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I. Incroduciion

The widespread floating oi exchange rates sihEe 1973 has provided
the first world-wide data for studying flexible-rate regimes in the post=-
WWII era. The large volatility of sxchange rates seen in these data
created a natural scientific demand fer aﬁ exchange~-rate theory consistent
with the new evidence. The beginnings of such a theory, which became
known as the Asset Market Approach to EZxchange Rates, emerged in 1976 in
the work of Dornbusch (1976), Frenkel (1975),. Kouri (1976), and Mussa
(1976a). 1In particular, these authors offered explanations for why
exchange rates may be expected to be more volatile than current underlying
exchange-market’fundamentals.;j

Dornbusch {1976). suggested that goods markets adjust slowly while
asset markets (to a first approximaticn) adjust immediately. Siﬁcé exchange
rates are asset prices they adjust quickly compared with goods prices.
With both goods prices and exchange rates entering asset marketé, exchange
rates must bear a larger immediate burden of asset market adjustment,
following a disturbance, than will be required oncé goods prices have begun
to adjust. This was the celebrated overshooting result which has subsequently
been refined by Frankel (1979), Frenkel and Rodriguez (1980),) Mussa
(1977), . Rogoff (1979) and Wilson (1979).

The explanation offered by Frenkel (1976) . and Mussa (1976a) was
tﬁ;t since current exchange rates reflect agentd beliefs not simply about
current market fundamentals but also about the entire future of such

fundamentals, a disturbance to current fundamentals may be magnified in

its exchange-rate impact bacause of the disturbance's effect on beliefs



about future fundamentals. This explanaticn was called the magnification
effect and has been studied by Bilson (1978), (1979) and Meese and
Singleton (1980a) -

The explanation offered by Kouri (1%76) was that a disturbance to
current fundamentals may be magnified through its,afféc£ on the current and
expected future distribution of world wealth.. This explanation has been
studicd in linear models with rational expectations by Beyer and Hodrick
(1980) and Flood (1979b).

It is useful to think of the Kouri view as one which endogenizes

explicitly one of the elements of market fundamentals of the Frenkel-Mussa -

model. This is an interpretation pursued in the appendix. Because of
the relative analytical difficulty of Kouri's model, magnification effects
are discussed here only for the Frenkel-Mussa model.

The present paper is intended to accomplish two tasks. First, ﬁodelg
predicting overshooting and magnification respectively will be'chécked for

their consistency with two key empirical regularities:
(1) the observed pattern of price-level vs. exchange-rate volatility,

(11) the observed pattern of spot exchange-rate vs. forward exchange-

rate volatility,

Second, a widely neglected reason for exchange-rate volatility, activist

monetary policy, will be studied.
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Accomplishiug fhe first task requires that we note that two imporﬁant
differences between the Dornbusch and the Frenkel-Mussa models are that
Dornbusch's haé sticky goods prices while Frenkel's and Mussa's have freely
flexible prices, and Dornbusch distinguishes betweeh domestic goods and
other goods while Frenkel and Mussa deal only with a single aggregate
commodity. In order to confront the patterv of exchange rates and price
levels the Frenkel-Mussa model is expénded.presently to distinguish
domestic and other goods. In the context of this expanded model it is
found that both the Dornbusch and the Frenkel-Mussa mcdels are cénsistent
with observed data when the.domestic share of the domestic good in con-
sumption is greater than the foreign share of the domestic gocd in their
consumption, and both models are inconsistent with the data when the above

condition on consumption shares does not hold.

The second empirical regularity, which is that the spot exchange rate
and forward exchange rates (of all maturities) tend to move closely together
"and thus have about the same degree of volatility is a striking fact which

is not necessarily implied by either version of the model.: &

~the
differences in spot and 90 day forward rate volatility are explored for
five industrial countries and the results are interpreted in terms of
both the Dornbusch and Frenkel-Mussa versions of the model. 1In add;tion
I examine the pattern of spot and forward rate volétility for the U.S.-
Canada rates for a forward maturity of 360 days.

Thg.results here are suggestive of a methodology which may be useful in

measuring the importance of exchange-rate overshooting.

The paper's second task is to argue that activist monetary policy
contributes to exchange-rate volatility. In an example it is shown that
if monetary policy is actually attempting to stabilize interest rates
and if a mqnetary innovation is treated as uncorrelated with other
disﬁurbances in the economy then by ignoring the covariance of monetary
innovations with other disturbances, exchange-rate volatility will be

consistently under-predicted.



