.1497 0.4879
utility = 722.651 utilityf = 722.651
felcity = 7.23 felicityf = 7.223
bonds = -0.02536
Notes:

8 dgifference between SR and new SS in percentage points



Foreign Money Falls to 9.90,

Table 6¢

then to 9.79904;

Home Money falls to 9.8

old New % excess of SR

SS SR Ss to new SS
PY 7.333 7.186 7.186 0.0006377
pyf 7.333 7.186 7.186 0.0006377
i 1.01 0.9979 1.01 -0.01224"
if 1.01 0.9979 1.01 -0.01224"®
e 1. 1. 1. 0
eP* /P 1. 1. 1. 0
1x 0.6534 0.6389 0.6534 -2.232
1xf 0.6534 0.6534 0.6534 -0.00174
ly 0.6534 0.6535 0.6534 0.006378
1yf 0.6534 0.6534 0.6534 -0.004466
GNP 1.364 1.35 1.364 -1.013
GNPEf 1.364 1.364 1.364 0.006979
n 1.307 1.292 1.307 -1.113
nt 1.307 1.307 1.307 0.007741
ex-x 0 -0.006849 0.00003512
ex-y 0 0.00003512 0.00003512
cons-Xx 0.6818 0.675 0.6818 -1.001
cons-xf 0.6818 0.675 0.6818 -1.001
cons-y 0.6818 0.6818 0.6818 0.00574
cons~-yf 0.6818 0.6819 0.6818 0.006282
prod-x 0.6818 0.6681 0.6818 -2.011
prod-xf 0.6818 0.6818 0.6818 -0.001566
prod-y 0.6818 0.681°9° 0.6818 0.00574
prod-yf 0.6818 0.6818 0.6818 -0.004019
lambda 0.1467 0.1497 0.1497 -0.01212
lambdaf 0.1467 0.1496 0.1497 -0.01212
utility = 722.651 utilityf = 722.651
felcity = 7.234 felicityf = 7.219
bonds -0.05047
Notes:

® difference between SR and new SS in percentage points



Table 64

Foreign Money Falls to 9.95, then to 9.79857;
Home Money falls to 9.8

0ld New % excess of SR

Ss SR SS to new SS
PY 7.333 7.188 7.186 0.02683
pyf 7.333 7.188 7.186 0.02683
i 1.01 0.4966 1.01 -0.5135°
if 1.01 0.4966 1.01 -0.5135°
e 1. 1. 1. 0
eP* /P 1. 1. 1. 0
1x 0.6534 0.637 0.6535 -2.519
1xf 0.6534 0.6589 0.6534 0.8267
ly 0.6534 0.6552 0.6535 0.2686
1yf 0.6534 0.6551 0.6534 0.2524
GNP 1.364 1.35 1.364 -1.027
GNP 1.364 1.37 1.364 0.5026
n 1.307 1.292 1.307 -1.125
nf 1.307 1.314 1.307 0.5558
ex-x 0 -0.01027 0.00005241
ex-y 0 0.00005254 0.00005241
cons-X 0.6818 0.6767 0.6818 -0.7561
cons-xf 0.6818 0.6767 0.6818 -0.7553
cons-y 0.6818 0.6835 0.6818 0.2417
cons-yf 0.6818 0.6835 0.6818 0.2425
prod-x 0.6818 0.6664 0.6819 -2.27
prod-xf 0.6818 0.6869 0.6818 0.7437
prod-y 0.6818 0.6835 0.6819 0.2417
prod-yf 0.6818 0.6834 0.6818 0.2271
lambda 0.1467 0.1489 0.1497 -0.5084
lambdaf 0.1467 0.1489 0.1497 -0.5084
utility = 722:651 utilityf = 722.651
felcity = 7.237 felicityf 7.216
bonds = -0.07533
Notes:

