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I. Introduction

Under a regime of managed floating, one policy instrument available to
the authorities is exchange market intervention policy, purchases or sales
of assets denominated in foreign currency in exchange fbr assets denominated
in home currency. Since, in general, an economy does not reach its new
long=-run eduilibrium immediately following an exchange market intervention,
a complete analysis of the effects of this policy must include a description
of the path followed by the economy as it adjusts to its new long-run equili-
brium. This paper is a study of the dynamic effects of a particular type of
intervention policy, a purchase of foreign money with home money.l/

Recent studies of exchange rate dynamics contain two extreme views
about why an economy does not reach its new long-run equilibrium immediately
following a shock. One extreme view is based on the assumption that changes
in real wealth affect spending decisions and asset demands.g/ Under this
assumption the intervention policy considered here gives rise to an incentive
for residents of the home country to accumulate assets and for foreisners
to decumulate assets. This incentive leads to an asset transfer which occurs

slowly over time at a rate which is equal in magnitude to the home trade

* This is a revised version of a paper presented at the conference on "The
Economics of Flexible Exchange Rates'" at the Institute for Advanced Studies,
Vienna, Austria, March 29-31, 1978. It will appear in the proceedings of
the conference which will be published as a supplement to Kredit und Kapital
in the fall of 1979. Discussions with Ralph Bryant, Rudiger Dornbusch,
Lance Girton, Gene Grossman, and Bennett McCallum have resulted in improve-
ments in the paper. Betty Daniel, Barry Eichengreen, Pecier Isard, Richard Meese,
Walter Salant, Jilirgen Siebke, Carl Van Duyne, and Janet Yellen made helpful
comments on earlier drafts, No one but the author is vesponsible for the
remaining chortcomings of the paper. This paper represents the views of the
author and should not be interpreted as reflecting the views of the Federal
Reserve System or other members of its staff. '



account surplus. During the slow buildup of assets by home residents through
the trade account surplus, the short-run equilibrium position of the economy
continues to change because of wealth effects on spending decisions and asset
demands, The economy cannot come to rest at its new long-run equilibrium until
there is no longer an incentive for asset tranéfers to take place so that the
trade account is once again in balance.

The other extreme view is based on the assumption that prices adjust
slowly when there is an excess demand for goods.éj Under this assumption
the intervention policy considered here gives rise to an excess demand for
the hqme good over "normal" supply. This excess demand must ultimately
be removed by a rise in the price of the home good which occurs slowly over
time. While the price of the home good is rising, the short-run equilibrium
position of the economy continues to change since increases in the price of
the home good affect spending decisions and asset demands. The economy cannot
come to rest at its new long-run equilibrium until the adjustment of the price
of the home good is complete,

The effects of intervention policy are explored using three specialized
versions of the model of a single open economy which is now in general use.é/
Each of the first two versions embodies one of the extreme views about why
the economy adjusts slowly to its new long-run equilibrium. In the first
version, changes in wealth affect the spending decisions and asset demands
of home residents, but the home wage rate and the price of the home good
are perfectly flexible so that output is always at its full employment
level., 1In the second version, the wage rate and the price of the home good

adjust slowly when there is an excess demand for the home good, but there
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are no wealth effects. The third vefsi;n is a synthesis of the first two
which incorporates both wealth effects and slow wage and price adjﬁstment.

Since attention is to be focused on the adjustment path of the economy
after an exchange market intervention under alternative assumptions about
what Affects this path, the three versions of the model have been constructed
so that the long-fun effects of exchange market intervention are particularly
simplé. In the long run the exchange market intervention causes all nominal
variables to increase by the same proportion as the supply of home money
increases and leaves all real variables unchanged.

The effects of intervention policy are investigated under the assumption
that in forming their exchange rate expectations consumers have long-run

5/

perfect foresight. Under this regime the stationary equilibrium value of

the exchange rate is known to consumers, and they expect that the exchange

" rate will move from its current value toward that stationary equilibrium

rate. Expectations are correct in the long run, but they may be incorrect
while the system is adjusting toward its statiomary equilibrium,

The analysis begins with a description of the building blocks for the
three versions of the model in Section II. A consideration of the effects
of exchange market intervention when only asset transfers accomplished through
a trade surplus affect the adjustment path of the economy is contained in
Section III. Then, in Section IV, the case in which only slow adjustmeﬁt of
the price of the home good influences the path of ﬁhé economy is discussed,
Both‘the tradebsurplus and slow price adjustment affect the path of the economy
in the Qersion of the model explored iﬁ Section V. Section VI contains some

concluding remarks.



-4 -
I1I. The Building Blocks for the Three Versions of the Model

Home Consumers ‘ <
Consumers in the home economy makg four basic decisions: a saving

decision, an expenditure-allocation decisiom, a wealth-allocation decision,

and a labor market decision. In the description of how consumers make

these decisions it is assumed that all real variables are obtained by

deflating nominal variables by a price index (PI):

P = k,P+ k,E, k,, k, >0, k, +k, = 1, 1)

where P is the home currency price of the single home good, and E is the home
currency price of foreign currency. The foreign authorities keep the foreign
currency price of the single foreign good, which is different from the home

good, constant at one unit of foreign currency.§/

. S . . s . .
Consumers' real saving (;—) rises with increases in real income (%1) and

I 1
falls with increases in real wealth (ﬁL):
I
S ., B_, A ‘ '
B 1R T %2 2, " % 0 <8y <l sy 5 >0 @)

s

where S is nominal saving, y is output of the home good measured in physical

units, and A is nominal wealth.

Consumers allocate part of their real expenditure to the home good and

M
the rest to the foreign good. Real imports (irﬂ depend positively on real
. . I . -
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spending (%I -~§L), negatively on the ratio of the exchange rate to the price
1 I

index GfL), and positively on the ratio of the price of the home good to the

L P,.7/

price index (%=):~"

P

M_ By _S E 4 P

P_m( -2y -m, =+m =, O<m, <1l,m,m >0, 3)
PI PI 3 P1 4 PI 1 3’ 4

where M is nominal imports.

They allocate their real wealth between home money and foreign money.

d
Their demand for real holdings of home money (%—) depends positively on real

I
income and real wealth and negatively on the expected rate of depreciation
of the home currency (e):éj
o m,, A
= + — -
PI ql PI q2 PI q5e + q63 ql’ q2’ Clss q6 > 0’ (4)

where Qd is consumers' demand for nominal holdings of home money. It is
assumed that foreign consumers do not hold domestic money. Therefore,
home consumers' nominal wealth in terms of home currency is equal to the

total supply of domestic money (Q) plus the product of the exchange rate and

home consumers' holdings of foreign money measured in foreign currency (F):
A =Q+ EF. )

Consumers also make a labor market decision. Two alternative forms of

labor market behavior by consumers are considered. In the first version of
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the model explored below it is assumed that consumers supply a fixed amount
of labor services (ﬁ) no matter what the real wage.'g‘/ In this version the
nominal wage (W) is determined in a competitive labor market. Iﬁ the other
two versions explored below it is assumed that at a point in time consumers
supply whatever amount of labor firms want at the prevailing nominal wage.
In these versions consumers set the percentage rate of change of the nominal
wage. They attempt to raise (lower) the real wage by increasing (decreasing)

the nominal wage when labor demand (Nd) exceeds (falls short of) a fixed

"‘normal' supply (ﬁ):lg/

% = u(Nd - ﬁ), | u 0. (6)

Home Firms

Firms in the home economy produce output using only labor and a produc-
tion function with a fixed labor-output ratio (n). 1In the version in which

the supply of labor is inelastic, the supply of output is inelastic at the

full employment level:

-7 =15
y=y=,N )

Firms take the price of output as given and bid the nominal wage up or down

.o

to the point at which profits are zero:

w=Lp, - (8)
n



-7 -

In the versions in which labor is supplied perfectly elastically at a point

in time, firms produce enough output to satisfy aggregate demand, and labor

demand is given by
% = ny. (9)

Competition among firms assures that the price of the domestic good is set
so that it just covers costs at the prevailing nominal wage:

P = Wn, (10)

so the percentage rate of change in the price of the domestic good is equal
to the percentage rate of change in nominal wages:

(1D

e
|
=l .