The organization of the paper is as follows."In section II the two
versions of the model are presented and solved. 1In section III both versions
of the model are called on to explain the observed pattern of prices and
exchange rates., In section IV both vérsibns are challenged to explain

simultaneously spot-rate volatility in excess of volatility in fundamentals

.and forward-rate volatility which is approximately the same as spot-rate

volatility. Section V contains the argument that activist monetary policy

exacerbates exchange-rate volatility,

I1I. Two Versions of a Two Commodity Exchange-Rate Model

The model presented in this section describes a country which is
large only in the markets for its own money and its own output. Both a

sticky-price and a flexible-price version of the model will be considered.

The Model

Money Market

mo-m =gy -l ta,(p vy, -om) . W

m =8 +(1-6)g,0<0x1 . @

it = it + ft - s, : _ (3)

ST ft = Es ' | ‘ (4).

Goods Market

y.,=y=0 (5)
d . ) .
Y. = By - 8y(p, - qt) - By(iy = (Elm g = m. 1)+ wk (6)



p, = P+ 5, | 9
q = qt + s, | | ®)
£-15e T e-1"e (92)
Ve © yi | | | .(91?)

(10)

mt - pmt:--l + vt

i} = iy b v - —
VET Vi T U (12)
qf = q* =0 | (1)

Equation (1) describes money market equilibrium. In 1égarithms,
money supply (mt) minus the price level (nt) equals real money demand, where
money demand depends on the level of the domestic interest rate (it5 and |
the logarithm of real domestic income (pt + yt'- nt), with pt.and.yt the
logarithms of the domestic price of domestic output and the quantity of
domestic output, respectively. To siﬁplify algebra I assume a, = 1, which

implies that (1) may be written as

- ' 2/ o
t " Pe oy ol ty,. | (14)

Equation (2) defines the price index (ﬁt) with g being the domestic

consumption share of the domestic good and 9, being the 1ogarithm.of the



domestic price of the foreign good. Equation (3) states the covered

interest parity condition with ii the level of the foreign interest rate,

ft the one period forward exchangé rate and S, the spot exchange rate.
Equation (4) says that the forwgrd rate equals the expected future

spot rate, tE being the cbnditional mathematical expectation operator

with information at time t conditioning the expectation. The time t

information set,'Qt, is defiﬁed to include the values of all relevant

variables dated t or earlier and the values of the model's parameters. It

follows that tEx 3 |Qt) for any variable x

t+) - E(xpy t+i

Recent empirical work on equation (4) has»p;oducéd;anmngd;ge; of .l
result;, ﬁith the weight of the evidence suggesting thét tﬁ)”doe; ﬁot hold
exactly:gl In particular there may be a time-varying risk premium separating
, ft and tEst+1 (see Meese and Singleton (1980b)).é/ However, such e;idence
‘does not contradict the assertion that (4) is a good approximation and a

useful simplification in a study of exchangew~rate voi&tiiiny.
Equation (5) states that yt.is a constant (;5, which is normalized
- to zero. Equation (6) gives the logarithm of aggreégate demand for the
domestic good (yi). This demand depends on the logarithm of the relative

price of the domestic good (pt - qt), the domestic real rate of interest

(it.- tE(”t+1 - "t))’ and w¥ a term summarizing aspects of foreign or

domestic demand not eaptured elsewhefe;y'Equations (7) and (8) ensure that
goods markets are arbitraged as pi is the foreign price of the domestic

good and qi the foreign price of the foreign good.

Goods market equilibrium is described by (9a) or (9b) depending on
whether prices are sticky or flexible. If prices are sticky, equation (9a)

is the relevant goods market equilibrium condition. Conditional on t - 1



information the price of domestic ourput for time t, Pi> is set at the
level expected to clear the goods market during period t. Such pricing is
purely anticipatory of events expected at t; but pt does not‘respona to
actual events at t and thus is predetermined. This type of pricing is

a polar extreme of standard pricing rules. Mussa (1976b) and McCallum
(1980)° derive rules where pricing is partly anticipatory and partly

6/

dependent on past excess demand.—~" In the Dornbusch model, pricing depends

entireiy on past excess demand. Thus, the present pricing rule and that
of Dornbusch_ére extremes, which are spanned by the rules of Mussa and
McCallum, The extreme of purely anticipatory pricing has been adopted
presently because of its analytical simplicity. Where appropriate,
the modifications of the argument required for othef sticky price rules
will be indicated. |