& gifference between SR and new SS in percentage points



Table 7

{a -> 0.5, s -> 0.5, d -> 0.9, v -> 1, beta -> 0.99, rho -> 2}

mpr=9.8 mprf=9.9 mprpr=9.8 mprprf=9.9

01d New % excess of SR
Yy2 Ss SR SS to new SS
PY 7.333 7.22 7.186 0.4639
pyf 7.333 7.22 7.26 -0.5606
i 1.01 1.23 1.01 0.2204
if 1.01 2.273 1.01 1.263
e 1. 1. 0.9898 1.03
eP* /P 1. 1. 1. 0
1x 0.6534 0.6054 0.6534 -7.358
1xf 0.6534 0.6855 0.6534 4.908
ly 0.6534 0.6844 0.6534 4,737
1lyf 0.6534 0.6177 0.6534 -5.477
GNP 1.364 1.347 1.364 -1.239
GNPf 1.364 1.361 1.364 -0.2218
n 1.307 1.29 1.307 -1.31
nf 1.307 1.303 1.307 -0.2734
ex-x 0 -0.03768 0.0000352
ex-y 0 0.03136 0.0000352
cons-x 0.6818 0.6742 0.6818 -1.115
cons-xf 0.6818 0.6742 0.6818 -1.115
cons-y 0.6818 0.6795 0.6818 -0.3398
cons-yf 0.6818 0.6795 0.6818 -0.3393
prod-x 0.6818 0.6365 0.6818 -6.647
prod-xf 0.6818 0.7119 0.6818 4.407
prod-y 0.6818 0.7108 0.6818 4.254
prod-yf 0.6818 0.6481 0.6818 -4.,943
lambda 0.1467 0.15 0.1497 0.2182
lambdaf 0.1467 0.15 0.1481 1.251
utility = 722.6 utilityf = 722.7
felicity = 7.233 felicityf = 7.219
bonds = -0.05059

u=722.65uf=722.651



{a -> 0.5, s => 0.5, d -> 0.9,

Table 8

v -> 1, beta -> 0.99, rho -> 2}

mpr=10. mprf=9.9 mprpr=10. nprprf=9.9
old New % excess of SR
dy3 Ss SR SS to_new S8
PY 7.333 7.334 7.333 0.001095
pyf 7.333 7.258 7.26 -0.02687
i 1.01 1.243 1.01 0.2334
if 1.01 1.272 1.01 0.2617
e 1. 1.01 1.01 0.02798
eP* /P 1. 1.005 1. 0.5203
1x 0.6534 0.6533 0.6534 -0.01095
1xf 0.6534 0.6481 0.6534 -0.8143
ly 0.6534 0.6535 0.6534 0.01095
lyf 0.6534 0.6517 0.6534 -0.266
-8
GNP 1.364 1.364 1.364 5.396 10
GNPE 1.364 1.357 1.364 -0.4898
n 1.307 1.307 1.307 0]
nf 1.307 1.3 1.307 -0.5426
-6
ex-X 0 0.0007075 -7.881 10
-6
ex-y 0 0.0008494 -7.881 10
cons-x 0.6818 0.681 0.6818 -0.1148
cons-xf 0.6818 0.6775 0.6818 -0.6306
cons-y 0.6818 0.681 0.6818 -0.1159
cons-yf 0.6818 0.681 0.6818 -0.116
prod-x 0.6818 0.6817 0.6818 -0.009855
prod-xf 0.6818 0.6768 0.6818 -0.7332
prod-y 0.6818 0.6819 0.6818 0.009855
prod-yf 0.6818 0.6802 0.6818 -0.2394
lambda 0.1467 0.147 0.1467 0.2311
lambdaf 0.1467 0.1485 0.1482 0.2591
utility = 722.7 utilityf = 722.7
felicity = 7.225 felicityf = 7.228
bonds = 0.01156

u=722.651uf=722.651



Table 9

{a -> 0.5, s -> 0.5, 4 -> 0.9, V => 1, beta =-> 0.99, rho -> 2}

mpr=10. nprf=9.9 mprpr=10. mprprf=10.0009
10. 10. 9.9 10.

o0ld New % excess of SR
dy3 gSs SR §S to _new SS
PY 7.333 7.334 7.334 0.00442
pyYf 7.333 7.326 7.334 -0.1082
i 1.01 1.951 1.01 0.9409
if 1.01 2.066 1.01 1.056
e 1. 1.00113 1. 0.1127
eP* /P 1. 1.001 1. 0.05635
1x 0.6534 0.6531 0.6534 -0.04421
1xf 0.6534 0.6466 0.6534 -1.031
ly 0.6534 0.6537 0.6534 0.04421
1yf 0.6534 0.6464 0.6534 -1.067

-7

GNP 1.364 1.364 1.364 8.796 10
GNPE 1.364 1.351 1.364 -0.953
n 1.307 1.307 1.307 0
nf 1.307 1.293 1.307 -1.058
ex-x 0 0.002835 -0.00003183
ex-y 0 0.003408 -0.00003183
cons-X 0.6818 0.6787 0.6818 -0.4603
cons-xf 0.6818 0.6783 0.6818 -0.5168
cons-y 0.6818 0.6786 0.6818 -0.4647
cons-yf 0.6818 0.6786 0.6818 -0.4652
prod-x 0.6818 0.6815 0.6818 -0.03979
prod-xf 0.6818 0.6755 0.6818 -0.9281
prod-y 0.6818 0.6821 0.6818 0.03979
prod-yf 0.6818 0.6752 0.6818 -0.9604
lambda 0.1467 0.148 0.1467 0.9315
lambdaf 0.1467 0.1482 0.1467 1.045
utility = 722.7 utilityf = 722.7
felicity = 7.22 felicityf = 7.233
bonds = 0.04668

