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UNANTICIPATED MONEY, OUTPUT, AND PRICES IN THE SMALL ECONOMY

by
W. Michael Cox and Halbert White

The purpose of this paper is to examine the relationship between output,
unanticipated price disturbances, and unanticipated monetary disturbances in
the small open economy. The hypothesis that unqnticipated price disturbances
have real effects follows from the work of Friedman (1968), Lucas (1972, 1973),
Sargent and Wallace (1975), and Barro (1976), Lucas (1973) generates a Phillips
curve type relationship between employment (output) and unanticipated price
disturbances based on the assumption that information is imperfect and expecta-
tions are formed rationally. The source of this relation is the inability of
individuals to discriminate between relative and absolute price disturbances.

In this framework, suppliers of labor services, for example, are more likely

" to respond to an increase in nominal wages if the price level is stable,

implying that the slope of the Phillips curve is determined by the variaﬁce
in the absolute price level relative to the variance in relative prices. The
hypothesis that unanticipated monetary disturbances cause movements in employ-
ment (with implications for output) was tested by Barro (1977) for the United
States. His findings suggest that this relationship is positive with substantial
explanatory value.

Although this provides valuable evidence for the case of the United States,
the results may not be directly applied to the case of most other economies.
This is because the determination of prices in somewhat smaller economies is not
completely endogenous to home markets. In addition, the above studies explicitly

consider an economy with a single centralized monetary shock, whereas in a
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somewhat smaller economy monetary shocks are likely to be generated from
several independent sources. Finally, transactions in each of the economies
may be conducted in a separate currency in which case the currency exchange
rate regime must be considered.

The primary feature of our study which distinguishes it from the work of
Lucas (1972, 1973), Sargent and Wallace (1975), and Barro (1976, 1977) is that
the economies considered are small. Smallness is taken to imply that the given
economy's contribution to the world demand for and supply of commodities and
bonds is insignificant, although clearly the implications may be generalized
to apply to any economy wherein the determination of prices is not compietely
endogenous to home markets. We explicitly consider a small open economy whose
monetary shocks have two components--the domestically generated monetary shock
and the foreign generated monetary shock. Primary interest is in determining
the impact of each of these shocks on the home price level, level of output, .
and money stbck under various exchange rate regimes.

The format of the paper is as follows. Section one presents the formal
two-country model (domestic vs. foreign) cast in a monetary framework. The two
key assumptions of the setup are that the home country is small and expectations
are formed rationally. Section two is devoted to outlining the money supply
processes of the two countries. In section three we develop the implications
of the model for the home price level, money supply, and level of output under
the alternative regimes of a fixed, flexible, and managed exchange rate. This
is followed in section four by an examination of the optimal (from the standpoint
of monetary autonomy and minimizing the international transmission of disturbances) .
exchange rate system. Section five focuses on the implications of the model for

the exchange rate. In section six we summarize the results.
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[. Formal Analysis

The formal setup consists of the

Domestic Money Demand Function: M:
Domestic Monetary Equilibrium: Mg
. . *d
Foreign Money Demand Function: Mt
. s *d
Foreign Monetary Equilibrium: Mt
Domestic Output Function: Yt
Foreign Qutput Function: Y;
Purchasing Power Parity Pt
Interest Parity: re
Fisher Equations: it
"
t
Determination of Real Rate: r;
Rational Expectations: X%
e
xt+j
Unanticipated Disturbances: X

following equations:

[
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With the exception of it and re all variab]es are expressed in logarithms.
An asterisk denotes the foreign country, t denotes the time period, and the
superscripts d and s indicate demand and supply, respectively. A1l random
error terms are assumed to be distributed with a zero mean, constant variance,

and serial independence. The definitions of the variables are:

M = the nominal stock of money,
P = the price level,
Y = the level of real income,

the nominal interest rate,

—.
n

the real interest rate,

-
[

rn = the natural real rate of interest,
E = the exchange rate = the number of units of the home
currency per unit of the foreign currency,
It
€, €, and T

information available in time period t,

random disturbance terms.

In the analysis that follows, the parameters a and b are assumed to be the same
in both countries.

There are a number of important featureé of this setup. We begin by
considering each of these individually. First, the model is cast in an equi-
Tibrium setting. Transactions are assumed to take place only at values of the
variables which clear all markets] The specification of each of the above
equations depends critically upon this assumption. Were transactions allowed

to take place at disequilibrium prices, equations (5) through (11) would be

]As indicated by Clower (1965), and Barro and Grossman (1976, chapter 2)
the form of demand and supply functions will generally differ in disequilibrium
analysis from their counterparts in an equilibrium framework due to the additional
set of constraints which the individual faces. Here this is particularly
relevant for equations (1), (3), (5), and (6).
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immediately violated as well as the method of forecasting future values of the
variables from equilibrium states of the model, Most importantly, however, we
would not be able to summarize the workings of the economies through the money
demand and monetary equilibrium conditions. Although these considerations
provide interesting avenues for possible future research, they are not explored
here. All prices are assumed to move instantaneously to clear markets. Further-
more, all transactions involving goods or bonds are assumed to require money.
These assumptions allow us via Walras' Law to summarize the net transactions

of the goods market and the bond market through the money market. This is the
essence of .the monetary approach.

A second important feature of the model is that expectations are formed
rationally. In short this means that economic agents use all currently available
relevant information in forecasting the value of a given variable. This informa-
tion set specifically includes the structure of the entire economic system as
summarized by equations (1) through (14). Equation (12) denotes the forecasts
of all current (period t) variables as based on prior (period t-1) information,
whereas equation (13) defines forecasts of future (period t+j, j = 1,...,®)
variables as based on current (period t) information.. We follow this convention
to avoid carrying the superscripts e(t) and e(t-1) throughout the model. It
should be noted that forecasts of period t+j (j = 1,...,») variables made in
period t bear an additional significance to the extent that these forecasts
differ from the forecasts made in period t-1. This is because any new informa-
tion which permits an improved forecast of a variable will in general introduce
the potential for profitable use of that information., These forecasting revisions
must be accounted for but should be distinguished from the original forecasts
since they are unanticipated. We denote the aggregate of these revisions by

the term Vt'
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There are several other features of the model which follow from the use of
rational expectations. One of these is the determination of output. We assume
that output is independent of the systematic part of the price level but affected
by unanticipated changes in prices.2 The slope of this Phillips curve relation-
ship corresponds to the coefficients y and § in our model. Presumably, the
temporary rigidity of labor flows between countries permits each country to
have a different Phillips curve slope, although this feature is not crucial to
the present study.3 For the United States, Barro (1977) has found this relation-
ship to be positive and have considerable explanatory value for unemployment,
although the size of the coefficient cannot be inferred directly since his tests
were conducted using unanticipated money rather than unanticipated prices. In
our model, the distinction between unanticipated money disturbances and un-
anticipated price disturbances later becomes crucial for determining the
influence of foreign monetary disturbances under various exchange rate regimes.