~ For flexiblé prices,.equilibrium conditioﬁ (9b)‘h01ds.‘ Heré; bt'is
determined simultaneously with other wariables dﬁring period t. Equatioﬁs
(10) - (12) specify m ii and wi to be first order autoregressive processes.
For simplicity i% and w? are treated as random walks., Equatibn (13) states-

that the foreign-currency price of foreign goods (q?) is a constant (E*),

which is normalized to zero. The variables v v¥ and ui are zero mean

t’ 't
disturbance terms which are mutually and serially uncorrelated with finite

7/

. 2 2, 2 .
variances g , o * and cu* respectively.—

Solutions

The solutions of the two versions of the model for S, and p, are

given below,



Sticky Prices

S¢ T Mo + Y11%¢eo1 +. Y12V + Y13it-1 + Y]_L-,V'E +. YlSW:t'f-l + ’Yl6u7t,'f (15)
Pe ™ Yoo * YarBea1 * YagVe * YasThip * vpuvEt asvhoy * vyt (1)
Flexible Prices
s, = Ao * Ar®eo1 T A1aVe T ohpafEer tAvE T MsVia T Mgt an
Pp = Mg+ Apqeoy T AgaVe T hasitor *hoVE Tt Mas¥ial T A"t (i)

where.the Yij and Aij are expressed in terms of behavioral‘parameters in
table I.

The sticky price solutions in table I were obtained froﬁ equations
(2)—(8),.(14); price setting in accord with (9a) and exogenous processes
4(105—(13),' Theisolutioﬁs for the flexible price version also use (2)-(8),
(145, and:(10)—(13) but uses (9b) instead of (9a).
| ‘ Néte'that the results of the sticky price version are similar to thosg
of Dornmbusch (1976), and Mussa (1977). If money follows a random walk
(p = 1) then Yi1 = 1, implying the effect of a monetary disturbance on
the exchange rate (le) must be greater than the disturbance itself,

=-§— + 1> 1. A similar result holds for v:, the disturbance to i%,

Y
12 1 | . t

Market fundamentals are defined presently to be the set of state variables
- [ % % * i i

z (mt—l’ Vs i¥_1, vE, w:_l, ut) which are the same for both versioms

of the model.§/



TABLE 1

Sticky Prices

Flexible Prices

Y10 11 Y12 Y13 Y14 Y15 116
b 1 D ' i} e
* T+a (-0 al'*1 oy - a) + (By/B) |1 + oy + (By/B))|-1/8) 1/8;
Y20 Y21 Y22 Y23 Y24 Y25 Y26
* P 0 ) 0 0 0
1+ 0L1(1 - p) 1
Mo - M1 M2 M3 M4 s Me
p 1+ 0‘1)‘11
* _ g
T+ d-p| T+a oap + (By/B | oy + (By/8) 1/8 /%
; .
A0 A 92 Ay3 s Ao A6
, 0 1+ 0‘1)‘11 N 0 0
T+o, 0 -p)| T+a 1 ! |

* Constant terms not reported
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Volatility

In the following sections the volatility of any variable x, is defined

' 2
t-lvar(xt) = t-1E[(?‘t - t-.lExt) I o (_19)

an i - i ; i t which
vhere  ,Ex = E(x, ‘Qt-l) and __; is the t 1 information set w

inclddes all variables dated t - 1 and earlier and the structure of the model,

The present measure of volatility is a measure of predictability, which

Frenkel and Mussa (1980, pp 374-5) argue to bemﬁppropriate for

eéxchange rates,g/

III. Exchange Rates and Prices ' - ' ' :
Recent empirical work has found that exchange rates and national
price levels (consumer prices or wholesale prices) do not follow closely
' thé predictions of purchasing power parity. The relationship of prices and
éxéhénge rates was studied by at the macro-level by Frenkel (1980a), (1980b)
dnd Krugman (1978) ' and was examined at a more micro~level by Kravis and |

bt i S o e 7 [P

Lipsey (1978), Isard (1977) and Magee (1978) . These studies suggest

tha; except for the most homogerous of products, different countries' outputs
should be treated as different products. .This regul#rity has been
embedded-in the two versions of the model at hand by differentiating domestic
and foreign goods. |

Another regularity concerning prices and exchange rates is that
exchange rates are more volatile than relative national price levels
(C.P.I. or W.P.I.). This péint was made by Stockman (1980), . Freﬁkel (1980a)

and Frenkel and Mussa (1980), and is documcnted for the current definition

© o e+ o
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of volatility in Table II. The results in Table II indicate that the

ratio of spot rate volatility, VAR(sr), to relative C.P.I. volatility,

t-1

t_lVAR(ln[C.P.I.(i)/C.P.I.(j)]), range from a low of 5.76 (i = Japan,

j = Switzerland) to a high of 110.18 (i = U.S., j = Switzerland). Thus,

we require our exchange rate models to be consistent with exchange-rate

cqs , X o , 2 s 1
volatility substantially in excess of relative price level VOlatlllty.—Q/
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TABLE 11
CANADA GERMANY JAPAN " SWITZERLAND U.K.
u.s. 16.60 ~ 54.76 15.58 ~110.18 9.4
CANADA - 43.39 S 15.21 53.30 7.01
GERMANY - - ) 11.17 18.54 20.19
JAPAN - | - - 576 13.61
SWITZERLAND - - - - 14.59