Home Authorities
The home authorities determine the nominal supply of home money,

They undertake exchange market intervention by purchasing foreign money

from home residents with home money subject to

dQ + EdF = 0,

or in percentage terms
qQ + fF = 0, (13)

where a hat over a variable indicates a percentage change in the variable

and where q is the fraction of wealth held in domestic money and f is the

fraction of wealth held in foreign money.



Foreigners
Consumers in the foreign country have a real demand for the home good
(%L) which depends positively on the ratio of the exchange rate ta the
I
price index and negatively on the ratio of the price of the home good to
the price index:
X E P
P S X, 3. =X, p° X3» x4>0, (14)
1 4 %1 -
where X is foreign consumers' nominal demand for the home good measured in

home currency. As stated above, foreign consumers do not hold home money,

and the foreign authorities keep the foreign currency price of the foreign
good constant at one unit of foreign currency. It is important to observe
that the assumptions that foreign demand for the home good is independent
of foreign wealth and that foreigners do not hold home money insure that
transfers of wealth from foreigners to home residents lead to increases

in demand for home goods and home money.

Expectétions Formation

ﬁome consumers are assumed to possess long-run perfect foresight, Under
this assumption, consumers correctly calculate the stationary state value of
E, denoted by E, and expect that E will adjust toward this stationary state
value at a rate which is proportional to the ratio of the gap between its
stationary state value and its current value to its stationary state value:il/

e=c(l -5, ¢ > 0. (15)
E

In the limiting case in which ¢ = 0, consumers have static expectations,
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I11. The Effects of Intervention Policy When Only the Trade Surplus

Affects the Adjustment Path of the Economy.

The Conditions for Momentary Equilibrium

In order to focus attention on the effects of the trade surplus on the

path of the economy following exchange market intervention it is assumed

in the version of the model of this Section that prices and wages are perfectly

12/

flexible so that output is always at its full employment level (;). The

position of the economy at a point in time is referred to as momentary equili- .
brium,

In order to lay a foundation for the discussion of the conditions for

momentary equilibrium it is useful to derive an expression for the real

trade balance (é;ﬂ from equations (3) and (14):
I

T X M -t &-t A“‘t ._E.-t —P"‘i"t,
-_—— L S 16
A N N 1P, 2P 3P 4P 6 (16)

t, = ml(l - sl), t2 =ms,,

= m.s

t3 =%y +m,, t 1%6°

'x4+m,t

4 4> 76

where T is the nominal trade surplus measured in terms of home currency.

Three conditions determine the momentary equilibrium values of the
exchange rate, the price level, and the change in home consumers' holdings

of foreign money (F). The first condition is that the domestic goods market
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must clear. For the excess demand for domestic goods to equal zero, the

real trade surplus must equal real saving:

3§- -3 =o. ' ’ (17)
1 P1

When equations (2), (5), and (16) are substituted into equation (17) the

condition for goods market equilibrium becomes

—y B, , QFEF E __ P - (18a)
g g + g - g, —=g 0,
1ep, "2 P "3p 4P 6
= + - = -
g, = s tm@A 51)5 8y = 5,(1 - m)),

84 = X, + m3; g, = %, + m, 8 = a1 - m1)56.

A second condition for momentary equilibrium is that the excess demand
by consumers for home money must equal zero. When equations (5) and (15) are

substituted into equation (4), this condition can be written as

Py + E
q +q TEEE i ca-BH+q - =0, (18b)
1 PI 2 PI 5 7 6 PI

The third and final condition states that the change in real domestic
; E N - ]_‘.
holdings of foreign money (ET'F) must equal the trade surplus:

I

(18c)

9|
tr] o
[}
o
*

E P
- . = + -
P % 7. " %
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The .Stationary State Effects‘

Sincérknowledge of the stationary state effects of intervention policy
is necessary for determining the impacts effects and the paths of the varia-
bles under long run perfect foresight, it is useful to begin by describing
<§hese stationa;y state effects. 1ln a stationary state foreign money accumu-
lation by domestic residents is zero, and the exchange rate is expected to

remain unchanged:

é =e = 0. ‘ S : (19)

' Imposing these restrictions on the three equations (18) after eliminating

PI using equation (1) yields three gquations which are sufficient to determine
the stationary state values of the price level (f), the exchangé rate (E),

and home consumers' holdings of foreign money (F) given full empldyment output
(;) and the stationary state stock of dqmestic money (6). The stationary

state effects of a purchase of foreign money by the authorities on ;; E, and

F can be determined by inspection. The systém of equations obtained by
imposing the statiqnary state restrictions (19) on equations (18) is homogenous
of degree zero in the three nominal variables P, E, and 6, and a.is the only

. 13/ e =
exogenous nominal variable.™ So, if Q increases, P and E must increase by

the same proportion, and F must remain unchanged:

a a4
P=E=Q, : " (20a)

b
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The Impact Effects

The impact effects of a purchase of foreign money by the authorities
on the exchange rate and the price of the domestic good are shown in Figure 1
which is‘constructed usiﬁg equ;tions (18a) and (18b) with PI eliminated
through’equafion (1). The GOGO schedule shows the pairs of (the natural
logarithms of) E and P which are compatible.with equilibrium in the market
for the h@mé good.‘ fhe QOQ0 scﬁedule shows the pairs of E and P which are
compatible with equilibrium in the home money market.,

" The GG schedule has a slope which is greater than positive one as shown
in Figure 1 under plausible assumptions. First, consider the effects of an
increase in the price of the home good on excess demand for the home good. This
pricé increaée reduces the excess demand for the home good for three reasons:
(1) the price increase raises.realAincomé thereby reducing the trade surplus
and increasing saving; (2)'it lowers real wealth, and this decline in
reél wealth raises saving by more then it improves the trade account;
and (3) it 1oweré the ratio of the exchange rate to the price iﬁdex and
raises the ratio of the price of the home good to the price index, and both
of these éhanges cause home and foreign residents to shift spending from
the home godd.to the foreign good thereby redﬁcing the trade surplus.

Next,-consider the effects of a depréciation of the home currency (a
rise in E) on the excess demand for the home good. This depreciation'tends
to raise excess demand fof fﬁo reasdné: (i) it lowers real income, and (2)
it raises the ratio of the exchange rate to the price index and lowers the
;atio of the price of the home good to the price index. However, the depre=

ciation may raise or lower excess demand through its effects on real wealth,
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InPy=inP,

FIGURE 2

InP
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1t tends to raise real wealth because it raises the home currency value of
consumers' foreign money holdings, but it tends to lower real wealth because
it raises the price index. The net effect of the depre;iation on real wealth
is positive (megative) if the“fatio of foreign money holdings to total wealth
(f) exceeds (falls short of) the weight on the exchange rate in the price
index (kz). It is assumed in what follows that the overall effect of a
depreciation én the excess demand for goods is positive;‘that is, it is
assumed that the effects of the decrease in real income, the increase in

%i, and the decrease in %% outweigh the effect of the decrease in real wealth
if £ is less than kz.

The slope of the GG schedule must be positive givep the assumption that
a depreciation of the home currency raises the excess demand for goods. An
increase in P cfeates an excess supply of goods, so the domestic currency
must depreciate if the goods market is to remain in equilibrium. The slope
of the GG schedule must exceea positive one. Increases in P and E by the
same proportion leave real income, the ratio of the exchange rate to the price
index, and the ratio of the price of the home good to the price index unchanged
but reduce real wealth thereby giving rise to an éxcgss supply of the home
good. The increases in P and E raise the price index and therefore lower the
real value of both home and foreign money, but the increase in E raises only
the domestic currency value of consumers' foreign money holdings. Since equi-
proportionate increases in P and E give rise to an excess supply of the home

good, the proportionate increase in E must be greater than the proportionate

increase in P if the market for the home good is to remain in equilibrium.
Note that if g, were zero so that real wealth did not affect the condition

for goods market equilibrium, the GG schedule would have a slope of positive

one, The equation of the GG schedule is derived by differentiating equation
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(18a) in the neighborhood of stationary equilibrium to obtain
L=(8 + g Ak )P + [g + gA(f - k,)IE + g A q@ + g A £F = 0, (21)
g = gVk, + gk, + gk, >0,

where units are chosen such that P = E = 1 in stationary equilibrium,

The QQ‘schedule has a negative slope as shown in Figure 1 under plausible
assumptions., First, consider the effect of an increase in the price of the
home good on the excess demand for home money., This price increase raises
the excess demand for home money because it raises nominal income. However,

the increase in the price of the home good may raise or lower excess demand

because it raises the price index. The increase in the price index reduces
the supply of real balances; however, it also reduces the demand for real
balances because it reduces real income and real wealth. The net effect
of an increase in the price index is to raise the excess demand for home
money if the sum of the real income and real wealth elasticities of demand
for real balances is less than one (q1§;+ qZK < 6). It is assumed in
what follows that this condition is met so that an increase in the price
index raises the excess demand for money. Under this assumption the overall
effect of a increase in the price of the home good is definitelf to raise
the excess demand for money.