Notice also that the foreign real rate of interest (rg) is assumed to be

independent of the systematic part of the foreign price level (Pg) but affected

2Our particular formulation of equation (5) (and (6)) says that output
responds to the unanticipated price variable ﬁt 2 Pt - EEPtIIt_1]. This

corresponds to Lucas' (1973) formulation of the supply equation. Barro (1976)
models Y, as depending on (Py - EEPt+1IItJ). The problem with this form, for

our purposes, is that a simple increase in the rate of inflation (generated,
say, by an increase in the money growth rate) will have supply effects. This
formulation could be used here if the supply equation were adapted to account
for a systematic inflation rate. The properties of this setup, however, are
virtually identical to those of our formulation, hence we prefer the simpler

form of 5t‘ Notice that it has the virtue of extracting out the systematic
rate of inflation.

3As Ron Jones has pointed out to us, among technological differences and
other factors, the presumed information lag between the commodity and labor
market in each country is sufficient to invalidate the factor-price equilization
t?eorem in our study, so that each country may have a separate Phillips curve
slope.
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by unanticipated changes in foreign prices (5%). As pointed out by Sargent
(1973), this result can be rationalized along lines similar to the above
discussion concerning the effects of unanticipated price disturbances on output.4
One would expect the sign of this relationship to be opposite that of the
relationship between unanticipated price disturbances and output since positive
movements in output should reduce the real rate of interest. The magnitude of
the coefficient is determined by the magnitude of the Phillips curve slope
together with the slope of the aggregate expenditure (IS) curve. Specifically,
k equals 8/c where ¢ represents the interest sensitivity of foreign commodity
demand (AY;/Ar;).

Another aspect of our treatment of interest rates concerns the choice of
a money demand function. We use the semi-logarithmic money demand form of
Cagan (1956). This money demand form is identical to that used in earlier
studies of the monetary approach except that it provides a consistent ex-

nlanation of the demand for money at zero and even negative rates of nominal

4For a discussion of this see Sargent (1973, pp. 434-44). The real interest
rate equation (11) in our model follows from the foreign country supply equation
(6) and a foreign aggregate demand (IS) curve

d*
t *
where A{e represents systematic demand and e: represents the random component

of aggregate foreign demand, The home country commodity demand and supply
equations have been omitted by the assumption of home country smallness.

d to Y{S (which equals Y}) and solving for r} gives

vgd=A;e-cr’;:+e

Equating Yg

re = (Ax€oy2®) 0 o (5/¢)Px + (e*-ed*)/c.

t t 't t t "t
Hence (A{e-Yge)/c corresponds to r¥, §/c corresponds to k, and (eg—eg*)/c corre-
sponds to r{ in (11). For simplicity, we assume that systematic demand (A;e)
grows at the same rate as systematic supply (Y%e) so that the natural part of

the real rate of interest remains constant over time. Notice also that «x is
directly related to the slope of the foreign aggregate expenditure curve (1/c)>
and foreign Phillips curve slope (8).
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. interest. The primary advantage of this money demand form, however, is that

it allows for a separation of the nominal interest rate into its real and

(®

inflationary components, thereby permitting forecasts of future rates of in-

flation to be generated within the model, Sargent and Wallace (1973) have .

successfully applied this money demand function (the real component of the
interest rate was omitted in their study) in the context of a rational ex-
pectations model to test the hyperinflationary periods of Germany, Austria,
and several other European countm’es.5 Bilson (1977a) presents a monetary
model of exchange rates using the semi-logarithmic money demand form with
rational expectations, and later (1977b) successfully applies the model to
the 1971-1975 experience of the United Kingdom.

Throughout the study we use the variables M® and Y€ to denote the systematic

t t
part of current money and income, respectiVely. Unanticipated movements in-
money (ﬂt) and income (Vt) are constructed such that they are orthogonal to
Mi and Yi, based on period t-1 information. We follow this procedure to preserve
the generality of the results.

The final feature of the model which should be noted is the particular use
of the monetary approach. Since we are interested in discriminating the impact
of domestic vis-a-vis foreign monetary policies, we treat the foreign country
as the rest-of-the-world throughout the study. In additibn, the home country
is assumed to be small enough so that for all practical purposes the foreign

price level and real interest rate are determined by the foreign economy and

given exogenously to the home country.

II. Specification of the Monetary Processes

The final task that remains before we can evaluate the implications of the

model is a specification of the monetary processes for the home and foreign

5For related work see also Bailey (1956), and Barro (1970).

i»



economy. By definition

Mt =m+ Ht’ and (15)
ME = e+ HE (16)

where H represents (the log of) high-powered money and m represents the (log of
the) money multiplier. High-powered money consists of international reserves
(R) and domestic credit (D). The variable D represents the domestic monetary
po]icy'variable of the home economy and D* represents that variable for the
foreign economy. In the case we are considering, the size of the foreign
economy implies that its high-powered money measures, for all practical
purposes, the level of domestic credit, so that we may replace H; by D{ in
equation (16). It follows from our definition of unanticipated monetary
disturbances that ﬁg equals 5;. This equivalence later becomes convenient

in the presentation of the reduced form equations.

For the home central bank we postulate a money supply function of the

form
Mt =g +m+ Dt - v[Et-on : (17)

The parameters g and v as well as the target exchange rate (Eo) and level of
domestic credit (Dt) are determined by the central bank of the home country.
By selecting a value for 8, given v, Eo’ and Et' the home monetary authorities
can control the composition of high-powered money between international
reserves and domestic credit. By choice of the magnitude of v the central

bank can determine the degree to which it supports the target exchange rate
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through its purchases and sales of international reserves, In general, v > 0
describes a policy of managing the exchange rate via intervention in the foreign
exchange market, which we term a managed float. It should be pointed out that
intervention is effective only to the extent international reserve movements
are allowed to affect the money supply and thereby the price level of the home
country. This follows from the assumptions of home country smallness and
purchasing power parity. Sterilization operations are not effective and there-
fore are not considered here.

This money supply function is general enough to characterize a policy of
fixing the exchange rate or allowing the exchange rate to float freely. As
vV > o, Mt becomes strongly reSponsive to deviations of Et from Eo, implying a
home central bank policy of fixing the exchange rate. v = 0 describes a
situation where the home central bank's monetary policy is independent of
movements in the exchange rate, thus describing a system of freely floating

(flexible) exchange rates.

III. Implications of the Model

Equations (1) - (17) summarize the system which we are interested in solving

for the values of P;,

is quite lengthy only the reduced form expressions will be presented here. We

Pt’ Yt’ Mt’ and Et' Since the derivation of each of these

invite the reader to consult the appendix for working through the model.

Since the home country is assumed to be small vis-i-vis the foreign country,
P; may be determined independently of equations (1), (2), (5), (7), (8), (9),
and (17). By equating Mgd and M{s after making the appropriate substitutions
from (3), (6), (10), (11), and (16), the foreign price level may be determined

as
- T odps®. - o 5 alywe 5
Py =m + “23._,2_19 DYt 1r3j§]8 Viejo1 * TaDp + VE 4 2 (18)
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where w] = br; + m* - k*,
Ty = 1/h,
Ty = a/b = am,,
my = n=1/(1 +as + b(xt1)), and
6 = b/(1+b).

The expression for each of the reduced form random error terms (et) and fore-
casting revision terms (Vt) is given in the appendix.