u=722.651uf=722.651



ex-y
cons-g
cons-qf
cons-r
cons-rf
cons-y
cons-yf

prod-q
prod-rf
prod-y
prod-yf
lambda
lambdaf
bonds =

COOOOCOO P O0OO0OO0OO0o

OCOO0OO0OO0OOQO

LA

.556
.556
.01
.01

.5298
.5298
.9948
.9948
.525
.525

.2823
.2823
.2823
.2823
.9953
.9953

.5645
.5645
.9953
.9953
L1711
L1711

HPOOOOO HHERFEHOO [ unll i AR A

OO+ OO

429
.429
.762
.762

.5107
.5107
.002
.002
.512
.512

.2731
.2731
.2731
.2731
.001
.001

.5462
.5462
.001
.001
.1759
.1759

TABLE 10A

9

[eNeNeoNoNoNeNo] MO0 O0Oo

OCOOOOOo

e e

.8

425
425
.01
.01

.5298
.5298
.9948
.9948
.525
.525

.2823
.2823
.2823
.2823
.9953
.9953

.5645
.5645
.9953
.9953
L1746
L1746

ratio

0.06745
0.06745
0.752
0.752

0

-3.599
-3.599
0.6765
0.6765
-0.8091
-0.8091

-3.245
-3.245
-3.245
-3.245
0.6087
0.6087

-3.245
-3.245
0.6087
0.6087
0.7444
0.7444



10
caseyyl

Py
Pyt
1
if

e

1q
1rf
ly
1yf
n
nf

ex-y
cons-q
cons-qf
cons-r
cons-rf
cons-y
cons-yf

prod-q
prod-rf
prod-y
prod-yf
lambda
lambdaf
bonds =

[eNoNoNeNeNeie HHOOOO

[eNoNoNoNoNoNe

X

9.8

.556
.556
.01
.01

.5298
.5298
.9948
.9948
.525
.525

.2823
.2823
.2823
.2823
.9953
.9953

.5645
.5645
.9953
.9953
L1711
L1711
.08522

9.8 9.8
SR YA
6.445 6.425
6.426 6.424
-0.3553 1.01
-0.07828 1.01
1.003 1.
0.5185 0.5298
0.5152 0.5298
1.025 0.9947
0.9975 0.995
1.544 1.524
1.513 1.525
0.0125 -0.0001235
0.2769 0.2823
0.2769 0.2822
0.2752 0.2823
0.2752 0.2823
1.01 0.9953
1.01 0.9953
0.5537 0.5645
0.5505 0.5645
1.023 0.9952
0.9978 0.9955
0.1722 0.1746
0.1727 0.1746

TABLE 10B

ratio

0.304
0.02587
-1.365
-1.088
0.2781

-2.116
-2.758
3.082
0.2852
1.275
-0.7892

-1.907
-1.908
-2.486
-2.487
1.501
1.5

-1.907
-2.486
2.77

0.2567
-1.352
-1.077



TABLE 10C

9.6 9.8 9.8 9.8

caseyyl Ss SR ZZ ratio
PY 6.556 6.413 6.424 -0.1741
pyf 6.556 6.432 6.425 0.109

i 1.01 3.953 1.01 2.943
if 1.01 3.659 1.01 2.649

e 1. 0.997 0.9998 -0.2828
1q 0.5298 0.5029 0.5298 -5.082
1rf 0.5298 0.5062 0.5298 -4.442
ly 0.9948 0.9778 0.995 -1.728
lyf 0.9948 1.006 0.9947 1.068
n 1.525 1.481 1.525 -2.893
nf 1.525 1.512 1.524 -0.8288
ex-y 0 -0.01252 0.0001285

cons-q 0.2823 0.2693 0.2823 -4.585
cons-qf 0.2823 0.2693 0.2823 -4.584
cons-r 0.2823 0.2709 0.2822 -4.,007
cons-rf 0.2823 0.2709 0.2823 -4.006
cons-y 0.9953 0.9925 0.9953 -0.2855
cons-yf 0.9953 0.9925 0.9953 -0.2841
prod-q 0.5645 0.5386 0.5645 -4.585
prod-rf 0.5645 0.5419 0.5645 -4.007
prod-y 0.9953 0.98 0.9955 -1.556
prod-yf 0.9953 1.005 0.9952 0.9609
lambda 0.1711 0.1797 0.1746 2.913
lambdaf 0.1711 0.1792 0.1746 2.622

bonds = 0.08863