Next, consider the effect of a depreciation of the home currency on the

excess demand for home money. This depreciation raises the excess demand

for money for three reasons: (1) it increases nominal wealth; (2) it

increases the price index; and (3) it induces money holders to expect an

appreciation of the home currency.
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The slope of the QQ schedule must be negative given the assumption that
the sum of the real income and real wealth elasticities of demand for
real balances is less than one. An increase in P creates an excess demand
for money, so the domestic currency must appreéiate if the money market is
to remain in equilibrium. The equation of thc QQ schedule is derived by

differentiating (18b) in the neighborhood of stationary equilibrium and

A

recognizing the fact that E = Q to obtain
[@Q - q;5 - q,8)k; + qujP * 1@ = 9,5 = qy8)k, + q,A £+ qgelE

*+(3A q = Q - qe)Q + q,A TF = O, (22)

A purchase of foreign money by the home authorities (E.a + Eg = 0) shifts
the QQ schedule up to Q1Q1' The QQ schedule must shift farther than point a
along the dashed line which has a slope of positive one in Figure 1. Point a
is the point which corresponds to increases *n both E and P by the same pro-
portion as the increases in 6 (E = ; = 3). Equiproportionate increases in E,
P, and 6 leave real balances, real income, and the expected rate of deprecia-
tion unchanged but reduce real wealth thereby giving rise to an excess supply
of money. Thus, if equilibrium in the home money market were to be reestablished
with equal percentage changes in E and P following an exchange market interven-

tion which increases 6, the percentage changes in E and P would have to exceed

the percentage change in 6. Note that if q, were equal to zero so that real
wealth did not influence the demand for real balances, Q1Q1 would pass through
point a,

The impact effects of an exchange market intervention are shown by the
OGo' The home currency depreciates, and the price

of the home good rises. The exchange rate overshoots its stationary equili-

intersection of Q1Q1 and G

brium level; that is, E rises initially to a value that it higher thaa the one
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éssociated with the new stationary‘equilibrium, E;, where the subscript o
indicates the value of a variable in the new stationary equilibrium.l&/ This
result arises because changes in real wealth affect the markets for the home
good and home money. If changes in wealth affect either market (g2 or q, > 0),
the exchange rate overshoots.lé/ The price of the home good may overshoot
or undershoot its new statioﬁary equilibrium 1evel.l§/‘ A borderline case
in which the price of the home good rises only as much as is necessary to
reach its new stationary equilibrium level is shown in Figure 1., The pro-
portionate rise in E is greater than the proportionate rise in P, éo the
relative price of the foreign good ("the real exchange rate') definitely
rises. This result is quite important: a policy change which leaves the
real exchange rate unchangéd in the long run causes it to rise in the short
run even though wages and prices are completely flexible. It follows frow
the fact that changes in real wealth affect the market for the home good.
If there were no wealth effect in either market (g2 = q, = 0), both E. and
P would rise by the same proportion as 6 rises; the new momentary and
stationary state equilibria would be at point a.-

The Adjustment Process

In order_tq lay a foundation for the Giscussion of the adjustment process
it is useful to derive two additional relationships, ‘The changes in the
exchangg rate and the price of the home good which are required to clear the
markets for the home‘good and home money when home consumers' holdings of
foreign money increase are shown in Figure 2. An increase in F shifts the GG
schedule down to G1G1. A rise in F raises the demand for the home good, so for

a given value of P, E must fall if the market for the home good is to remain in
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equilibrium. An increase in F also shifts the QQ schedule down to QlQl' A rise
in F raises the demand for home money, so for a given value of P, E must fall if

the home money market is to remain in equilibrium. The new equilibrium values

of E and P are given by the intersection of Q1Q1 and GlGl’ The home currency

17/

definitely appreciates.=~~ The price of the home good may rise or fall; a

borderline case in which P remains unchanged is shown in Figure 2.l§/

The adjustment process for the system following the exchange market inter=-
venfion is shown in Figure 3. The downward-sloping GQOGQ0 schedulevshows the
pairs of the exchange rate and home consumers' holdings of foreign money which
are coﬁpatible with equilibrium in both the market for the home good and the

market for home money before the exchange market intervention. It has just

been established that increases in F cause E to fall,

o @
FoFo
holdingc of foreign money which are compatible both with equilibrium in the

The schedule shows the pairs of the exchange race and home consumers'

market for the home good and with zero foreign money accumulation before the
exchange market intervention. It can be shown that (1) the FF schedule is
upward-sloping, and (2) to the left of (the right of) the FF schedule, foreign

money accumlation is positive (negative).lg/

Just before the exchange market intervention the home economy is at

point b in Figure 3 with foreign money holdings of F0

rate of EO. The stationary equilibrium which the economy approaches following

and with an exchange

the exchange market intervention is at point c. It has been shown that an

.=
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exchange market intervention which increases 6 raises the stationary state

_EO

o

A A
=E = Q) and leaves consumers'

exchange rate by the same proportion =

Ey

stationary state foreign money holdings unchanged (f; = fb). Thus, the

exchange market intervention must cause the GQGQ and FF schedules to shift

upward to GQIGQ1 and FlFl'
The economy approaches the new stationary equilibrium over time. The. .

exchange market intervention initially reduces home residents' holdings of
foreign money from fb to FO. Given home residents' holdings of foreign money,
the exchange rate must be the one which is compatible with equilibrium in the

home goods and home money markets. Thus, at the moment of the exchange market

intervention, the exchange rate jumps up from Eb to Eo; the value of the exchange

rate on the GQlGQ1 schedule which corresponds to FO' Since the pair (EO’ FO)
e -

lies to the left of the FlFl schedule, the trade surplus is positive, and home
residents begin accumulating foreign money. The economy moves along GQIGQ1

until the new stationary equilibrium pair (E;, f;) is reached. After its

initial depreciation the home currency appreciates steadily from E0 to E .
. L

The time paths of E and F and two alternative time paths for P are shown
in Figure 4. The time paths of E and F have already been discussed, but the
two possible paths of P require a little further comment. It has been shown
that P may initially overshoot or undershoot its stationary equilibrium value.

1t can be shown that if P initially overshoots (undershoots), increases in F
cause decreases (increases) in P.Zg/ Since F is always rising while the economy

is adjusting, P steadily approaches its new stationary equilibrium value from

either above or below. o
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IV. The Effects of Intervention Policy When Only Slow Price Ad justment

Affects the Adjustment Path of the Economy

The Conditions for Momentary Equilibrium

In order to focus attention on the effects of slow price adjustment on
the‘path of the economy following exchange market intervention, it is
assumed that the price levei adjusts slowly and that output is variable.gl
It is also assumed that neither saving nor the demand for home money depend
on real wealth so that S, = q, = 0. This assumption implies that changes in
real wealth do not affect either the excess demand for goods (g2 = 0) or the
trade surplus (t2 = 0). For convenience the position of the econony at a
point in time is still referred to as momentary equilibrium even though the
labor market is not in full equilibrium,

Under the assumptions stated above four conditions determine the momen-

tary equilibrium values of the exchange rate, output, the rate of inflation,

and the change in home consumers' holdings of foreign money:

Py E_. X2 =0 23
-g +g g -8 s (23a)
"1 P 3P 4P 6
By E -2 . (23b)
q -qe(l-=)+q, - s
1 ?I 2 B 6 PI -
u(ny - ﬁ) - % =0, (23c¢)
By E 2 -E F=op (23d)
-t + t - t + t L
1 P 3 Py 4 Py 6 Pr
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Equation (23c) which determines the rate of inflation of the price of :the

home good is obtained by substituting equations (9) and (11) into equation (6).

