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1. INTRODUCTION

With the general increase in exchange rate flexibility, the
analysis of the determination of exchange rates has be;ome a major area
of research., An important aspect of the modelling of this process is
the degree of capital mobility, with the polar assumption of perfect
mobility being most widely adopted. This a;sumption, whicﬂ is justified
in terms of the observed mobility among the méjor currencies of the world,
is usually specified in terms of uncovered interest parity, meaning thét
speculation brings the forward exchange rate in line with expectations of
the future spot rate; see e.g. Argy and Porter (1972), Bilson (1978).
furthermore, the recent literature on rational expectations and exchange rate
dynamics, in particulai, has been built.on this assumption; seé e.g.
Dornbusch (1976), Gray and Turnovsky (1979), Wilson (1979), Turnovsky and

Kingston (1977), Flood (1979).

However, as several authors have shown, even if domestic and foreign
bonds are perfect substitutes on a covered basis, the assumption of uncovered
1ﬁterest parity follows only if one adds the strong assumption that investors
are risk neutrél. If, more reasonablf, investor§ are taken to be risk averse,
the forward rate is nét in general an unbiased predictor of the spot rate
expected to prevail when the forward contract matures. The bias depends
upon, among other things, asset supplies, the variability of exchénge rates,
~and the degree of risk aversion; see e.g, Splnik (1973), Graver, Litzenberger,
and Stehle (1976), Kouri (1976), Adler and Dumas (1977), Roll and Solnik
(1975), Eaton (1978), Frankel (1979), Fama and Farber (1979), Stein (1980).
Furthermore, the theoretical existence of this bias is generally supported .

by aiai}ablé empirical evidence; see Levich (1978, 1979), Hansen and

Hodrick (1980). v |

The relationship between the forwafd and expected future spot rates
is crucial in determining the domestic ingerest rate, and hence in determining’
the current spot rate, the domegtic price level, and domestic income; It

is thercfore important to analyze the determination of the exchange rate under
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the more general assumption of risk averse speculative behavior.!

The present paper therefore has two objectives. The first is to
deveiop a stochastic model of exchange rate determination which allows
for risk averse speculative behavior. Secondly, we shall analyze the
effects of a variety of distﬁrbances consisting of: (i) changes in the
supplies of money and bonds, (ii) fbrward.market intervention, (iii) certain
relevant foreign variables. In particular, we shall contrast the effects
of transitory and permanent changes in these variables on the domestic economy
and show how an increase in the elasticity of speculation with respect to the
forward premium (reflecting a reduction in the degree of risk aversion) may
influence the effects of the two types of disturbances in opposite ways.

For example, we shall show that an increase in the degree of speculation is
likely to reduce the expansionary effects of a transitory monetary disturbance,
on the one hand, but to increase the expansionary effects of a permament .
monetary disturbance, on the other. This result can also be looked at another
way. It means that if in fact investors are risk avé;se, then the prevalent
procedure of equating the forward rate to the expected future spot rate (and
hence assuﬁing risk neutrality) may wnderstate the effects on income and the
-spot rate of temporary changes in the money supply and necessarily overstates
the corresponding effects of permament changes.

We shall also show that less risk-averse speculation increases the
sensitivity of income to announcements of future changes in money supply. As
speculators become less risk averse, forward intervention policy and changes
in the domestic supply of bonds have less effect on income and exchange
rates Tregardless of whether these policies are temporary or permanent. Domestic
income becomes more sensitive to changes in foreign variables, however, as
speculation becers more risk neutral. _

The remainder of the paper proceeds as follows. Section 2 outlinesvthe
model underlying our analysis, with the solution being provided in Section 3.
Sections 4 through 6 discuss the effects of changes in the money supply,

bond supply and forward market intervention, and foreign variables,respectively




Je
Some concluding remarks are provided in Section 7.

2. THE FORWARD EXCHANGE MARKET IN A SIMPLE MACRO MODEL
The model we shall consider is kept as simple as possible to enable
us to focus on the main issues without undue complication. Specifically,
we shall assume that there is a single traded commodity, whose price in terms
of foreign currency is given. Also, we shall assume that the domestic bond
is a'perfect substitute for a traded world bond when fully covered against ¢xchange
risk. Thus purchasing power parity (PPP) and covered interest parity (CIP)

are assumed to hold:

. S * : .
pt = e +pf _ Q)
1, =ir+ ef - ¢S @
D t t t
where Py = domestic price of the traded good at time t, expressed in
logarithms, : -
p; = foreign price of the traded good at time t, expressed in
logarithms,
ei = current spot exchange rate (measured 'in units of domestic

currency per unit of foreign currency), expressed in logarithms,
ef = forward exchange rate at time t for delivery at time t+1 (measured
in terms of units of domestic currencf per unit of foreign
Acurrency), expressed in logarithms,
i, = domestic nominal interest rate at time t,

t
i; = foreign nominal interest rate at time t,

" The domestié economy is assgmed to be small so that p;, i; are exogenous;
fbreign‘bonds and goods are supplied perfectly elastically at the world

interest rate it
Domestic money market equilibrium is described by the relationship

and foreign price level p{, respectively.

e - Pp T Y < %l ) (3)

where m, = domestic nominal money supply, expressed in logarithms,

Ye = domestic real output at time t, expressed in logarithms.
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This specifiéation is of the usual form. In particular, we make the
conventional assumption that 511 domestic money is held by domestic residents,
who in turn hold no foreign money. '

The specification of the forward market requires-somewhat more
discussion. Private participation in the forward market may take place for

two reasons, speculation or arbitrage.2

The net supply of foreign exchange
forward for arbitrage purposes in real terms equals the net real holdings of

foreign bonds by the domestic, private sector. Forward market
equilibrium requires that this quantity equal the net speculative demand
for foreign exchange forward plus net government purchases of foreign exchange
forward both in real terms, The condition for forward market equilibrium at
time t is therefore
F
EtDt @
Here Et’ Pt and P; denote the exchangé fate, the domestic price level
.and the foreign price level, all measured in mnatural units. Df is the nominal
stock of foreign bonds (denominated in foreign currency) held by domestic
residents; St i; the real speculative demand for foreign exchange forwafd
and Gt is nét nominal holdings by the government of foreign exchange forward.
(The first part of (4) follows from the puréhasing power parity condition
Pt = EtP{).
Following the theoretical literature, we assume that the real supply
of foreign exchange fér speculation is a function of the expected rate of

return on the forward purchése of foreign currency. We approximate this

relationship by the expression3

s f e
S¢ = v(eti1,e - et) )

.
where €t+1,t Jenotesthe expectation of the spot for time t+1, as of time
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t. The parameter y is a decreasing function of the degree of relative
risk aversion. As the degree of relative risk aversion tends to zero, so
that risk neutrality i; appréached, Y > =, implying e:+1’t = ef; i.e., the
forward rate becomes an unbiased predictor of'ihe spot rate.

Since, by assumption, covered fofeign bonds ére peffect substitutes
for domestic bonds, the real demand for foreign bonds is simply the real
'deménd for all bonds, D, less the real supply of domestic bonds B /P,

t
where Bt is the nominal stock of domestic bonds denominated in domestic

currency; 1i.e.,

D: B, | | | ©
t_p ..t . . : 6
P = P - 5, | |

The total real demand for bonds Dt is specified by the relationship
Dt = ”lyt + wyiy : w, >0 (7)

While it is reasonable to assume that Dt is an increasing function of the
‘ domestic interest rate, the response of D, to income is much more
indeterminate and therefore we place no sign restriction on Wy - The presence

of the term Bt/Pt in (6) causes the demand for foreign bonds to remain non-

linear. Denoting 2n Bt by bt a linear approximation to D:/Pz is given by"
DX/P* =D, - w, - w,(b, - p.) (8)
tt t 4 3t ft

where o, z (Etlﬁt), the average stock of domestic bonds divided by the

3
average price level and Wg = w3[1 - £nw3]. We shall normalize units so that

!.nw3 = 1 and w, = 0, in which case substituting (7) into (8) we obtain

- -. F * s ) > - - . - |
. D/Pf = @Yy + waly - uzlby - Py, (8"
Likewise, the real government intervention Gt/PE is also non-linear
and by a similar process a linear approximation is given by3
* - D* .
G,/P} = Ag, - PY) 9)

where A = (étlﬁz), the average real stock of forward exchange held by the-

government,‘and g, £ 2n G, Units are chosen so that 2n A = 1.
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Substituting equations (5), (8'), (9) into (4), we obtain the following

condition for forward market equilibrium: .
@y, * 0yl - wy(by = Py) = ﬂefnl,t - ef) * Mg, - Pp)- (10)
‘ Fin#ll&, we éssume that deviations in output from its natural level
; are determined by the unanticipated component of the dpmestic price level.
That is,
: Ye = 0(py - Pg ¢a1) . an
wﬁere we normalize units by setting y = 0, and P¢,t-1 denotes the expectation
of the price level for time t formed at time t-1. Such a specification follows
from the contract theory of wage determination of Gray (1976), Fischer (1977)
and Phelps and Taylor (1977).
This completes the specification of the model. Together, equations
1), (2, (3), (9) and (10) determine the equilibrium values of the five
endogenous. variables Py» it’ e:, ef and Ye in terms of the expectations
e:+1’t, pt,t—l and the exogenous variables iz, p;, it’ bt’ 8y as well as
the structural parameters of the system. The only thing that remains before
golving the model is the description of expéctations, which we take to
be formed rationally; i.e. price and exchange rate expeétations are optimally

fgenerated forecasts based on a solution of the model itself using all available

information.