Equation (18) says that this period's (period t's) foreign price level is
determined partially by last period's forecast of this period's foreign money

variable (Dge) and foreign real income level (Yte), and partié]ly by this period's

*€
t+]

the error in the forecast of this period's foreign monetary policy--the un-

forecasts of the future values of those variables (D and Y;ij). In addition,
anticipated monetary disturbance--causes movements in P%. A similar result
nolds for each component of the e{ term, as well as those of the Vg expression.
As equation (18) makes clear, the systematic part of the foreign price
level is determined by the systematic parts of foreign real income and domestic
credit. We may deterﬁine the source of unanticipated movements in the foreign
price level by taking expectations of both sides of equation (18) conditioned
on the information available at time period t-1, then subtracting this result
from both sides of (18), This gives

=ﬂ5¥+v*+e*’ (19)

P £

*
t

where Mg = 1/7(1 + aé + b(k+1)) =n = Ty
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A one percentage point 5; does not imply a full one percentage point 3% since
the unanticipated price disturbances call forth (i) movements in output (hence
the term ad in the n expression), (ii) movements in the inflationary component
of the nominal interest rate (hence the term b), and (ii1) movements in the
real rate of interest (hence the term bk). Each of theﬁe causes a movement of
M;d toward M;s which precludes a unit impact on E?. The term n is used through-
out the model to summarize the net impact of 5{ on 3;.

Since eg is assumed to be random we are not interesteq in focusing on its
implications for the model. As for V;, to the extent new information is gained
between period t-1 and period t which allows improved forecasts of the policy

variable D¥_ ., the results are not uninteresting. However, revisions in the

t+j
forecast of D¥+j cause unanticipated price disturbances much in the same way
as unanticipated current monetary disturbances. For this reason we focus on

the impact of the unanticipated current monetary disturbances.6

The determination of Pt requires each equation of the model. One reason

is because the money stock of the home country is affected by movements in the

6Several special cases of revisions should perhaps be considered. If the
monetary authorities of the foreign economy are following a policy which allows
unanticipated disturbances in the level of domestic credit to accumulate over

time, then 5€-] will be incorporated into Dgfj, J=1,...,2 In this case an
unanticipated monetary expansion has effects which linger into the next period.
These effects come in the form of revisions in the forecast of D€+j’ Current
unanticipated money disturbances may also have effects on output which persist
into the future. In this case a 5;_] affects Y{ij and thereby Vi. From the
expression for V; (given in the appendix) it is clear that persistence effects
tend to reduce the unanticipated price disturbances in the immediately following
period since then 5%_] generate opposite Vt' Finally if the foreign monetary
authorities announce D¥+j which, in general, differ from E[D;+jllt_]],

(3 = 1,...,), then to the extent these announcements are believed, some
revision in the forecast of D¥+j is called for.
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exchange rate, and the exchange rate is determined by both Pt and P;. However,
even if the home authorities follow a monetary policy which is independent of

the foreign economy, as represented by setting v = 0 (flexible exchange rates),
Pt is sti11 partially dependent upon the foreign economy through the influence

of rz. The reduced form exprassion for the home price level is, in general

(s -]

P.=m. +my ) W0, - ) WYE . L 4w

J_ Jdynx€
(87-w™)DE 54

He~1 8

(20)

T (ed_yd)yse = 5
- "103.21(e WYVErg-1 Tl DT Ve e

where Te br; + [m + vm* - k - vk* + on + B1/(1+v)
ﬂ7 = Tg = 1/b = Tos

mg = Mg = a/b =7,

1/(1 + ay + b + v),
Mo = n(v-bx)/(1 +ay + b + v) = ﬂ]]ﬂ4(v-bK),

b/ (1+b+v).

€
n

The home price level is determined partially by the home money and income
variables and partially by the foreign money and income variab1e5.7
Notice that as v becomes large, w becomes small implying that the determina-

tion of P, shifts toward the foreign money and income variables and away from

t
the home factors. In the extreme case of fixed exchange rates (ww), w = 0 as

does the coefficient on the unanticipated domestic credit disturbance (n]1)

7

. . R - .
Here we have made use of the relation iy - 1{ = Et+] - Et which follows

from equations (7), (8), (9), and (10) and the hypothesis of rational ex-
pectations.
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implying that the home price level is completely contralled by the foreign
economy. In the opposite case of perfectly flexible exchange rates (v=0), ©
equals w implying that the systematic foreign money and income factors leave
Pt unaffected. However, unanticipated foreign monetary disturbances retain
some effect on home prices, as evidenced by the fact that Mo equals -bKﬂﬂ]].
This is because unanticipated foreign monetary disturbances cause unanticipated
foreign price disturbances which affect the real rate of interest, home money
demand and thereby the home price level. The implications of this are inves-
tigated in more detail in section four.

The factors causing unanticipated movements in the home price level may
be singled out by taking expectations of both sides of equation (20) conditioned
on the information available at time period t-1, and subtracting the result from

both sides of (20). This yields

Dy + mgDE * Vi + e (21)

where T3 = /(1 +ay +b +v) = Ty

Mg = n{v-bk)/(1 +ay + b + v) = LIPS

Notice that if the central bank of the home country wishes to maintain a policy
of fixed exchange rates (v»»), they must forfeit their ability to influence
(even temporarily) the domestic price level (n]3 + 0). Any unanticipated shocks
in the home monetary policy variable will be completely absorbed by the foreign
economy under a system of fixed rates.

We may now examine the implications of this setup for the level of home
output, home money supply, and the exchange rate. Substituting into equation

(5) for ﬁt gives

w
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- e ' D D
Yy Yt + "150t + “160€ + Vt’2 + e 2 (22)

where mo = y/(1 +ay + b+ v) = ymyqs and

n

M6 yn(v-bk)/(1 +ay + b +v) = NPT

The level of home output is the systematic part (Yi) plus or minus an amount
which depends on the unanticipated home and foreign monetary disturbances,
The factors determining the exchange rate may be jdentified by substituting

into equation (7) for P; and Pt‘ The result is

o © '
- J__e _ J ~ _ ~
Eg=my ¥ "183-21“’ Dieg1 "‘93-21“) Vorjo1 * T2y - 20t * Vi3t ez (23

where . = (mem* - k+k* + B + on)/(1+v),
g = 1/b = Tos
Mg = a/b‘= LEY
Tog = /(1 +ay + b +v) =y,
Ty = (14 an(y=-8))/(1 + ay + b + v) = m 1 + amy(y-8)1,
D =D - D,
Y=Y - Y,

The systematic part of the exchange rate is determined by the relative systematic
parts of money (D) and income (Y) for the two countries. Unanticipated
monetary disturbances cause unanticipated movements in the exchange rate. It is

clear that this result also applies to the case where the home central bank is
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allowing the exchange rate to float freely (v = 0). In the case of fixed ex-
change rates, of course, neither the systematic nor unanticipated factors affect
the exchange rate. This may be verified by letting v+ in equation (23) and
observing that each part of the above expression falls out except the target
exchange rate Eo’

Finally, we may identify the factors determining the home money supply by

substituting into equation (17) for Et‘ This gives

a e *a s Jjme - T jve
Mg = map * a3y + maely * "zsjgzw Dt "2sjz]w Vieja1
O his
+ gyt maglt * Vi g * e g (24)

where  m,, = [um*m + VE_ - vk* + vk + B1/(1+v),
Tog = 1 -vwb=1- TV,

1724 = \)(U/b = Wz\c‘w,

Tog = V/bs
1]'26 = av/b = 'IT3\),
Tyy = (T+ay+b)/(T+ay+b+v)=1- VT

Tog = V(1 + an(y-6))/(1 + ay + b + v) = VI

The money stock of the home country is determined by the systematic relative
income levels (Y:+j), systematic relative levels of domestic credit (5:+j),
and the current unanticipated home (5t) and foreign (5;) generated monetary
disturbances. An unanticipated home credit disturbance causes a less than

proportionate increase in the home money supply since the home central bank

must sell reserves to support the exchange rate. Similarly, a positive 5{
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implies an increase in Mt since the home authorities must purchase an additional
amount of the foreign currency.