The Stationary State Effects

As before it is useful to begin the analysis of the effects of inter-
vention policy by describing the stationary state effects. 1In a stationary
state the rate of inflation is zero, and the exchange rate is expected to

remain unchanged:
%=e=0. (24)

Imposing these restrictions on the four equations (23) after eliminating PI
using equation (1) yields four equations which are sufficient to determine

the stationary state equilibrium values ;, f, E, and % given 6. These four
equations actually describe a pseudo stationary state equilibrium since wealth
continues to change because % is not equal to zero, but in what follows the
equilibrium i referreé ito as a stationary state for convenience, The four
equations which describe stationary state equilibrium are nomogenous of degree

zero in the three nominal variables 5; E, and 6, and a'is the only exogenous

nominal variable. So, if 6 increases, P and E must increase by the same

proportion, and ; and F must remain unchanged:

P=

]
[
o

(25a)

< )
[]
i o)y
[}
e

(25b)
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The Impact Effects

The impact effects of a purchase of foreign money by the authorities on
the exchange rate and physical output are shown in Figure 5 which is con-
structed using equations (23a) and (23b) with PI eliminated through equation (1).
The GOGO schedule shows the pairs of the exchange rate and output which are
compatible with equilibrium in the market for the home good. The QOQO
schedule shows the pairs of the exchange rate and output which are compatible
with equilibrium in the home money market.

The GG schedule is upward-sloping. An increase in output creates an
excess supply of goods. This excess supply must be offset by a depreciation
of the home currency which raises demand if the market for the home good is
to remain in equilibrium. A depreciation raises demand for two reasons:

(1) it reduces real income; and (2) it raises the ratio of the exchange rate
to the price index and lowers the ratio of the price of the domestic good
to the price index. The equation of the GG schedule is obtained by differen-

tiating equation (23a) in the neighborhood of stationary equilibrium to obtain

- g;yy + gE - gP = 0. (26)

The slope of the GG schedule may be greater than or less than one. The special
case in which the slope of the GG schedule is exactly equal to one is shown in

Figure 5.
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The QQ schedule is downward-sloping. An increase in output creates an
excess demand for money. This excess demand must be offset by an appreciation
of the home currency if the market for home money .is to remain in equilibrium.
An appreciation reduces excess money demand for two reasons: (1) it lowers the
price index, and (2) it induces money holders to expect a depreciation of
the home currency. The equation of the QQ schedule is derived by differen-
tiating equation (24a) in the neighborhood of stationary equilibrium and

taking account of the fact that E-= 6 to obtain
9,59 + [@ - q;9)k, + qgelE - @ + q5e)Q + [(@ = q;3)k; + qy]P = 0. (27)

A purchase of foreign money by the home authorities shifts the QQ
schedule up to Q1Q1. The Q1Q1 schedule must intersect the dashed line which
has a slope of positive one in Figure 5 at or above point d. Point d
corresponds to proportionate increases in E and y equal to the proportionate
increase in 6 (ﬁ = ; = 3). Equiproportionate changes in E, y, and 6 leave
the expected rate of depreciation unchanged and raise real balances and real
income by the same percentage. If the real income elasticity of the demand
for money is less than one, equal percentage increases in real balances and
real income give rise to an excess supply of money. Thus, if equilibrium
were to be established with equal percentage increases in E and y following
an exchange market intervention which increases 6, the percentage changes in
E and y would have to exceed the percentage change in 6; The special case
in which the real income elasticity of demand for real balances is exactly
equal to one so that QlQl intersects the dashed line at point d is shown

in Figure 5,
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The impact effects on E and y are shown by the intersection of QlQ1 and GOGO'

The home currency depreciates, and the exchange rate may overshoot or undershoot

, . 22
its stationary equilibrium value-——/ Physical output rises, and the proportionate
increase in output may exceed or fall short of the proportionate increase

23/ ~ A

in the home money supply.=—= The special case in which E = E = 3 and ; = 8 is
shown in Figure 5. If the GG schedule were steeper (flatter) than one, the
exchange rate would overshoot (undershoot), and the proportionate increase
output would fall short of (exceed) the proportionate increase in the home
money supply. If the real income elasticity of the demand for real balances
were less than one, the exchange rate would overshoot ana ; would exceed 3.

In general, the steeper the GG schedule and the lower the real income elasti-
city of the demand for real balances, the more likely it is that the exchagge
rate will overshoot; the flatter the GG schedule and the lower the real income

elasticity of the demand for real balances, the more likely it is that y will

exceed Q,

The Adjustment Process
In order to lay a foundation for a discussion of the adjustment process
it is useful to derive two additional relationships. The changes in the
exchange rate and physical output which are required in order to clear the markets
for the home good and home money when the price of the home good changes are
shown in Figure 6. An increase in the price of the home good shifts the GG

schedule up to G1G1. A rise in P creates an excess supply of the home good
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for two reaéons: (1) it raises real incomeg and (2) it lowers the ratio of E
to PI and raises the ratio of P to PI. In order to offset this excess supply so
that the market for the home good remains in equilibrium, the home currency
must depreciate for a given value of output, G1G1 must intersect the

vertical dashed lined at point e which corresponds to a proportionate increase
in E equal to the proportionate increase in P since equiproportionate increases
in P and E with y held constant leave the goods market in equilibrium, A

rise in the price of the home good shifts the QQ schedule to the left to

Q1Q1' An increase in P creates an excess demand for real balances because

it lowers feal balances and raises real income. In order to offset this

excess demand for real balances so that the market for home money remains

in equilibrium, output must fall for a given value of the exchange rate,

Q1Q1 must intersect the horizontal dashed line at or to the left of point f
which corresponds to a proportionate decrease in Yy equal to the proportionate
increase in P, If y decreases by the same proportion as P increases, real
balances and real income fall by the same proportion. If the real income
elasticity of the demand for real balances is less than one,’equal percentage
decreases in real baiances and real income give rise to an excess demand for
money. Thus, when the real income elasticity of demand for real balances

is less than one, the percentage decrease in y must exceed the percentage
increase in P if the market for the home good is to remain in equilibrium;

that is, QIQI must cut the horizontal dashed line to the left of £f. The
special case in which the real income elasticity is equal to one so that T

QIQI passes through point f is shown in Figure 6,
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The new equilibrium values of E and y are given by the intersection of

24
The home currency may depreciate or appreciate:"/ Real output

G1G1 and Q1Q1'
must fall, and the absolute value of the proportionate decrease in y may
exceed or fall short of the proportionate increase in P.Zé/ In the special case

shown in Figure 6 the GG schedule has a slope of one and the real income
elasticity of the demand for real balances is equal to one. In this case
E = 0 and ; = - ;. 1f the GG schedule were steeper (flatter) than one, the
homé currency would appreciate (depreciate), and the absolute value of the
proportionate decrease in output would be less than (exceed) the proportionate
rise in the price of the home good. If the real income elasticity of the
demand for real balances were less than one, the exchange rate would appre-
ciaté and the absolute value of ; would exceed §. In general, the steeper
the GG schedule and the lower the real income elasticity of demand for real
balances, the more likely it is that E will be negative; the flatter the GG
schedule and the lower the real income elasticity of the demand for real
balances, the more likely it is that the absolute value of ; will exceed ;.
It is important to observe that the conditions under which an increase in
Q causes E to overshoot its stationary equilibrium value are exactly the
same as the conditions under which gn increase in P causes E to fall.gg!
The adjustment process for the system following the exchange market

intervention is shown in Figure 7. The downward-sloping GQOGQo schedule

shows the pairs of E and P which are compatible with equilibrium in both

the market for the home good and the market for home money before the exchange
market intervention. Although the GQGQ schedule has been drawn with a negative

slope in Figure 7, it follows from the analysisiabove that the slope of this
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schedule may be positive. . What happens when GQGQ has a positive slope is

discussed at the end of this section.

The ;i schedule shows the pairs of E and P which are compatible both
with equiiibrium in the market for the home good and with zero inflation.
It has a slope of positive one because equiproportionate changes in E and
P leave the market for the home good in equilibrium at an unchanged value
of physical output and, therefore, lead to no change in the rate of infla-
tion. To the left of (the right of) the é; schedule the rate of inflation
is positive (negative). For any given value of the exchange rate a fall
in the price of the home good raises the value of physical output which
clears the goods market. This increase in output raises the rate of infla-
tion because it increases the demand for labor.gZ/

Just before the exchange market intervention the economy is at point g'
in Figure 7 with a price level of 36 and with the exchange rate at Eb. The
exchange market intervention shifts the GQGQ schedule up to GQlGQI' It
has been established above that, given P, E must rise when 6 rises if both
the goods and money markets are to remain in equilibrium.