3. DETERMINATION OF SOLUTION

| Substituting equations (1), (2) and (11) intp equations (3) and (10)
we obtain two equations, one a condition for money market equilibrium, the
other a condition for forward market equilibrium, Together thése equations
.determine the spot and forward rates of exchange. In matrix form, fhe two

equilibrium equations are

(.S m
1+a16+a2 -3, et vt
‘ £e] = | ¢ (12)
wz-wle-ws -wz-y etA vt
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m = - * j*

where v, Em, (1+a16)pt *ayi ¢ “lept,t-l
vf £ -wb, - Ag, + (0,0 +u, +A)p* + w,i* - w 9p - yes .
t 3t t 1 3 t 2t 17%t,t-1 t+l,t

Given current expectations about the future and past expectations
about the present, the first line of (12) determines a relationship between
e: and ef that equilibrates the money market and which we label the MM
curve. It appears in Figure 1 and has the slope (1 + ale + az)/a2 > 1.

The second line of (12) determines a relationship between ei and e, that
equilibrates the forward exchange market and which we label the FF curve.

It has slope (m2 - wle - ws)/(m2 + v) which can be of either sign. We shail'
assume, however, that it is less steep than the MM curve. This will certainly
be so if the income elasticity of the demand for bonds, Wy is not strongly
negative. o ' _ o . B _ L

The ambiguity in the‘slope of the FF curve arises for the following
reason: An increase in ei causes pt'to rise, reducing the real supply of
“domestic bonds. This raises the demand for foreign bonds and hence the

supply of foreign exchange forward. To generéte an offsetting speculative demand

for foreign exchange forward requires a lower value of €, - However, an increase

in ei also lowers lt and hence the demand for bonds. This has the opposite
effect on ef. The first effect dominates where domestic bonds are a large

t
share of total bond holdings and the demand for bonds is relatively interest-
1ne1asti§ (w3 > wz). Conversely, the second effect dominates when w, > Wg -
For the case in which speculators are risk netural (y + «) the
FF curve bécomes horizontal. The forward rate is determined solely in the
fbrward.market by speculative behavior, which ensures that e, = ez+1’t.
When the demand for money is interest inelastic, a, = 0, and the MM curve

becomes vertical. .The spot rate is determined solely»by money market




equilibrium. Otherwise, equilibrium values of the two rates are determined
simultaneously in the two markets.

.

. . s
In drawing the MM and FF curves, the expectations €eel,t’ Pt,t-1

have been taken as given. We now endogenize these variables by solving for

the rational expectations eqﬁilibrium of the model.

To do so, we first solve (12) (reéalling (1), (11)) to obtain

i
eS=us+ ¢S -pal (13) !
t " Y T fte,t Yt .

s _ X -1
where u, = [(mzw)mt + “2“3bt + g, - [w2+y+a2(m3+k)]pt + uzylzlA
8 = (wy*ty) + oy(vu,)

h-J
1

o) (wy+y) + aju,

Now take expectations from some arbitrary initial period 0 < t, Using the

property of rational expectatlons that 8(et+1 t]Q) = et+1 » Wwhere Qo

denotes information available at time 0, and taking conditional expectations

of (11) to show et - 0, T < t, we obtain
. )
s _ s
®,0 - Yt,0 * ¢et+1,o‘ (14)

To solve (14) we shall adopt the method of undetermined coefficients,

hypothesizing a solution of the form
s v s |

Substituting (15) into (14), we obtain
_ s .
[ X ul t+1 o kt] "Y%,0" ¢[ ! ¥i.1%t+i,0 * kt+1] (16)

and equating coefficients, we find

k, = ¢k | | (78)
uo=1, o (17¢)

o
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The general solution to (14) is thus of the form

‘f 1u +k ¢t ,, as)

t"'l ¢} (o]
1=

- . - - S
where ko is an arbitrary constant. Since ¢ < 1, to ensure that € o
?
remains bounded as t -+ », we impose the restriction that ko = 0.6

Thus from (18) it follows that

t+1 t = zo¢ t+i+l,t (1?)