This completes the derivation of the reduced form equations for the general
case of a managed float. The case of fixed exchange rates may be inferred by
allowing v in equations (22), (23), and (24), and that for flexible rates by
setting v = 0. For ease of reference we present these reduced form P., Y,,

M., and Et equations below. To further facilitate a comparison of the alternative

t’
exchange rate regimes we also summarize the coefficients on the unanticipated
home (5t) and foreign (5;) money disturbances in Tables I and 11.8

Consider first the case of fixed exchange rates. As Table 1 pgints out,
an unanticipated home money issue has no effect on the home price level, money
supply, or level of output under fixed exchange rates. On the other hand foreign
monetary disturbances have full impact on Pt’ Mt’ and Yt under fixed rates. An
unanticipated foreign money issue causes an increase in foreign prices and an
equiproportionate increase in home prices. The increase in home prices increases
the home demand for money thereby requiring the home central bank to buy inter-
national reserves in order to avoid an increase in P; relative to Pt’ that is to
avoid an appreciation of the exchange rate. The home money supply increases equi-
proportionately to the increase in the foreign money supply, plus or minus an
amount which depends on the comparative slopes of the home and foreign Phillips
curves. y > & requires a more than proportionate increase in the home money

stock since Eg (which equals ﬁt in this case) raises the home level of output,

80]ear1y, the specification of the home money supp1y equation (17) is not
critical to the reduced form Pt’ Yt’ Mt’ and E equations for the boundary cases

of fixed and flexible exchange rates, This is because in (17) M, is linearly
related to Dt The case of fixed exchange rates could then alternatively be de-
rived by setting E = EO and replacing Dt with M wherever it appears. For the
case of flexible rates, B+m+ Dy could simply be replaced by M., and Dt by Mt

|
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FIXED EXCHANGE RATES

- T oadve® L 0w
Pt = o9 * 2 008551 - 31j§]e irg-1 7 Tl Y Vet eeys
Y, = Y& - D% + v,
t = Ve " TPt Vi st e
- e 7e o
My = Taq * MgDE + mag¥y * T DE ¥ Vi 7t ety
E, = E,
FLEXIBLE EXCHANGE RATES
- T oipe . . - Jye 5. -
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TABLE I: Coefficients on B,

EXCHANGE RATE REGIME
Equation
Fixed Managed Flexible
1 1
Pt 0 T+ay+b+v 1+ay+b
Y 0 Y Y
t 1+ay+b+v 1+ay+b
1+ay+b
Mt 0 T+ay+b+v 1
1 1
Bt 0 Tray?b+v | Traysb
TABLE II: Coefficients on 5{
EXCHANGE RATE REGIME
Equation
Fixed Managed Flexible
P n(v-bk) -nbk
t n T+ay+b+v T+ay+b
yn(v-bk) -ynbx
Yt m 1+ay+b+v 1+ay+b
) W[ 1+an(y-8)]
Mt ]+an(Y 6) - ]+ay+b+\) 0
E 0 _ T+an(y-8) | _ 1+an(y-8)
t 1+ay+b+v 1+ay+b

thereby causing an increase in the demand for money in the home country relative
to the foreign country. The precise effect of 5; on Yt is governed by the slope
of the home Phillips curve (y) and the parameter n which equals 1/(1 + as + b(x+1)).

Most of the foreign monetary shock is absorbed by the foreign economy when the

foreign economy's Phillips curve slope (8) is large.

is small and y is large foreign monetary disturbances are heavily transmitted to

the home country's level of output under fixed rates.

On the other hand, when §
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Under a home central bank policy of flexible exchange rates the home money
supply is independent of unanticipated (or anticipated) foreign monetary dis-
turbances. This follows from the definition of freely floating exchange rates.
However, the monetary independence does not imply output independence since 5%
causes a movement if r; and a corresponding movement in Py The movement in re
in turn affects the home level of money demand, causing an unanticipated movement

in the home price level and thereby home output.

IV. A Comparison of Alternative Exchange Rate Systems

The purpose of this section is to investigate the implications of the model
for monetary autonomy and for the international transmission of disturbances.
It has become somewhat conventional lately to associate these two aspects with
the optimality of alternative exchange rate systems.

As Table II indicates, there are two channels whereby unanticipated
foreign monetary disturbances affect the home economy. The first of these is
through money f]owsv(represented by the term v) and the second is through move-
ments in the real rate of interest (represented by k). Under fixed exchange
rates the money flows dominate since the condition of purchasing power parity
must be maintained. An unanticipated domestic credit disturbance by the foreign
central bank implies an incipient excess supply of money and a depreciation in
the foreign currency. To prevent the foreign currency from depreciating, the
home country must buy an equivalent amount of international reserves at the
fixed rate Eo' Hence the mechanism which allows 5{ to affect ﬁt and thereby Yt
is the balance of payments.

Under flexible rates this channel of influence is closed and the real
interest rate effect dominates, Since a downward sloping aggregate foreign
expenditure (IS) curve implies «/§ > 0, the éffect of 5; on Yt under flexible

rates must always be opposite in sign to that of fixed rates. Assuming that

i»
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§ >0, it must he that « > 0 so that a one percentage point 5{ causes a net
increase in Yt of yn under fixed exchange rates but a net decrease in Yt of
ynbx/(1+ay+b) under flexible rates. More interestingly, given a sufficiently

steep foreign aggregate expenditure curve, the effect of ﬁz on Yt can be stronger
under flexible rates than under fixed rates. This result is particularly important
since it is commonly believed that to the extent monetary disturbances are trans-
mitted across countries under flexible rates, they simply yield a damped (by the

exchange rate) equivalent of the effects generated under fixed exchange rates.

The relevant comparison is clearly

Allv

1+ay+b
5 .

$
c
Hence a low interest sensitivity of foreign commodity demand (c¢) favors a heavier
transmission of unanticipated foreign money disturbances to the home level of
output under flexible rates than under fixed rates. |

It is also élear that the slope of the home (y) and foreign (8) Phillips
curves, the income elasticity of money demand (a), and the interest sensitivity
of money demand (b) play a major role in this question. Speéifica11y, a gkadually
sloped foreign Phillips curve, a low income elasticity of money demand, and a
high interest sensitivity of money demand favor a greater effect of'5¥ on Yt under

9

flexible rates than under fixed rates.” In addition, a steeply sloped (excepting

9This point may be made more relevant by postulating some reasonable values
for the parameters a, b, §, and y. Bailey (1956) has estimated the semi-logarithmic
money demand form for the hyper-inflationary periods of several European economies.
His estimates suggest an average value for b of approximately 5.11. Lucas (1973)
has estimated the output-inflation tradeoff for a number of economies. His
estimates of the Phillips curve slope range from a maximum of 10.11 (for the
United States) to a minimum of .40 (Sweden), The average y-value for fourteen
economies (excepting the United States, Argentina, Puerto Rico, and Paraguay) is
1.73. If we let the U.S. value of 10,11 represent the foreign Phillips curve
slope (§) and postulate a unitary income elasticity of money demand, this
yields a critical value for AY/Ar of approximately 6.61 which is not unreasonable.
We are currently attempting to test the hypotheses of our study for several
small economies over their respective fixed exchange rate periods.
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~

vertical) home Phillips curve favors a relatively greater transmission of
foreign disturbances to the home level of output under flexible lr'a'ces.]0 Each
of these factors favors a stronger impact of 5{ on r;, hence a stronger impact
of 5; on Mg, and thereby onto P,.