From the analysis of the stationary state effects of the intervention
policy, it follows that the exchange market intervention must shift the
GQGQ schedule in such a way that it interéects the éi schedule, which is
unaffected by the increase in 6, at point h, This point represents pro=-

portionate increases in P and E equal to the proportionate increase in

6. The new stationary values of P and E are represented by i; and E;.
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Given the price level, the exchange rate at any time must be that one which
is compatible with equilibrium in the markets for the home good and home money.
Thus at the moment of the exchange market intervention the exchange rate
jumps from Eb to EO’ the value of the exchange rate on the GQlGQ1 schedule
which corresponds to 36. As has been established above the exchange rate
overshoots its stationary equilibrium value when the GQGQ schedule is
downward sloping. Since the point corresponding to the pair (EO, 36) lies
to the left of ;é,_the inflation rate is positive. The economy moves
downward along GQIGQ1 until the new stationary equilibrium pair (Ew, fm)
is reached. After its initial jump up, the home currency appreciates

steadily from E0 to E;, and the price level rises steadily from.?o to PQ.
The time paths of the three endogenous variables are shown in Figure 8.
The time paths of E and P have already been discussed. It has been demon-
strated above that y increases jnitially. Since increases in P cause decreases
in y, physical output declines steadily back to its unchanged stationary value.

1f the GQGQ schedule has a positive slope as in Figure 9, the exchange

rate rises but undershoots its stationary equilibrium value as a result of an

exchange market intervention. Since the slope of the GQGQ schedule must be
less than one, the inflation rate becomes positive. The economy moves upward
along its mew GQGQ schedule until the new stationary equilibrium exchange
rate and price level are reached. After its initial jump up, the exchange
rate continues to rise, as the price level rises. Output rises initially

and then declines steadily back to its unchanged stationary value.
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v. The Effects of Intervention Policy When Both the Trade Surplus and

Slow Price Adjustment Affect the Adjustment Path of the Economy

The Conditions for Momentary Equilibrium
when both the trade surplus and slow price adjustment affect the path

of the economy, the conditions for momentary equilibrium are

By Q + EF E _ 2 = 28a
2 5 T8 3 T8 &P 8% (282)
I I I I
+ EF E -
T e el P CRE=JA P 70 (280)
I 1 E I
~ P_
u(ny - N) -5=0, (28¢c)

-t H‘-t uﬁ+t -I-g—-t —P-+t ..—E—F =0. (st)
1 PI 2 PI 3 PI 4 P1 6 PI

These conditions are identical to the conditions for momentary equilibrium
in the version of Section IV except that the excess demand for the home

good, the excess demand for home money, and the trade surplus all depend

on real wealth.

The Stationary State Effects
Once again it is useful to begin the analysis of the effects of inter-
vention policy by describing the stationary state effects. In a stationary

state no variable is changing and no variable is expected to change, so

F=2-c=0. (29)

Wiy e
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Imposing these restrictions on the four equations (28) after eliminating
PI using equation (1) yields four equations which are sufficient to determine
?, f, ;, and F given 6. The system of equations obtained by imposing the
stationary state restrictions (29) on equations (28) is homogenous of degree
zero in the three nominal variables P, E, and Q, and Q is the only exogenous
nominal variable. So, if 6 increases, P and E must increase by the same pro-

portion, and y and F must remain unchanged:

ol
-

A A
P=E= (30a)

y=TF-=0. (30b)

The Impact Effects
The impact effects of a purchase of foreign money by the authorities on
the exchange rate and output are shown in Figure 10 which is constructed using

equations (28a) and (28b) with PI eliminated through equation (1); The GOGO

|
schedule shows the pairs of the exchange rate and physical output which are com-

patible with equilibrium in the market for the home good. The QOQO schedule
shows the pairs of E and y which are compatible with equilibrium in the market

for home money.

The GG schedule is upward-sloping given the assumption of Section III
that a depreciation of the home currency raises demand for the home good.
An increase in output creates an excess supply of the home good, so the
home currency must depreciate in order to increase demand if the market

for the home good is to remain in equilibrium. The slope of the GG schedule
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FIGURE 10
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may be less than one as it is in Figure 10 or greater than one. An increase
In the effect of changes in real wealth on excess demand for the home

good (a rise in 32) may lower or raise the slope of the GG schedule; the

slope of the GG schedule is decreased (increased) when 32 rises if f is
greater than (less than) kz since a depreciation of the home currency raises
(lowers) real wealth, The equation of the GG schedule is derived by differen~
tiating equation (28a) in the neighborhood of stationary state equilibrium

to obtain

- - — ~ —— A - T ~
8)yy + (8 * 8A(f - k))IE+ g)A qQ+ g,A £F - (g + gAk )P = 0. (31)

The QQ schedule is downward-sloping given the assumption of Section III
that the sum of the real income and real wealth elasticities of the demand
for money is less than one (qi§'+ qZK < 6}. Under this assumption a depre-
ciation of the home currency raises the excess demand for home money. The
QQ schedule has a negative slope because an increase in real output céeates
excess demand for home money, so the home currency must appreciate im order
to reduce the demand for money if the market for home money is to remain in
equilibrium. An increase in the effect of changes in real wealth on the
excess demand for home money (a rise in qz) may cause the QQ schedule to
become flatter or steeper; the QQ schedule becomes flatter (steeper) when
f is greater than (less than) kz since a depreciation of the home currency

raises (lowers) real wealth, The equation of the QQ schedule is derived by
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differentiating (28b) in the neighborhood of stationary equilibrium and

recognizing that E= 6 to obtain
- J— - — - — -— — + »~
Q97 + [Q = ;¥ = qA)k, + @A £+ qgelE

+ (0,A 4 - Q - qe)Q + QAF + [(@ = ;¥ - q,B)k; + qy]P =0, (32)

A purchase of foreign money by the home authorities (E.ax+ ?% = 0) shifts
the QQ schedule up to Q1Q1. The QQ schedule must shift farther than point i
along the aashed line which has a slope of positive one in Figure 10. Point i
is the point which corresponds to increases in E and y by the same proportion
as the increase in 6 (é = ; = 6), Equiproportionate increases in E, y, and 6
raise real balances and real income by the same proportion. These ckunges
raise (lower) real wealth if f is greatér than (less than) k2. However, even
if these changes raise real wealth, they increase it by a smaller proportion
than real balances and real income are increased since only the foreign money
component of nominal wealth is increased by increases in E. Thus, equipro-
portionate changes in E, y, and a'give rise to a excess supply of real balances
since it has been assumed that the sum of the real income and real wealth
elasticities of demand for real balances is less than (or, in the extreme,
equal to) one. If equilibrium in the market for home money were to be
established with equal percentage changes in E and y following an exchange
market intervention which raises 6; the percentage increases in E and y

would have to exceed the percentage change in 6.
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The impact effects on E and y are shown by the intersection of Q1Q1 and

28/29/

Both E and y definitely increase. 'E may overshoot or undershoot

GOGO.
its stationary equilibrium level; a borderline case in which E rises only

as much as is necessary to reach its new stationary equilibrium level is
shown in Figure 10. Note that since QlQl must intersect the dashed line
with a slope of positive one to the right of point i, the exchange rate may
overshoot even if the slope of the GG schedule is less than one. The per-
centage increase in y may be greater than or less than the percentage change
in a. If E undershoots ; definitely exceedsla; if E overshoots ; may be
greater than or less than 6,

Since the only difference between this version of the model and the one
of Section IV is the presence of wealth effects in the market for the home
good and the market for home money, it is important to investigate how
changes in these wealth effects alter the impact effects of intervention
policy. An increase in g, causes the GG schedule to becoﬁe flatter (steeper)

if £ is greater than (less than) k, and therefore makes it more likely that

2
the exchange rate will undershoot (overshoot) and that ; will be greater than
(less than) 6. An increase in q, causes the_Q1Q1 schedule to rotate around
point j which corresponds to the old equilibrium exchange rate, Eb, since the
real income elasticity of the demand for real balances remains unchanged. An
increase in q, causes the QQ schedule to become flatter (steeper) if f is
greater than (less than) k2 and therefore makes it more likely that the

~

exchange rate will undershoot (overshoot) and that y will be less than

(greater than) 6’.@"/
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The Adjustment Process

In order to lay a foundation for a discussion of the adjustment process
it is useful to derive four additional relationships. The changes in the
exchange rate and real output which are required in order to clear the market
for the‘home good and home money when the price of the home good changes are
shown in Figure 1ll. An increase in P shifts the GG schedule to the left to
G1G1' A rise iﬁ P decreases excess demand for the home good, so, for a
given value of E, y must fall if the goods market is to remain in equilibrium.
A rise in P also shifts the QQ schedule to the left to Q1Q1. A rise in P
creates an excess demand for home money, so, for a given value of E, y must
fall if the money market is to remain in equilibrium. The new equilibrium
values of E and y are given by the intersection of G1G1 and qul.glj E may rise
or fall; the borderline case in which E remains unchanged is shown in Figure 11.
y definitely falls, The larger 8, the more GG shifts to the left; the
larger q2, the less QQ shifts to the left. Therefore, the larger gy and
99> the more likely it is that E will rise. E is more likely to rise when P
rises in the version of this Section than in that of Section IV in which
g =49, = 0.