while the solution for the actual spot rate, ez, is obtained by substituting
s

(19) into (13), recalling that ut =u.. Thus we obtain
s _©v .is -1 :
e, iZ=o¢ Ugei,p = PR Vg o (20)

To solve for current output Ye» We substitute the purchasing power
relationship (1) into the supply function (11), Using (19) at time t-1,

together with (20), we may write the solution for y, in the form
. s u.i s s- .
Ye A-tpe {(u - t,t-l) + Z ¢ (upyi e - “t+i,t-1) b i P;,t-l}' (21)
i=1

_From (21) we observe that depends upon the unanticipated components of
Y¢ ©€P up P

changes in the foreign price level (p; - p; t_1) and the composite disturbance
: ?

term (us - u: t- 1). In addition, it depends upon an infinite discounted
S . .
sum of terms (ut+1 . ut+i,t-1)’ which measure the extent to which forecasts

of u:+i are updated between periods t-1 and t, as information at time t

becomes available.

. An expression for ef can be obtained by solving (12) and substituting

t
(19), yielding

f

€

£ -1
x Ut + (14‘0-2)'YA z ¢ t"'l"’l t [al(wz‘ws) - (1"'02)0)2]A Yt (22)




where

£ _ ' ) -1
u, = [mz-ms)mt + (1+°2)”§bt + A(1+u2)(gt-p;) -(w2+a2m3)(1;+p;)]A .

Through the terms es+i £’ the current values of income and the spot and

t
forward exchange rates depend upon the entire time profile of expectations

of all future money supplies, bond supplies, government position in the
forward market, and relevant‘foreign disturbances. Equations (20), (21),

(22) form the basis for our subsequent analysis, Reduced form expressions

S
t

into (20), (22), but it is not necessary to report these explicitly: In

for e_ and ef may be obtained by substituting the solution for Yoo (21),
subsequent sections below we considgr the effects of three types of disturbances
on the economy:
1) various forms of domestic monetary expansion;
(ii) various forms of bond market or forward market intervention
by the domestic monetary autﬁorities;
. (iii) international disturbances, taking the form of changes
in the foreign price level and foreign interest rate.

These three topics are addressed in Sections 4-6 Tespectively.

4. DOMESTIC MONETARY EXPANSION

From the solution (20) - (22) the effects of an infinite range of
monetary distufbances can in principle be analyzed. These disturbances can
most usefully be distinguished in terms of: (a) the extent to which they
are anticipated or unanticipated; (b) their expected permanence or transcience;
(c) whether they occur immediately or are announced. Any specific monetary .
disturbance.can be parameterized quite explicitly by imposing the appropriate
changes.on ihe relevant terms appeafing in the expressions ui+i’£, uf+i,t‘
Obviously we can discuss just a limited number of disturbances, although
others can be considered aiong similar lines, In all cases, the monetary
disturbance will take the form of an increase in the money supply dmt,’which

is effected by a transfer. An open market operation can, however, be readily

treated in a similar way; see footrnote 8 below,
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4,1 An Unanticipated, Temporary Increase in the Money Supply

The initial disturbance in the money supply we shall consider is
one which is: (i) unanticipated as of period t-1, and (ii) expected

to last only during period t. It is therefore a purely random one-period

. s 3 .
shock. Accordingly, du dut+i,t-1 .0, 1i#0,

t+i,t
This disturbance can be treated quite conveniently by means of
the MM and FF curves given in Figure 1. Since u:+i,t remains
fixed, the spot rate expected to prevail in period t+1 and given by the
expresgion (19) is also unaffected by the changes being considered; that is,
de:+1,t = 0. Thus the assumption.of constant expectations incorporated in
the MM and FF curves is consistent with rational expectations when disturbances
in the money supply are perceived as temporary.
The effect of a random transfer in the money supply dm is to shift
_ the MM curve rightward. At any given forward rate, a higher spot rate is
Tequired to restore money market equilibrium. The FF curve is unaffected
by the change. Since, by assumption, the MM curve is steeper than the FF
.curve, the spot iate rises, as does the forward rate if FF is.upward sloping.
In terms of Figure 1, the equilibrium moves from A to é, say. As long as

the slope of the FF curve is less than one (which will be the case unless

rises by more than ef and the domestic interest

wg is highly negative), e> ¢

t
rate falls, Thus a temporary increase in the money supply is reflected
more in the current spot rate than it is in the forward rate. Given that
~ we would expect the spot rate to be more sensitive to current random

disturbances, while forward rates will tend to reflect more permanent changes,

this result makes good intuitive sense.