Regardless of the particular magnitudes of a, b, ¢, v, and &, it is clear
that unanticipated foreign monetary disturbances are transmitted to the home
price level and home level of output under both fixed and flexible exchange
rates. It is important to note, however, that because (i) fixed and flexible
rates represent boundary cases of the general case of a managed float, and because
(1) the sign of effect of 5; ‘on Pt under fixed rates is opposite that of
flexible rates, there must be some intermediate degree of intervention for which
Pt is independent of 5;. As Table II indicates, this degree of intervention is
precisely v = bk, since then the coefficient on 5{, given as n(v-bk)/(1 + ay + b + v),
equals zero. The rationale for this is straightforward. An unanticipated foreign
money expansion lowers the real rate of interest and thereby increases the demand
for money in the home country (as represented by the term bk). If thé home
monetary authorities allow an equal increase in the home money supply via the
balance of payments (set v = bk), then no home price disturbance will be required
to clear the home money market.

The central point is that the "dirty" float (perhaps inappropriately termed)
is the only exchange rate regime which insulates the home economy from unanticipated
foreign monetary disturbances, thereby allowing the home authorities monetary
autonomy. However, at least two other considerations are relevant here. The

first of these concerns the ability of the home monetary authorities to influence

the home economy through ﬁt' As Table I indicates, the coefficient on 5t in the

]OOf course foreign monetary disturbances are, in general, transmitted more
heavily to Yt when the slope of the home Phillips curve (y) is large,

"
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Pi» My, and Y, equations reaches its maximum value when v equals zero, The home
monetary authorities have maximum influence over the home economy under flexible
exchange rates. Although a managed float (specifically v = bk) permits the
authorities their desired monetary autonomy, it in turn reduces their ability to
influence the home economy through Bt' Notice that setting v equal to bk implies

that the coefficient on Et in thebP equation becomes 1/(1 + ay + b(K+])).]]

t
This indicates that the factors which favor a higher transmission of 5{ to Yt
under flexible rates also act to reduce the impact of Et on Yt under a man;ged
float. A gradually sloped foreign Phillips curve, a steeply sloped foreign
expenditure curve, and a high interest sensitivity of money demand all sharply
Timit the ability of the home monetary authorities to influence the home economy
under a managed rate policy. |

The second relevant consideration concerns the systematic foreign money and
income variables. Under flexible exchange rates the systematic foreign money
and income variables leave the home economy unaffected. However, the influence
of 5; remains. If the home central bank fo]lon a managed rate policy (specifically
v = bk) the influence of ﬁ{ is eliminated but the influence of systematic foreign
money and income variables is introduced. This is particularly important if the
foreign authorities are following a systematic monetary policy which results in
substantial price inflation. The implication then is that the home monetary
authorities must import systematic foreign inflation in order to insulate their

economy from the unanticipated foreign money disturbances, Once again, this

problem is intensified if the parameters §, b, and 1/c are large.
It would be easy to postulate an aggregate home country utility function

which depends on each of the above mentioned factors. Clearly, however, unless

1]Notice that this coefficient resembles n. The implication is that the
home and foreign monetary authorities will have equal (for y=8) abilities to
influence their respective economies when each have monetary autonomy.



-26-

the home country desires a corner solution in terms of the home monetary

1]

authorities influence (w4]), a corner solution in terms of importing systematic

foreign inflation (n3g,n40) or a corner solution in terms of the stability of

te

the exchange rate (Et = Eo), the optimal exchange rate policy calls for some
degree of intervention. If the home economy desires a corner solution in terms
of insulating their economy from the unanticipated foreign money disturbances
then clearly the optimal solution is to set v = bk. As v diverges upward from
bk the home monetary authorities gain stability in the exchange rate but in-
creasingly lose monetary autonomy, home monetary influence, and the home economy
becomes increasingly moré subject to the potential of importing the systematic
inflation of foreigners.‘ For this reason we would expect the optimal value for

v to lie somewhere within the (0,bk) range.

V. Implications for the Exchange Rate .

In this section we focus on the implications of the model for the exchange

.

rate. Primary attentioﬁ is given to the determinants of the exchange rate for
the general case of a managed float.

As equation (23) indicates, there are three basic sets of factors which
determine the exchange rate: (i) the parameters of the model--specifically
the target exchange rate (Eo) and the degree of intervention (v), (ii) the
systematic home and foreign money and income variables, and (iii) the unanticipated
home and foreign money disturbances. Systematic movements in the exchange rate

are determined by the systematic money and income variables and also, in

-

particular, by the target exchange rate (Eo) and degree of intervention (v).

Deviations from this trend--unanticipated movements in the exchange rate--result
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from unanticipated monetary disturbances, as well as forecasting revisions and
random d'ist:urbances.]2

Consider first the systemati; movements in Et' For ease of reference we
recall the managed exchange rate equation and present each of the coefficients

explicitly. This appears as

= m l 7 9‘ j j
Ep = (m - k+8+vE)/(1+v) + ¢ Z (1:5':\7) t+j-1 * b .7 ]+b+v t+;| -1
(23)
1+an(y-6)
* ]+ay+b+v Dt 1+ay+b+v D* * 3 ,3

where, once again, X = X-X*; X = m,k,D, and Y, The thrust of this equation is
that relative (home vs. foreign) money (5§+j) and income (Y:+j) variables set

the trend for the exchange rate. This trend is anchored by the target exchange
rate Eo' Intervention has the effect of weakening the influence of the s&stematic
money and income variables, and strengthening the influence of the target ex-
change rate. In effect v determines the ease with which D§+ and Yt+J are allowed
to drift Et away from Eo' In the extreme case of flexible exchange rates (v = 0)
the systematic pull of EO is released and the systematic relative money and income
are given maximum weight. In the opposite case of fixed exchange rates, the
influence of D:+3 and 7:+j is prevented. In lieu of influencing Et’ the systematic
money and income variables have full impact on Mt'

]ZApart from demonstrating the role of systematic and unanticipated monetary
policy in determining the exchange rate, the present analysis also emphasizes
the importance of announcements. For example, announcements of Dt+J or Dt+J

which, in general, differ from the past predictions of these variables cause Vt
as well as movements in DS,. and D*°. which become incorporated into the current

t+] t+j
Et'
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It should also be pointed out that the systematic part of current money

and income do not have full impact on the current exchange rate., This result

fo

holds even in the extreme case of flexible exchange rates (v = 0), as is evident
in equation (23) by the coefficient (T}E) on Di and (T%BQ on 7?. This is

because to the extent ﬁt and ?t were anticipated they were incorporated into

1

Likewise, the part of ﬁt+j and ?t+j (j =1,...,») that is

Eto1s Epops -
perceived becomes (with declining weights) part of Et‘

Although it is not immediately apparent from the reduced form Et equation

. =€
(23), the influence of Dt+j

(E§+1). The role of the forward exchange rate is introduced via equations (8)

and ?:+j enters through the forward exchange rate

through (10). Updating the purchasing power parity equation by one period and
taking expectations of both sides conditioned on the information available in