The changes in the exchange rate and real output which are required to
clear the markets for the home good and home money when home residents'
holdings of foreign money change are shown in Figure 12, An increase in

F shifts the GG schedule down to G1G1. A rise in F raises the demand for
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the home good, so, for a given value of y, E must fall if the market for

the home good is to remain in equilibrium. An increase in F also shifts

the QQ schedule down to QlQl' A rise in F creates an excess demand for
home money, so, for a given value of y, E must fall if the market for home
money is to remain in equilibrium. The new equilibrium values of E and y

are given by the intersection of G1G1 and QlQl.ézj

E definitely falls. ¥y

may rise or fall; a borderline case in which y remains unchanged is shown

in Figure 12, The larger are gz'and 9,5 the larger the appreciation

in the home currency since both the GG and QQ schedules shift down farther.
-The adjustment process for the system following the exchange market

intervention is described by the two differential equations (28c) and (284)

which are reproduced here for convenience:

Eeu@y -, (28¢)
E__ . By _ . Q+tEF E_. E ' (28d)
PIF‘ Y P, ty P, tts P, 4 P, * g »

Linearizing these equations in the neighborhood of stétionary equilibrium

after eliminating PI through (1) yields:

~

unyy, (33a)

e
i |

_ -— + _ -—— - ~ - _ - ~ _ PR
t,yy [t - tA(f kz)]E [t tzAk1]P t,A fF. (33b)
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It has been shown above that E and y depend on P and F.-32/ Substituting for

» ~

E and y using these relationships transforms equations (33) into

.
> -
?

P = By, P+ B,F, (34a)
F = B, P+ B,,F, (34b)
1 - - _— - _—
= = - cC -

Biy ABuny[(glyk2 +¢C,)C, qA qt g,Ak,Cy = A q k2C4] <0,
B.. =L uny[-g,Cc + yk,C, + q,C,1A T 20

12 A, 2°5 274 T 2% ’
5. =L(s.cc. -AGqCC, -mskAC]ly 20

21 ALL2 1’6 - ™M%271773 »

By, = %3[(:106 + m152c51K fy <o,

Ay = -8,3Cs - A ¥(E - k,)C, - q,3C; <0,
C; = 85, *Bk, = ikt £k,

C, = Q+ dge>

Cy = QE+ a5€s

C, = 89, + 8,9

C = akz + qses

(]
]

6 - 5192 T 89
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The adjustment process is definitely stable since the trace of the matrix

g 34
of coefficients of the pair of differential equations (34) is negative,—
By ¥ By <05 (35)
' . . . .. 35/
and the determinant is positive,—
I Wl o SNE :
B 1Byp - By,B, = ASuny A f(sZC1 + mlszykz)(Q + qse) > 0. (36)

Given that two out of the four coefficients in the dynamic system have
ambigious signs, it is not surprising that it is not possible to make unambi-
guous statements about the path followed by the system to stationary equili-
brium. Thé ;djustment path may be non-cyclical or cyclical. Each of these
possibilities can be illustrated with a special case of system (34).

First, a case in which the adjustment path is non-cyclical is considered.
1f s, is large enough, 312 and B21 are both negative. Under this assumption
the adjustment paths for P and F can be analyzed using the phase.diagram
shown in Figure 13, The ié schedule shows the pairs of P and F which are

consistent with zero inflation. It must be downward sloping since B11 and

B12 are both negative:

- B
£..=.B—1-2-<o. 37)
F|PP 11

The FF schedule shows the pairs of P and F which are consistent with zero

foreign money accumulation, This schedule must also be downward sloping

since B21 and B22 are both negative:

FIFF By1



dinQ ¢

InF

In P

InE

In P

In Pq

InFo=InFe

In Fg

InEw
InEg

- 4l -

v

e

|
|
l( .
» P
I -7 J
T T m - Ik
' | )
A | F
| |
In Fo InFo=InFo InF
FIGURE 13
REGION | | REGION i
]
|
[
i time
/—-—+I—\__
_ ]
dlnQ |
}
| time
\ _
}dma
fime

\

\.—-—/"’
time
FIGURE 14



- 45 =

The PP schedule must be flatter than the FF schedule as shown in Figure 13

since BllB22 - 312B21 is positive:

P P 1

Alee = Rjee = (B B = B B ) > 0' (39)
~ ~ 12

Fler  FlFF BllBZI 11722 21

Just before the exchange market intérvention the economy is at point k.
From the analysis of the stationary equilibrium effects it follows that in
the new stationary state F is unchanged (Fo = f;), and P rises by the same
proportion as the increase in 6. Initially the exchange market intervention
moves the economy to point m; F is reduced from ;6 to Fo, and P remains
unchanged at ;6. Both P and F rise during the early phase of adjustment
while the economy is in Region I. Eventually the economy moves into either
Region II (solid path) or Region IV (dashed path) in which P and F move
in opposite directions and proceeds directly to the new stationary equili-

brium, The adjustment paths for P and F for the case in which the economy

moves into Region II are shown in Figure 14,

The adjustment paths for E and y must possess two properties in the case

in which 81 is large. First, since in this case increases in P and F reduce

It >

eI v & 0), both E and y

oM >
Lo RY I

both E and y during the adjustment process (= s
: P F

6
fall while the economy is in Region 1.2—/ Second, E and y continue to fall
for a time after the economy enters Region II or Region IV. These properties
are displayed by the adjustment paths for E and y shown in Figure 14 which is

constructed on the assumption that the economy moves into Region 1I.
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Some of the other properties of the paths for E and y in Figure 14 are
possible but not necessary consequences of the assumption that the economy
moves into Region II. In Figure 14 E overshoots, and both E and y first
fall below their new stationary equilibrium values and then rise back up to
these values. It is also possible when E overshoots that the adjustment of
both E and y to their stationary equilibrium values is monotonic. Another
possibility is that E may undershoot in which case the paths for E and y
have the same general shapes as the paths in Figure 14, It is a necessary
consequence of the assumption that the economy moves into Region II that if
both E and y increase for a time at the end of the adjustment process, y
must begin to increase before E begins to increase.gzj

Now a case in which the adjustment process is cyclical is considered.
1f 9, is large enough, B12 is negative, and 321 is positive. Under this
assumption the adjustment paths for P and F can be analyzed using the phase
diagram shown in Figure 15, The %i schedule is downward-sloping, but the
éi schedule is upward-sloping in this case., When the two schedules have
slopes of the opposite sign, the approaches of P and F to stationary equili-
brium may be cyclical as in Figure 15, If the paths of P and F are cyclical,

there must be cycles in the adjustment paths of both the exchange rate and

output,

"
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VI. Concluding Remarks

The analysis of the dynamic behaviér of open economies under managed
floating exchange rates is still in its early stages. This paper is an
attempt to consolidate some of the gains that haQe been made and to build
upon them by considering the dynamic effects of one type of intervention
policy in three versioms of é single model. The three versions of the model
are designed to highlight two reasons why the exchange rate may not attain
its new long-run equilibrium value immediately after a shock to the economy:
weélth effects and slow price adjustment.

Tt has been shown that robust conclusions cén be drawn regarding the
impact effects of a purchase of foreign money with home money by the authori-
ties. The home currency depreciates and home nominal income rises. The price
of the home good rises if it is flexible and output is always at its full
employment level; home output rises if the price of the home good adjusts
slowly when the demand for the home good exceeds normal supply.