Tﬁe effect of an increase in m, on income Ye is given by

dy, 8(a,*7) 3 %
dmt tr A+ ¢b _ (

where the subscript tr refers to "transitory". Thus an unanticipated increase
in the money supply that is not expected to persist has an expansionary

effect. Differentiating (23) with respect to y revecals that an increasc in

i» e @y
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the elasticity of speculation has an ambiguous effect on the size of the
income response. If the FF curve slopes up more elastic speculation diminishes
the effect, and conversely. The same comments apply to the effects of increased
speculation on the spot rate.

An increase iﬁ‘y ties the forward rate more closely to the expected
future spot rate: whatever its slope, the FF curve becomes more horizontal.
When the FF curve slopes up an increase i; the money supply raises the forward
rate and conversely. Increased speculation reduces the absolute magnitude
of the response. If the forward rate rises as a result of the monetary
expansion, increased speculation reduces the extent of this rise. The fall
in the forward premium and hence in the domestic interest rate (via the
interest rate parity condition (2)) is incfeased, théreby increasing the
expansionary effect on income. Conversely, if the forwa*d rate falle as a
result of the monetary expansion then more speculation reduces the extent
of this fall. The fall in the interest rate is reduced, as is the expansionary
effect on income.

4.2 The Effects of Changes in Expectations

Any change. in the money supply that is expected to be permanent also

has effects on expectations. In order to consider these we analyze the

] . .S s £
effects of an increase in et*l,t on e/ and e -
An increase in e:*l t shifts the FF curve upward by an amount y/(w2+y),
»

leaving the MM curve unchanged, thereby shifting the equilibrium from A to C
in Figure 1. Both the spot and forward rates rise, the forward rate by
proportionately more. As the elasticity of speculation increases, so does
the response of both rates to changes in expeciations, with the increased

: responsiyeness of the spot rate increasing that of income. ‘

4.3 The Effects of an Unanticipated, Permanent Change'

We now consider the effects of a monetary expansion that initially
is unanticipated, but having occurred is expected to be permanent. This -
form of monetary disturbance has recently been discussed extensively in the
literature, and has shown to give rise to the possibility of "overshooting"
of the spot exchange rate\to a monefafy disturbance; see Dornbusch (1976),

Turnovsky (1981).

v — s
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Any monetary expansion that is expected to be permanent influences
the system in two ways., It operates first through the channels discussed
in Section 4.1 and second, through its effects on expectations noted
in Section 4.2. These éhanges are illustrated in Fig. 1 as a change from
"A to D. In the extreme case in which speculators are infinitely risk averse
(y = 0),'expectations have no effect on the present and it is therefore
irrele#ant whether a particular change is perceived as permanent or temporary.
Otherwise, both channels rust be considered.
The impact effect of an unanticipated.change in the money supply
ihat ex post is expected to be permanent is given by

d e(w.+y) '
{ Yt] ) B | ' (24)
P

EE; A-9) (B+p0)

where the subscript p refers to “permanent". Comparing (24) with (23),
we.see that the response of income is larger when the change in the money
supply is perceived as beiné permanent. In this case e:+1,t becomes greater,
- thereby reihforcing the expansionary effect resulting from the increased
money supply.

The effects on the spot and forward rates are given by

des] w +yv
t|] . Y2 :
[dmtJ IO (252)
P
def w, = ewl - ug + (1+p6/A)Y
o = . (25b)
t)p (1-¢) (a+p8)

From (ZSa)lit is seen that a 1% increase in the money supply leads to

8 less than 1% devaluation of the'spot rate. Provided that the FF curve

is upward sloping the monetary expansion will increase the forward rate,

although again less than proportionately, The ratio of the effectS of a

permanént increase in the money supply upon the forward and spot rates is

given by the.expression - .




w, =B, - wg + (1+p8/8)y

2 1
X (26)
while the corresponding ratio with respect to temporary disturbances is
W, - 8w, -~ w .

w, + Y

Comparing these two ratios we may infer that unless wy is very negative, an
increase in the money supply will have a relatively greater effect on the
forward rate when it is expected to be permanent than when it is expected
to be transitory. This result makes perfectly good intuitive sense for the
reasons noted in Section 4.1.