. . . e _ .e e . . . .
time period t gives Pt+1 = Et+1 + P¥+], which together with the Fisher relations,

(9) and (10), and the assumption of real interest parity (8), implies .
. ‘% = @ L s e _ C ik ed

i, - 1% = Et+] Et' The substitution of Et+1 Et for Te 1% simply

incorporates the characteristic of the model that the forward premium equals

(LY

the nominal interest rate differential. The determinants of the forward rate
(E§+]) are given by updating Et by one period and taking expectations conditioned
on the information available in time period t. Following this recursive process

introduces the influence of D§+] and Y§+j'through their perceived influence on

§§+j and thereby onto Et+j’ J=1,...,% The forward market has the effect of

stabilizing the exchange rate since it allocates the determination of Et’ with

declining weights, over the present and the infinite future, It is also clear

-

that a greater interest sensitivity of money demand (b) tends to shift the
determination of E, away from current relative money and income and toward the

expectations of the future values of those variables.
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We now turn to the unanticipated monetary disturbances. Notice from (23)
that a one percentage point unanticipated monetary disturbance implies
a1/(1 +ay + b + v) depreciation in the exchange rate from the standpoint of
the expanding currency. An unanticipated foreign monetary disturbance,
however, carries with it an additional an(y-8)/(1 + ay + b + v) depreciation
in the foreign currency.13 This is because 5; affects both Pt and P; through

the influence of r;. For vy > § the effect of 5; on P_ is proportionately less

t
than that on P¥. Proportionately more of the adjustment of money demand toward

t
money supply is made by the movement in output in the home country, hence the
foreign currency depreciates even further.

Another type of unanticipated disturbance which should be investigated
concerns devaluations. For this purpose consider the above equations which
represent the case of fixed exchanges rates. As the Pt equation points out,
an unanticipated devaluation in the home currency, represented by raising Et
from E0 to E1, causes an equivalent unanticipated home price increase. Tﬁis
is because P; is independent of the home country's actions and the condi-
tion of purchasing power parity must be maintained. An unanticipated deval-
uation of the home currency implies a positive current 5t hence an effect on
Y.. An unanticipated devaluation also has the effect of increasing the home

t
money stock.

On the other hand, if the monetary authorities of the home country announce
in period t that they will devalue in period t+1 (and they are believed) an
entirely different result follows. The anticipated next period devaluation has

no effect on the current home price level since P; is given exogenously to the

13A1though at first it may appear to be the case, an unanticipated positive

foreign money disturbance cannot cause an appreciation in the foreign currency.
Mathematically, 1im an(y~8) = ~1, hence the limiting value of
g

1 + an(y=6)1/(1 + ay + b + v) is zero for §, vy > 0,
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home country and the authorities are currently maintaining the exchange rate at
Eo' Hence there is no contemporaneous effect on Yeo

The anticipated next period devaluation, however, has the effect of decreasing
the current money stock of the home country; This implication is not apparent
from the reduced form Mt equation given above since this expression was derived
under the assumption that E:+j = Eo’ J=1,...,° As we show in the appendix,
the reduced form M, equation for a period during which a future (period t+1)

devaluation is announced appears as
= - 8 '_ e_.yx8 e . x
=k + E, ¥ m* + b(E-E;) + p(1 b)CD} a¥ptl +a¥, + DY + e 11 Ve (25)

This implies that an announced next-period (E]-Eo) devaluation of the home currency
causes a b(E]-Eo) current decrease in the money stock of the home currency. The
channel whereby the announced devaluation affects the home money stock is, of

course, the home nominal interest rate. Since, in general, 1t t :+] - Et.and

(*

ig is given exogenously to the home country, an announcement of a next-period

(E -E ) devaluation implies (if fully believed) that it must currently increase

e
relative to 1* by Et+1

reduces the home demand for money which requires an equal decrease in the home

= E1 - Eo' The increase in the home interest rate

money stock in order to maintain purchasing power parity at the current exchange
rate Eo'

This also points out that an announcement in period t of a devaluation in
period t+2, t+3, ..., will have no effect in the current period, This is because
E, = E5,. = E_, hence it must equal i¥, so that there is no mechanism whereby

t t+l 0? t ;
a forthcoming devaluation can yet affect the home demand for money,

Finally, we should investigate the implications for M Py, and Yt of a current

devaluation that was not unanticipated but instead was announced in period t-1.
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As we have just shown, such an announcement has the effect in period t-1 of
decreasing Mt.] but leaving Pt$1 and Yt—] unaffected, In period t, however, Pt
must increase proportionately to the increase in Et (from Eo to E1). In addition,
with no further anticipated devaluations, E:+] must equal Et at its new level
(E]). Hence it must equal i{. This implies that the home price level and

money stock will be at the same levels in period t regardless of whether the
devaluation was announced in period t-1 or whether it is unanticipated. However,
in the case where the devaluation was announced, the current price disturbance is
not unanticipated hence there is no effect of the devaluation on Yt' In addition,
with an announced devaluation the home money stock at first decreases (in the
announced period) and then increases rapidly (in the realized period), whereas

the home money stock simply increases in the current period when the home

currency is unexpectedly devalued.

VI. Conclusion

In this paper we investigate the determination of output, the price level,
and the money stock of a small open economy under various exchange rate regimes.
The formal setup centers around a two country world--home and foreign--where
the home country is small and the foreign economy comprises the rest-of-the-
world. A key feature of the model is the existence of an aggregate Phillips
curve type relationship between employment (output) and unanticipated price
disturbances in each of the economies. For the large economy, the implications
of this Phillips curve relationship have been examined by Lucas (1972, 1973),
Barro (1976, 1977), Sargent (1973), Sargent and Wallace (1975), and others.
Here, we focus on its implications for the small economy. In particular,
primary interest is in delineating the channels of home and foreign.monetary

influence, and in discriminating between the effects of home-generated and
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foreign-generated unanticipated monetary disturbances. As such, the model has

important implications for monetary autonomy and for the international trans-

e

mission of disturbances under the alternative regimes of a fixed, managed, and
flexible exchange rate. We are also able to identify the factors which determine .
the exchange rate and provide some insight into the optimal degree of intervention.
We will conclude by summarizing some of the main results.
The first of these is that unanticipated foreign monetary disturbances can
be transmitted to the home country more heavily under flexible exchange rates
than under fixed rates. This follows from the existence of a foreign and home
Phillips curve and a global aggregate expenditure (IS) curve, Together these
imply that unanticipated foreign monetary disturbances cause both reserve flows
and movements in the real part of the rate of interest. The reserve flows

dominate under fixed exchange rates and the interest rate effect dominates

[

under flexible rates. For a sufficiently steep aggregate expenditure curve

and a sufficiently responsive foreign Phillips curve the real interest rate

effect under flexible exchange rates can exceed that of the money movements under
fixed rates so that foreign disturbances are transmitted more heavily under flexible
rates than under fixed rates.