The exchange rate definitely overshoots its new long-run value in the
first version of fhe model; it may overshoot or undershoot in the second and
third versions. What is remarkable is not the ambiguity in the second and
third versions but the result that the exchange rate must overshoot in the
first version. In early studies of exchange rate dynamics in which over-
shooting is a necessary result, the exchange rate is the only variable which
can move in the short run to remove excess supply in the home money market.ég/
During the adjustment to long-run equilibrium other variables, such as home

holdings of foreign money or the home price level, change in a way that raises
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demand for home money, so the home currency must appreciate as the econnomy
adjusts. Here, either the price of the home good or home output is free to
increase in the short run. Increases in these variables raise the demand for
home money, so the home currency need not depreciate as much as would be
necessary if both of these variables were fixed. It remains to be determined
whether or not exchange rate overshooting in the very short run in which both
prices and output are fixed is a general result which emerges in models which
allow for a wider range of financial assets than those of this and earlier
studies.

The adjustment process following an exchange market intervention is

39/

stable in all three versions of the model.= In the first two versions all
of the variables which are free to move in the short run jump initially and
then adjust monotonically to their long-run equilibrium values. That the
adjustment paths have this simple form is a direct consequence of stability
and the facq that there is only one variable which must adjust slowly, home
holdings of foreign money or the price of the home good, in each of the first
two versions. It is somewhat disappointing, if not too surprising, that it
is not possible to reach definite conclusions regarding the adjustment paths
of the variables in version three, in which there are two variables which
must adjust slowly, without making additional assumptions about the relative
sizes of the parameters of the model.

It would be relatively easy to extend the model to allow for interest

bearing assets so that the effects of exchange market intervention on the

service account could be considered. To begin with it could be assumed
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that the authorities at home and abroad peg nominal interest rates; then
this assumption could be relaxed., As it stands the model could be used
to analyze the dynamic effects of other shocks to the economy such as shifts
in preferences for home and foreign goods or for home and foreign money,

policy actions aimed at the trade account, and conventional fiscal measures.



Footnotes

1/ Girton and Henderson (1977) offer some alternative specifications of

intervention policy and analyze the short=-run effects of these alternative
specifications, Kouri (1976) studies the short-run, medium-run, and long-
run effects of the type of intervention policy investigated in this paper,

Most of the analysis of this paper would also apply to the case in which
the exchange market intervention consists of a sale of home securities and
a purchase of foreign securities by the home authorities so long as it is
assumed that the authorities in both countries are pegging nominal interest
rates, However, when securities are included in the model, exchange market
intervention has service account effects, which, while they may be important,
complicate the analysis and obscure other, more important effects.

2/ Kouri's (1976) fundamental contribution to the analysis of exchange rate
dynamics puts forward this view. Branson (1976) has also participated in
the development of this view.

3/ Dornbusch's (1976a) path-breaking work on exchange rate dynamics is the
source of this view,

4/ A description of a general version of this model, a discussion of some of
its properties, and references to other applications of the model are provided
in Henderson (1977).
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5/ Dornbusch (1976b) uses this assumption about expectations formation. He
(1976a) also shows that assuming long-run perfect foresight is equivalent

to assuming complete perfect foresight under some conditions. Under complete
perfect foresight the stationary equilibrium value of the exchange rate is
known to consumers and their expectations are correct both in stationary
equilibrium and while the system is adjusting to the stationary equilibrium,
Kouri (1976) considers three possible assumptions about how exchange rate
expectations are formed: static expectations, adaptive expectations, and
complete perfect foresight,

6/ The foreign authorities could use balanced budget variations in government
spending to accomplish this objective.

7/ By implication consumers' demand for the home good is given by

J _. B S . E P ' .
> -1 ( - )+J -] ’ 0<j, <1, j,, j, >0,
P, LR T P 3P 4R 1 3’ 4

where J is nominal spending on the home good, and

o, + jl =1, m, - j3 =0, m, - j4 = 0,

8/ By implication consumers' demand for foreign money is given by

d
(ERD __¢ & A -
2 £ 5, + £, . + fge - £, £, £, £, £, >0,

and
q1 - f1 =0, q2 + f2 =1, q5 - f5 =0, q6 - f6 = 0,

9/ Alternatively it could be assumed that labor supply depends positively
on the real wage defined as the ratio of the nominal wage to the price

index (%L). Salop (1974) analyzes the momentary equilibrium effects of a

I
devaluation under this assumption.



- F3 -

10/ Alternatively it could be assumed that '"normal" labor supply depends

on the real wage (%L) and that consumers attempt to raise the anticipated
¥ 1

real wage (% - klp - k2e) by raising the nominal wage when labor demand

exceeds '"mormal" supply:

Yoo - N1 +kp + K
W P 1

I
where p is the anticipated rate of change in the price of the home good.
This wage adjustment equation is one type of expectations augmented Phillips
curve., Daniel (1977) analyzes the relationship between inflation and unemploy-

ment in a small open economy using a similar expectations augmented Phillips
curve,

€,

2

11/ The technique employed by Dornbusch (1976a) can be used to show that in
the first two versions of the model assuming that expectations are formed
according to (15) is equivalent to assuming that consumers have complete
perfect foresight when & is chosen properly

1f expectations regarding the rate of change of the price of the home
good were assumed to affect the rate of change of wages in the manner
suggested in footnote 10, it would be natural to gssgqg_thgt consumers
correctly calculate the stationary value of P, denoted by P, and expect
that P will adjust toward this stationary state value at a rate which is
proportional to the ratio of the gap between its stationary state value
and its current value to its stationary state value:

P .
p=ﬂ(1-:,)’ ﬂ>0c
PV .

12/ The version of the model diccussed in Section III is similar to the
model of Kouri (1976) who analyzes the effects of the type of intervention
policy investigated in this paper. The only important difference is that
the version of Section III allows for changes in the terms of trade which
are ruled out in Kouri's model by his assumption that the home good is a
perfect substitute for the foreign good. Flood (1978) analyzes the effects
of an increase in the rate of expansion of the home money supply under the
assumption that the home good and the foreign good are perfect substitutes.
The version of Section III is also similar to the model of Calvo and Rodriguez.
(1977). Both models allow for changes in a relative price. 1In this model
the variable relative price is the price of the foreign good in terms of

the home good; in the Calvo and Rodriguez model the variable relative price
is the price of a traded good in terms of a non-traded good. Calvo and
Rodriguez analyze the effects of an increase in the rate of expansion of
home money rather than those of a one time increase in the home money supply
through a purchase of foreign money by the home authorities.
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13/ That is, the model exhibits neutrality with respect to a change in the
home money supply., An economic model may be said to exhibit neutrality

with respect to changes in a particular nominal variable if (1) the model

is homogenous of degree zero in all nominal variables and (2) the nominal
variable being changed is the only exogenous nominal variable. This way

of describing sufficient conditions for neutrality is due to Don Roper (1975).

—A

14/ Solving equations (21) and (22) for E subject to q Q+ fF = 0 yields

E=- ilt@ + q.) (8 + 8Ak)1Q > 0,
FS 1 —-— -— - e 2 &
E=[1-%(gd,+q,k,8,)A qlQ>E =Q,

Ay = =(8 + 8,Ak ) [(Q - q;y = qy8)k) + A £+ qgel
- (g8 + gA(f - k)@ = 447 = qA)k; + q;7] < O.
A, is negative because it has been assumed that the sum of the real income
aiid real wealth elasticities of the demand for real balances is less than

one (q1§'+ q2K'< 6) and that a depreciation of the home currency raises

excess demand for the home good [g + gzx(f - kz) > 0].

15/ That is, if q, = 0 and g, is positive or if g, = 0 and q, is positive,
E overshoots. A general ana%ysis of the effects Of increaseS in 8y and q,
on the changes in E and P resulting from a given percentage change“in Q
is somewhat more complicated. It can be shown that raisingzg2 makes the

GG schedule steeper thereby raising E and reducing P, Raising q, reduces
the responsiveness of the excess demand for money to changes in %he price
of the home good, so the QQ schedule shifts out farther for a given value
of E. Raising 1, raises (lowers) the responsiveness of the excess demand

for money to changes in the exchange rate 1f f - k2 is greater than (less
than) zero, Thus, if f - k2 is positive so that the QQ schedule shiftf

up lfss far for a given value of P, an increase in 9, raises (lowers) E

and P for slopes of the GG schedule less than (greater than) a critical

2° If f - kz is negative so that
the QQ schgdule Ehifts up farther for a given value of P, an increase in

value which is smaller the larger is -k

q, raises E and P for all possible slopes of the GG schedule.