An increase in the elasticity of speculation increases the extent
to which income and the two exchange rates respond to a permanent increase
in the money supply. This result contrasts with the ambiguous effects of
increasingly elastic speculation oun the response to a temporary increase,
Since elastic speculation ties the current spot rate and income more closely
to the future, it may dampen the effects of temporary‘changes, but it amplifies
tﬁe éffects of permanent ones. As the elasticity of speculation tends to
infinity, we obtain

S

det 1+a2

dmt p = 1+u19+a2 <1 : (28a)

def

= = 1 (28b)
tjp '

Thus, far we have considered only the impact effects of a permanent
change in the money supply.. These short-run responses in the exchange rates

f . . . .
:, €. include an income effect, which operates through the last term in

equations (20), (22). For t > t, income reverts to its steady state level

€

of zero. The permanent changes in the spot and forward rates are respectively,

s R
.dir. = ._.f’.?_j_ >t ' (29a)
e P M T ‘
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def ”2'”3‘7
Tl ® seaa T>t . (29b)
tjp 2 273

When wg > 0 and a, > 0 the permanent change in the spot rate is
less thaﬂ the permaneﬂi change in the money supply while the permanent

change in the forward rate i; even lower. The reason is that the initial
increase in the price 1eve1 reduces the re;1 supply of bonds, increasing

the demand for foreign bonds, and lowering ef. The consequent decline in

the domestic interest rate raises the demand for money, so that a proportional
change in the price level is not required.

Comparing (29a) and (253) we see that the steady state respcnse of
the spot exchange rate to an unanticipated permanent increase in the money
supply exceeds its response on impact. That is, the exchange rate 'under-
shoots" its long-run response., While this result is in contrast the over-:
shooting obtained by Dornbusch, the difference is due to differences in
assumptions and accords with similar results in the literature. The critical
’ fhctofs in our model are: (i) tﬁat the domestic price level is not only

flexible, but also tied to the world price via PPP; (ii) the endogeneity
of income. As a consequence, any nominal expansion in the money supply is
‘- saccomodated partly by income changes and partly by price changes, thereby
requiring less adjustment in the exchange rate.’

4.4 Announcement Effects

Thus far we have considered temporary and permanent increases in
the money supply that were unanticipated as of the period before which they
actually occurred. If, instead, we consider changes in period t that are
" announced in period t-k, our analysis is subject to several modifications.

First, there are real effects only during perioé t-k, when the
snnouncement is made.” In all subsequent periods prices are correctly
snticipated. The effects of one-period changes in period t, the time the
5 and ef |

t t
with the income effects removed. Algebraically, these results may be

policy is put into effect, on e can be obtained as before, only

obtained by replacing 8 with 0 in theo analysis.in Section 4.1. No qualitative

I
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e
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- differences in the responses of e: and.ef arise when femporary changes
are anticipated. Whén permanent changes are anticipated, e: and e,
assume their new steady-state values, as income effects are
now absent.

Exchange rates from periods t-k until t are affected solely by

the effect of the announcement on expectations. Having computed the

i, the effects on ei-l and ef;l may be derived via the analysis

in Section 4.2, again with the income effects suppressed (unless k = 1).

effect on e

The effects on e:_i k > i > 1 may be solved similarly via backward iteration.

In period t-k, the announcement period, the income effect is no longer

suppressed.

The effect of the announcement monetary increase on income during
the announcement period, Yea1? is given by the expression

‘ -1.k
dyt¢k . e(azyA ) de:

dmt | A+pb dmt

Thus the effect on yt-#'is qualitatively.independent ;f the lag, but
“declines quantitatively as the lag becomes longer. and speculatioﬁ and
money demand becomes less elastic. In particular, if the demand for money
is interest inelastic or speculation inelastic, changes announced in advance
have no effects on real activity at any stage, Thus less risk-averse speculation
raises the sensitivity of income to preannounced monetary changes.
5. FORWARD MARKET INTERVENTION AND CHANGES IN DOMESTIC BOND SUPPLY

The effects of forward market intervention by the domestic government
‘and changes in the supply of domestic bonds can be described by considering
various changes in 8, and btl Note that_gt and bt appear in (12) additively.
Thus chdnges in these policy variables have parallel effects. An increase
in b; reduces the demand for foreign bonds and hence the supply of foreign
exchange forward for abritrage. The private speculative demand for foreign
exchange forward required to equilibrate the forward market is thereby
reduced. A government purchase of foreign exchange fbrward.does the same

thing directly. In either case a higher value of ef is compatible with
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forward market equilibrium. As with a monetary disturbance, these two
changes can take various forms (anticipated versus unanticipated, temporary
versus permanent, etc.) and can be analyzed in a ;imilar fashion to Section 4.
For this reason our comments can be brief.