A second important result to note here is that these effects are of opposite
sign. An unanticipated foreign money expansion generates a positive unanticipated
home price disturbance to the extent the money supply of the home country is
increased, but an opposite unanticipated price disturbance to the extent the

real interest rate is decreased. The implication is that a dirty (?) float is

1o

the only exchange rate regime which allows a country to insulate itself from
the unanticipated foreign monetary disturbances. Although this permits the home

monetary authorities their desired monetary autonomy, it simultaneously reduces
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their ability to influence the home economy and opens the home economy to the
import of systematic foreign inflation.

In general, the factors determining the exchange rate are (i) the parameters
of the system--in particular, the target exchange rate and degree of intervention,
(ii) the systematic relative (domestic vs. foreign) money and income variables,
and (iii) the unanticipated money disturbances. The systematic part of the
current home money variable has a larger impact on the exchange rate than the
unanticipated part since an unanticipated money disturbance carries with it an
output response which partially offsets the effect on home prices. A similar
result holds for systematic and unanticipated foreign monetary disturbances;
however, unanticipated foreign monetary disturbances have an additional impact
which depends on the comparative slopes of the home and foreign Phillips curves.

Finally, an analysis of devaluation in this framework indicates that an
unanticipated devaluation of the home currency causes an unanticipated home
price increase, an increase in home output, and an increase in the home money
stock. An announced next-period devaluation, on the other hand, has the effect
of decreasing the home money stock in the announced period and increasing rapidly
the home money stock in the following period. No output effects are implied,
however. The mechanism whereby the announced devaluation effects the home
economy is the capital market. The announced devaluation implies a forward
home currency premium which forces an increase in the home nominal interest
rate currently in order to maintain interest parity. This also implies that
an announcement in period t of a devaluation in period t+2, t+3, etc. will have
no effect in the current period since there is no mechanism whereby a forth-

coming devaluation can yet affect the home demand for money.



APPENDIX

In the appendix we derive the results cited in the text.
The results for the foreign economy will be derived first. It is convenient
here to define Xe(t) as the rational expectation of X, formed in period t, and

Xe(t']) as the rational expectation of X, formed in period t-1. That is,

x(E1) = epx |1, 13, and

xiﬁ?) = EXylTds 3= Theense
J

where It is information available in period t.
It will later become convenient to use the shorthand versioﬁ of these given in
equations (12) and (13) of the text. | '

Since the contribution of the home country's demand for and supply of goods
and bonds is assumed to be insignificant vis-3-vis the foreign economy, Mg, Pz,
Y¥, and it are determined by equations (3), (4), (6), (10), and (11). Substituting
(3), (6), and (10) into (4) using (11), and defining 6 = TEB-gives

_ 9 9 ad,e(t-1) ad+bk )0~ e(t) ae ., _ 8
o = B - e - R0 L8B4 o epyi®) v ong - Fep - et ()

Updating (1A) by j periods and taking expectations conditioned on the information

available in period t gives

e(t) _ e(t) ad, e t) e(t)
P s 5M§+J Bk* - Ry YOy Y OPEL (2A)

e(t) e(t) e(t) _ - s .
since P¥+J R T€+j , and €€+J are all zero, j = 1,...,», Substituting this

relation into equation (1A) for j = 1, j = 2, and continuing in a recursive

fashion, gives
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L 38yue(t=1) 1§ J+lpe(t) _a T i+ly.e(t)
- *5 Jz]e M 5 z 6% Yip; " - K* + brx

- LEQEQEIQBE + ot} - %?e* ge (3A)

since J ¢J = b,
Jj=1
Now by definition Bt = Py - P’Ee(t']). Taking expectations of both sides

of equation (3A) conditioned on the information available in time period (t-1)

gives

e(t-1) _ Byse(t-1) _ ady,e(t-1) . 1 § g+l e(t-1) 2 e(t-1)
GRS SRR U~ B AT

- k* + br (4A)

since ﬁge(t‘]), T*z(t']), and eze(t-T) are all zero. Subtracting P{e(t']) as

given in (4A), from P¥ as given in (3A), and solving for 5; gives

[ ]
B + 0 j+1,D* J+,Y
Pre o e B Lo - TN g - anep - neg (5h)
D _  M* «€(t) _ yxe(t-1) = yxe(t) _ yee(t-1) . _ o
where vt+j t+J Mt+J Mt+J and vt+J Y¥+J Yt+J s J =100,

Hence v§+j constitutes a revision in the period t-1 forecast of a variable X,
made in period t. The expression for n is that given in the text and corresponds

to the coefficient Ty We have also made use of the unanticipated money definition,

e = g - wgelt1),
Substituting the expression for 3{ from (5A) into (3A) gives

»
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oee(t-1) L 1 T oitlye(t) _ a8y.e(t=1) _a 7§ oi+ly.e(t)
It tp L0 My Bt "5 L0 Vi
J=1 j=1
ad+bk Jj+ Y*
- k* + br¥ + i - == 7 6 [Vt+3 - avVyy4] (6A)

j=1

+ n[bT% - ae, - e%].

In the text we make use of the relation M; = m* + Dg. It also is convenient to

define X and X%.. as in equations (13) and (14). With this shorthand, (6A) may

t t+j
be rewritten as

- Ty Z gdyxe. 4 q D* *VE + e} (7R)

_ s
PE=mt+m E 6-D% te5-1 T Tl t

t+J -1

Ty == 1/(1+ad+b(k+1)),

* = a6+bK J+1
v f ] [vt+J t+J]’ and

e% = nEsz - aeg - e{].

This is the expression given in the text as equation (18).

We now turn to the results for the home country. These results will be
derived for the general case of the managed float; that is, a positive finite v.
The derivation of Pt’ Mt’ Et’ and Yt js a simultaneous equations exercise. We

begin by determining Et'
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Substituting into equation (2) from equation (1), (5), and (17), and using
(14) gives

Pt =)+ D:(t']) + 5t - VE, - k - aY:(t']) - ayﬁt - g, *+ b1‘t - €. (3A)

where A =m + B + on. Similarly substituting into (4) from (3), (6), and (15),

and using Dg = H; gives

P = mr+ D;e(t") + B -k - av;e(t“) - agPt - act + bif - er. (94)

Subtracting P¥ from P, and noting that ﬁt = Et + 5; by (7) and (14), gives

E(1#04) = (emekrkr) + DF(ET) - paelE-T) _gye(t-1) ayge(t-1)
(10A)

e + B - T L % e(t) _ _ - -
+ a(cS-y)P’t‘:’ + Dt D‘E oryEt + bEtH a(et e%) (et e’{).

e(t) . ce(t) e(t)
Here we have made use of equation (8) and the relation Pt+1 Et+l + P¥+] s

which together imply that it - 1% = Ei+] - Et'

- b . . . w
Define w = 775" multiply both sides of equation (10A) by 5 update Et by

J periods (j = 1,...,o), and take expectations of Et+j conditioned on the
information available in time period t. The recursive substitution of Et+j

into (10A) gives

®

] - -1
= (aemekeks)/ (1+v) + £o8(E1) _ upee(t-1) %“-’vi(t R %Yge(t )

7o Jtpe(t) _ 1T+l e(t) (11A)
Y w'D 5 D, ;