- F5 -

>

16/ Solving equations (21) and (22) for P subject to q Q + £F = 0 yields

- -kl{ﬁ + qge)lg + g A - k)10 > 0,

>

g ?

1 - iy IS
= {1 - Zl{ng - 8,[(Q - q;¥)k, + qseHAgQ ZQ.

~ a.
17/ Solving equations (21) and (22) for E subject to Q = 0 yields

~ _ -]-_. - — _A
E = Allng + gz(le + qukz)]A fF < 0.

~ LS
18/ Solving equations (21) and (22) for P subject to Q = 0 yields

P = .l'. - - -l >
P Al{ng g,[(Q = q;y)k, + qzel}A £F Z 0,

19/ Linearizing equation (18c) in the neighborhood of stationary equilibrium
yields

- Al 5 - /_- A—
-(t tzAkl)P+[t tzA\f k2)]E t

2A fF - tzA qQ,

ct
|

ykZ + tk, + ¢t k2 > 0.

=Yy 2 T

~

Solving for P using equation (21), the total differential of the equilibrium
condition for the market for the home good, and substituting the resulting

expression into the equation for F yields the eauation of the FF schedule:
hd —_— —_— - ) —r
F = {[(tg, + gt,)Al/(g + g,Ak )} (E - fF - qQ).

Strictly, the two propositions in the text are true if and only if it is
assumed, as it has been implicitly throughout this Section, that home

consumers' initial holdings of foreign money are positive (Ebfb > 0).

20/ A comparison of the expressions in footnotes 16 and 18 reveals that

if P initially overshoots (undershoots ), increases in r cause decreases
(increases) in P,

El/ The version of the model discussed in Section IV is similar to the
model presented in the Appendix to Dornmbusch (1976a), There are three main
differences between the assumptions made here and those made by Dormbusch:
(1) here home wealth is allocated between home and foreign money, but in
Dornbusch's model home wealth is allocated between home money and holdings
of a single world security; (2) here there is no rate of return effect in
the market for the home good, but in Dornbusch's model increases in the
nominal rate of interest reduce demand for the home good; and (3) here a
price index is used to deflate nominal income and the money supply, but in
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Footnote (continued)

Dornbusch's model the price of the home good is used to deflate these nominal
magnitudes. One by-product of the first difference is that the method of
increasing the home money supply is different in the two models., Here the
home authorities purchase foreign money, but in Dormbusch's model they
purchase the single world security. When the policy considered is an increase
in the home money supply, the differences in assumptions lead to no important
differences in results., For a demonstration that there is only a minor change
in the condition for overshooting see footnote 22.

22/ Solving equations (26) and (27) for E subject to q Q+ fF = 0 yields

-1
B

={1 -

[,yQ + q50)1Q > 0,
1

B

8= ’31;[ Q - ql;)k2 + qgel - 89,y < 0.

E

= >
|

A2 is negative because it has been assumed that the real income elasticity
of demand for real balances is less than one (q1§'< Q.

The condition under which the exchange rate overshoots in this version
of the model is quite similar to the condition under which the exchange
rate overshoots in the model presented in the Appendix to Dornbusch (1976a).
Here the exchange rate overshoots if .

q,5(g,y - &) + g,y[Q - 4,k 1 >0,

or equivalently if

o
Ol In-

1 2" T=—=8>0.

q
k, + =k - =
q g,

If kl = 1 (and kz = 0) this condition is identical to Dornbusch's since
1. . o
——1is his y, == is his @, and g is his §. The condition here is more
8.y Q o
1

stringent because when a price index is employed a depreciation of the
home currency has a larger positive effect on the excess demand for money,
so the home currency need not depreciate as much to offset a given increase
in the home money supply.
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23/ solving equations (26) and (27) for y subject to ;'6'+'f = 0 yields

y=- %2[(5 + qse)g]'a > 0,
r-N

y={1+ AQ[(glyk D@ - 4,7 + (87 - Bzl R 2.

~

~ £
gg/ Solving equations (26) and (27) for E subject to Q = 0 yields

A

E = iz[qﬁ(gﬁ - &) + 8@ - a,PK1P 20

25/ Solving equations (26) and (27) for y subject to 6 = 0 yields

% (s@+ gg01R < 0.

7T,

26/ A comparison of the expressions in footnotes 22 and 24 reveals

That if E initially overshoots (undershoots), increases in P cause
decreases (increases) in E.

27/ Linearizing equation (23c) in the neighborhood of stationary equilibrium
yields
P= un§y.

Solving for y using equation (26), the total differential of the equilibrium
condition for the market for the home good, and substituting the resulting

expression into the equation for P yields the equation of the PP schedule:

P = [ung/e,](E - P).

~ —L _A
28/ Solving equations (31) and (32) for E subject to g Q%+ fF =0 yields

1 Py &~ 0
E= - '&3[81Y(Q + qu)]Q > U,

E {_ --{qu[sly-g-sz A(E - k)]
A3 A

+ gly[(Q - ¥k, - qZA(f - k)1 QZE=Q,

By = -gIY[(Q - q1Y - qA)k, + 9 A £+ qgel - q,7(g + 8,A A(E - k)1 <0,
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A3 is negative because it has been assumed that the sum of the real income
and real wealth elasticities of demand for real balances is less than one
(q1§'+ qZK'< 6} and that a depreciation of the home currency‘raises excess

demand for the home good [g + géZ(E -,kz) > 0].

~
— —"

29/ Solving equations (31) and (32) for y subject to E Q + fF = 0 yields

~

y= - is{[g + g, A(F - k1@ + 4,010 > 0,

>

<
]

1, = - -
{1 - Z3{ Q - 95 *+ qge)lg + gA(f - k)]
-8,7[@Q - q;¥ - q,A)k, + q A £ + qsg]}},a 20.

30/ Note that increases in q2 can never cause the QIQI schedule to cut the

-dashed line with a slope of positive one to the left of point i under the
assumption that the sum of the real income and real wealth elasticities

of the demand for real balances is less than (or, in the extreme, equal
to) one.

~

31/ Solving equations (31) and (32) for E and y subject to 6 = F = 0 yields

E = Aa{gly[(Q - LAk + q.¥] - q (s + 8A 1)}P
~ 1 — — _' - ——
= Zs{ (g + ngkl)[(Q =Y - 9k, + g A £+ qgel

+ [(Q - qu)k + qu][g + ng(f - kz)]}P < 0.

32/ Solving equations (31) and (32) for E and y subject to Q = P = Q yields

=1 T Tr
E A3(glq2 + q;8,)A £ yF <0,

~

y = 33{~82A £1@ - )Y - 9,R)k, + 4,8 T + q¢l

+ qZZ"f‘[g + ng‘G - k)IIF 20
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33/ These relationships are contained in footnotes 31 and 32,
34/ It is not apparent from the expression for B11 that it must be negative.

However, B11 = ud; ;; and, as can be verified by referring to footnote 31,
- P

Y is negative under the assumptions of this paper that ql;'+ qu <Q

P — —

and that g + ng(f - kz) > 0.

35/ The derivation of (36), which is very tedious, is available from the
author on request, It is interesting to note the similarity between (36)

and the coefficient of F in the F equation in the model of Section III which
is contained in footnote 19. This similarity becomes more obvious when

it is recognized that squ + mlsz;kz = tg2 + tzg.

37/ The adqutment process is also non-cyclical if Sy is large enough. 1In this

~

. P
i 1, i =lee
case B12 and 321 are both positive. With 312 and 321 Loth positive A‘ and

~ -~

—
~

«. are both upward-sloping. It follows from the argument in the text that 3

F |FF N F
is flatter than ; ee o Given this relationship between the two schedules the
F IFF

economy must eventually enter a phase in which both P and F rise directly
toward the new stationary equilibrium, A description of the adjustment paths

for E and y for the case of large 52 is not attempted here. In this case £

-

and ¥ are negative, as they are in all cases, but g'and ; are positive.
P P F

38/ The exchange rate must overshoot in the model of Kouri (1976) and the
model in the text of Dornbusch (1976a).

" 39/ If the expectations augmented Phillips curve of footnote 10 rather than
equation (6) described wage adjustment in versions two and three of the model
additional assumptions would be required in order to guarantee stability.

PP
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