Consider the effects of an unanticipated, one-period increasevin
the supply of domestic bond; or, equivalently, a one-time central bank
purchase of foreign exchange in the forward market. Either will bid up .
ef, given any value of e:: the FF curve in Figure 1 shifts up. Both spot and
forward rates will therefore rise, Since the slope of the MM curve exceed
unity, the forward rate rises by more than the spot rate, so that the domestic
interest rate rises. Since ez rises, so does the domestic price level,
and with it domestic output. Thus these effects are qualitatively similar to
those of a temporary monetary expansion, except that direct intervention in
the forward market has a relatively greater effect on the forward rate.

Consequently expansion is accompanied by an increase rather than a decrease

in the interest rate.

As the elasticity of speculation increases, the forward rate becomes
Increasingly tied to the expected future rate and the upward shift in the

FF curve diminishes, reducing the overall impact of the intervention on

. the endogenous variables ez, ef, and‘yt. In the limit, as speculation
becomes perfectly elastic, all these effects vanish.

Turning now to an unannounced increase in bt that ex post is
expected to be permanent .or, equivalently, a central bank purchase of foreign
exchange forward that is expected to be maintained each period, we may

show that, as with a temporary change in g_ or b_, the forward rate responds
mp 4 t t P

B L R VH

. more than the‘spot rate. This is true both on impact and in steady state,

Thus an‘iﬁcrease in g, or bt will raise the domestic interest rate permanently,
unless the elasticity y is infinite, in which case all effects tend to

zero.”

f, and p are

Finally, we note that steady state values of es, e
homogeneous of degree one in b and m, while i and y are homogeneous of
degree zero. Hence permanent proportional increases in b and m have no

effect on the covered interest differential, Ac.
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6.  INTERNATIONAL DISTURBANCES

The effects of disturbances in the two foreign variables p* and
i* can be analyzed similarly. In general, these two variables will move
simultaneously as they respond to common influences abroad. For example,
an increase in demand abroad will cause both p* and i* to rise, while a
monetary expansion abroad will cause i* to fall but p* to rise. For
simplicity, we shall focus oﬁ the two disturbances separately, recognizing

that any real world disturbance will be some composite of the two effects.

6.1 Foreign Price Level Disturbance .

An unanticipated temporary increase in p{ will shift the MM curve
to the left while the FF curve falls vertically, causing both e: and ef
to fall. As speculation becomes more elastic the sizé of the shift in the
FF cuvve diminishes and in the limit,;s ¥ tends to ihfinity, the FF curve
remains fixed. Thus as y rises | the effect of a foreign price increase
on the exchange rate diminishes.

The effect of the foreign price disturbance on domestic income is

dye) ey (1) 0
dp; tr A+p8

Provided that the average of 1level intervention in the forward market

is less than the elasticity of speculation (A < y), an increase in the

foreign price level generates a less than proportional fall in the sbot

rate so that the domestic price level rises, causing incomev£; rise as well.

The existence of a positive government position in the forward market (A > 0)

causes.e: and ef_to fall further in response to an increase in p;,providing

an offsetfing contractionary effect, Indeed, if the net government position

is sufficiently large, income may actually fall. Only when a, = 0 or

7'-4i is the response of the exchangé rate proportional, so that income is

unaffected. As speculation becomes more elastic, exchange rates become ﬁore

under the influence of future expectations and respond less to current

foreign price changes. The effect of a change in the foreign price level is
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consequently more fully reflected in the domestic price level, so that
the response of income is incfeased.

In the absence of a government net position in the forward exchange
market,.the effect of an unanticipated permanent change in p; ony, is zero.
' The spot rate appreciates by the amount of the foreign p;icé increase.

Thus there is no effect on the domestic price level, The forward rate
also chaﬁges by the same amount . Therefore, even on impact, changes in
the foreign price level that are perceived as permanent have no real
effects. Seé Harris and Purvis (1979) for a similar result. With 2 > 0,
however, an unanticipated permanent increase in p; generatés a more than

proportional appreciation of the spot rate, causing domestic income to fall.

6.2 Foreign Interest Rate Disturbance

An unanticipated one-period increase in i; leads to downward shifts
in both the MM and FF curves. The fall in the former exceeds that of the
latter so that the spot rate rises, whilé the response of the forward rate
is ambiguous. ’Becauée of the rise in the spot rate, the domestic price
level and output also rise, As speculation becomes more elastic the shift
of the FF curve declines in absolute magnitude and the increasesin the
spot rate and income become greater.