ﬂSe

e(t-1) e(t- 1)
t

Now, since by definition Et =E, ~E we must now determine E; Taking
expectations of both sides of equation (11A) conditioned on the information

available ét time period t-1 gives

Ei(t-]) = (A-mek+ke)(14v) + %Dte(t-l) . %D%e(t'I) _ %$¥:(t—1) + %?yze(t-1)

1 T g+l.e(t-1) _ S jH,e(t-1) _a t J*ly e(t-1)
+3£# Dtsj Zw Dy T b Zm Vi (12A)
a v+ e(t-1)

Subtracting Ei(t'1), as given in (12A), from Eys @S given in (11A), and defining
= 1/(1+ay+b+v) gives
¥ o ox o= Y R T N LA y*
E, = ob, - b} + ao(8-y)PY + a jZ1m Evt+j Verj = gy avt+j]
- aa(etdeg) - a(st i (13A)
where the v§+j's, once again, represent revisions in expectations of the respective
X's; X = D,D*,Y,Y*.
Substituting this expression into (11A) gives
e(t ]) _D*e(t‘1) awYE(t-l) awY*e(t’1)

E, = (A-nitkek*)/(1+v) + Dy bt "Bt "Bt

1§ i*lpelt) 7 Wit Tpse(t) 2 7 I*Tye(e) .2 7 Wit lyse(t)
b LY t+j E'.; w t+j L@ t+]j LW t+j
j=1 j=1 b 421 b 51 (14A)

B - Cwy v de D L0 LY y*
+ ao($ Y)P’{ + aDt aﬁ’{ + (a B)j;w Evt+j Vit Vi + avt+J]

- aa(e t-et) - a(e st)



-6-
Substituting into (14A) for P* from equation (19) then gives

R 2 y ]
= (A-ntk+k*)/(1+v) +'- 5 wJDt+j 176 z t+3 -17b Z t+J -1

j %€
Yt+J 1

Uﬂw
llMs

+ oD, - o1 + a(y-8)nD% + aa(s-y)vi
(15A)

]
W, N N Y _ - -
* (a - b)jzlm [vt+j R avt+j] + aa(s-v)e} - aa(ei-e¥)

- afey-et).

Here we have made use of the shorthand definitions of Xi(t']) and x:£§).

Substituting into (15A) for A =m + B + on and using the definition
X = X-X*; X = D,Y, gives

- T jse - T e -
¢ M7t “lajZ]“ Dt+j-1 = Mo j§1“ Veago1 * TagDy = moiBf + Vi 3t ey 3 (16A)

where my . = (m-m* - k+k* + B + VE_)/(1+v),
e = 1/b,
Mg = a/b,
Tog = 1/(1+ay+b+v),
Moy = L1 +an(y-6)1/(1 + ay + b +v),
Vi3 = a(8-v)Vi + (a- -0 E J[Vt+J - Vg:j - 3V1+j t+J]’ and

e 3 = aa(cs-y)et - aa(et-et) - a(et-eg)

This is the expression given in the text as equation (23).
The home price Tevel may then be determined by adding P¥ from equation (7A)

to Et from (16A). The result is

(.

[t}



Py FS

- T jne - S dye T (o3 Fynee
P, = Tg * Ty .2 w Dt+j-] g ‘E Y441 ¥ Mg .Z (6%-w )D¥+j-1
=1 . j=1 J=1
. (178)
_ j_ j e ~ ~
gl jZ](e SR ORI LI PE R R TR
where T, = br; + [mtum* - k - vk* + on + g1/ (1+v),
"= 1/b,
mg = a/b,
Ty = 1/b,
Mo °© a/b,
Ty S 1/(1+ay+b+v),
7""2 = n(v‘bk)/(1+aY+b+V):
Vt’1 = V% + Vt,3’ and
&1 = €f * e 3
This is the expression given in the text, equation (29).
Taking expectations of both sides of equation (17A) conditioned on the
information available in time period (t-1), and subtracting this result from
(17A) gives the expression for ﬁt' The result is
ﬁt = “11Dt + n120; + Vt,] + e 1 (18A)

This is equation (21) given in the text.
The reduced form expression (22) for Y, may be obtained by substituting

into equation (5) for ﬁt from (18A), This gives



(19A)

-
1]
-
1]
+

- < )
£ =Ygt Mgyt melt Ve T8t

where M5 = v/ (1+ay+b+v),
M6 W(V‘bk)/(]+aY+b+‘))l :
Vt,2 = th’], and

€2 = Y& 1 t €y

Finally, M, may be determined by substituting into equation (17) for Et from

equation (16A). This gives

e ~ \Y)
Mt =m+ B+ on + Dt + Dt - T;;Em-m* - k+k* + g + onj

v oy Jpe av 7 dqe —Y 5
b Pt L Vgt - TR
(1+an(y-6)) | (200)
v(1+an(y-6))x
Y ey 0t Wi,3 7 Ve,
which simplifies to
M, = Ty, + m,2D5 + 7, D + 1 Wb . - M © doe
t 7 T2 T Tal * T2t Tas L Pegr ~ Mg jz]w Terso1
(21A)

* gDy gDt Vi g ey

where Ty, = [um* + m + VE - vk* + vk + 81/ (1+v),
11'23 = ] - W/b,
Tog = vw/b,
a5 = V/b,

[}



Tog = av/b,

Mg = (1+ay+b)/(1+ay+b+v),
Tog = V(1+an(y-8))/(1+ay+b+v),
Vt,4 vvt’3, and

t,4 T V&¢,3°

The fixed exchange rate form of the Pt’ Et’ Yt’ and Mt equations may be
inferred by allowing v +~ ». Similarly for flexible exchange rates, set v = 0.
These coefficients are given in the text.

The revision terms Vt’5, vt,6’ and Vt,7’ and the random error terms €,5°
et,6’ and e 7 may be inferred by letting v + « in Vt,]’ Vt,2’ Vt,4’ et,], €¢,2°
and et’4, respectively. Likewise Vt,8’ Vt,9’ Vt,lO’ et,8’ et,9’ and €:.10 may be
inferred by setting v = 0 in Vt,]’ Vt,2’ Vt,4’ et’], et,2’ and et,4, respectively.
We leave this exercise to the reader.

Finally, for the case of devaluation, substitute into the home country money

demand equation (1) from equations (5), (7), and (9), and use (8). Substituting

the result into the home monetary equilibrium condition (2), gives

M =k +Pf- b(P*S

. e
i Pg) + Eo + b(E] - Eo) + aYt - br;

~ (22A)
+ (ay + bK)PE - bty + g, + gy,
Updating P* by one period, taking expectations of Pt+] conditioned on the information
available in time period t and subtracting P* from P& T gives

P, - Py = pse  Bpee —92— Z elpx8. . 88 Z]Y*e “VE = e (23A)

t+1 bt t+d " 32 14, Vi ~ nb}
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Substituting this expression, together with the expression for Pg and 3{

into (22A) and collecting terms gives \

=k 87q_ e_.vxe e . 7 :
Mt =k + Ey * m* + B(EO-E]) + B{l b)[D{ aY; ]+ aYt + D; + e 11 + Vt,]l (24A)

where vt,]] = V{/n, and

* -
et/n + ae th + €4

&, 11 t

This is the expression given in the text as equation (25).

1o
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