The effect of an unanticipated changg in the foreign interest rate
that is perceived as being permanent on income is

sz ) azye

dif P (1-4) (8+p0)
with.an.incfease in the elasticity of speculation increasing the magnitude
of_this impact, It is interesting to note that, in steady state, the change
in the domestic interest rate resulting from a permanent change in the

foreign rate is

. b 3 s

di de de; |

'ciiE =1+ |5 - s Ty
tjp tjp t)jp 1 273

(31)

(32)
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In general a permanent rise in the foreign interest rate leads to a less
than proportional rise in the domestic interest rate. If speculation is
perfectly inelastic there is no effect, while as speculation becomes

perfectly elastic, the effect tends toward exact proportionality.

7. CONCLUSONS

This paper has developed a macroeconomic model in which domestic
. and foreign bonds are perfect substitutes on a covered basis, but in
vhich speculators are assumed to be risk averse., Under such conditions,
previous portfolio investment modcis have shown a risk premium on forward
exchange is likely to be established, We have analyzed the effects of
various transitory and permanent disturbances on the economy and shown
how the existence of the risk premium has important implications for macro-
economic behavior, |

Perhaps of greatest interest is the proposit%bn that an increase
ifn the degree of speculation, reflecting a reduction in the degree of risk
‘- aversion, is likely to reduce the expansionary effects of a transitory
increasevin the money supply,on the one hand, while increasing the expansionary
effects of a permanent increase, on the other. From this it follows that the
assumption of perfectly eléstic speculation (under which the risk premium
is eliminated) is likely to overstate the difference between permanent and
temporary changes. This assumption also tends to exaggerate the announcement
effects of changes to occur in the future. |

Because our model explicitly incorporates a forward market, it suggests
some- interesting implicatioﬁs as to how spot and forward rates reveal
infqrmafion about expectations. Typically, changes that are perceived as
being permanent are reflected relatively more in the forward rate, while-thé
spot rate responds more to changes lthat are seen as being only temporary.

Our analysis has focused primarily on how the economy responds to

temporary and permanent changes in the money and bond supplies and in the
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central bank's forward market position. A natural extension of
this is the design of money supply and forward market intervention
rules that stabilize the domestic economy in the face of stochastic

disturbances. This issue is taken up elsewhere.®




*

FIGURE 1




FOOTNOTES

Two other macroeconomic models which incorporate a more general specification
of speculation in the determination of forward market equilibrium are by
Eaton (1978) and Harris and Purvis (1979). Both models assume full employment
so that the income effects of various disturbances cannot be analyzed. Both
papers also focus on situations in which current information is not fully
available, and consider the information revealed by spot and forward exchange
rates. '

We find it analytically convenient to separate forward market participation
into pure speculation and pure arbitrage. We implicitly treat the acquisition
of an amount x of uncovered foreign bonds as combining a cove:ed investment
of x in foreign bonds and a speculative purchase of foreign currency forward
in amount x. In a portfolio model of foreign investment we identify a third
motive for participating in the forward market as hedging against domestic
inflation. Forward positions for hedging purposes depend upon the relative
variability of the domestic and foreign price levels and do not respond to

“the variasbles we are concerned with here, We may thus treat the forward

position due to hedging as a constant absorbed in St; see Eaton and
Turnovsky (1980).

Y as well as other parameters of the macro model are functions of the
variances 02 etc. Elsewhere (Eaton and Turnovsky (1980)) we have shown
how these variances can be generated by underlying exogenous stochastic

elements of the economy,

The approximation in (8) is obtained as follows

B, - = (B-B) =[p.-P B,-B P -P
DY I 1l O P (PO i 2t
t P P| B PLP - B P
B,-B. Bt-ﬁ - -
Now — v fnl 1+ — =¢n B /B=">b_ - 2n B.
= = t t
B B
pt-i -
Similarly —Q——Y¥P - inP so that
P
B

t - - -
F:-g w3[1 + (bt - fn B) - (pt - 2n P)]
= N3[1 - %n m3] + ms(bt - pt).

The argument follows that in footnote 4, with Gt/P; in place of Bt/Pt'

One rationale for this procedure is obtained by imposing a transversality

condition on a corresponding infinite horizon optimization problem,

See Turnovsky (1981) for further discussion of this issue. Elsewhere

(Eaton and Turnovsky (1981)) we consider the implication of risk averse

speculation for exchange rate dynamics in a model that incorporates short-run

zrice inflexilibity. See also Driskill (1980) and Driskill and McCafferty
1980). :

-
.




A monctary expansion taking the form of an open market operation is
described by dM + dB = 0, which in terms of logarithms is dm + (B/M)db = O.
In effect this is a combination of the policies discussed in Sections 4 and
S and the various cases can be considered as an extension of theseresults.
It is worth noting that in the absence of wealth effects (w. = 0) an open
market operation is equivalent to the monetary expansion discussed in
the text.

See Eaton and Turnovsky (1980).
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