The entries in this table give the ratio of the sum of squared residuals in regression

Sij

‘information set Q(ijs t

to the sum of squared residuals in regression pij where :

i, j are counters over the country set (U.S., Canada, Germany, Japan, Switzerland,

U.K.),

Sij is an ordinary least squares regression of the log of the mid-month spot

exchange rate for month t for countries i and j on a linear trend and the

1) which is the wector

Q(ijs t - 1) = {s(ij; t

k), k=1,2,3, 4

flijs t - k), k=1,2,5,4: p(is t-k), k=1,2, 3, &
p(j; t-k), k=1,2,3,4},

where

s{(ij; t - k) is the loa of the mid-nmcath spot exchange rate for countries i

and j for month t - k

f(ijs t - k) is the log of the mid-month 90 day forward exchange rate for

countries i and j for month t - k
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Sij is defined in Table I

P.. is the ordinary least squares regression of p(i, t) - p(j, t) on a linear

iJ
trend and the information set Q(i, j, t - 1), which information set is defined .
in Table I.

Data sources are reported in the appendix.

It is interesting to ask how well the two versions of the present model do in
explaining exchange-rate volatility in excess of price-level volatility. The domestic

price level is defined by equation (2) the foreign price level 1is given by
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mE =6%pE + (1 -8%)qf, 0<8%< 1 o (20)

where 6% is the share of the domestic good in foreign consumption. Egquations

(2), o), (7) and (8) may be manipulated to yield

- ko= . - o - -

For the sticky price version, P is predetermined and for both versions

Tt =‘E% = 0. It follows that for sticky prices,

2 .
t:__1Var(1-rt - ﬁ"'é) = [1 +g - e]t_IVar(st). Q2)

Thus, if ¢ >-y-(i.e. if home goods are a larger share of home consumption
than of.foreién consumption) (1 + 8¢ - g) is a fraction and the sticky price
vmodel has no difficulty in reconciling exchange~-rate volatility in excess
of price-level volatility.
We next turn to the performance of the flexible price version. Equation

(22) was a special case holding for predetermined | In general (with

@t = 0

C a2
poqVar(m, = ) = [1 4 - gl%_ Var(s,) + [ -0*]7_ Var(p,)
| @3)

2[1 + & - ol -o*],_,Cov(s,, p,)

where t_ICov(xt, zt) = t_lE[(xt_- t-lExt)(zt - t-lEzt)l for any two variables

X5 2 To obtain an expression for price-level volatility with flexible

t.

prices, substitute the solutions for 's_ and P, into the right-hand side of (28).

t
.These substitutions yield



-~15~

. = i F!‘2‘.‘ 27': “i'
t_1Var(nt - ﬁi) = t_.1Var(st) - ¢1vv“ - chu (24)
where
20048 ] 2 [ B8 8
. . 1°2 ~2
= et - 4 (- o) mem2 5 22 (25)
1
2
- Q¥ + 6% - - O
By By

If g > &% then both ¢1 and ¢2 are positive and the flexible=-price version
predicts exchange-rate volatility in excess of price-level volatility.
The intuition behind this result is that disturbances which alter relative

price (u% and vi) tend to improve relative price (increasing Py = st) when

.appreciating the domestic currency (decreasing st) thus inducing a negative
covariance of S, in (21) with the relative price term in (21). If (g -6%) > 0
then this negative covariance unambiguously produces exchange-rate volatility

in excess of price-~level volatility.

RIS,
E T OO0 W G R e -

Three points are demonstrated in the analysis of this section. Fixst,
+ - both the sticky-price and flexible-price versions of the model predict

exchange~rate volatility in excess of price-level volatility when the share



of domestic goods in domestic consumption is greater than the share of
domestic goods in foreign consumption. Second, aeviétions from purchasing
powér parity, which may be obstained from equation (21), show persistence

if relative price changes show persiétence whether prices are sticky or
flexible. For example, for Elexibie prices and the exogenous processes
presented here p# - s, {the terms of trade) fpllows a random walk implying
(for o # g% that mo- ni - s, also follows a random walk, Third, both
versions predict a negative correlation of innovations in S, and innovations
in the texms of trade (pt - st)._ For the sticky price version, the correlation
arises because exchange-rate innovations are innovations in the terms of
‘trade. 1In the flexible-price version the correlation arises because things

which tend to improve the terms of trade (positive u§ negative vi) tend to

appreciate the domestic currency.ll/

iV. Exchange Rate Volatility in the Spot ard Forward Exchanasc Markets
Studying the time series behavior of spot exchange rates Meese and

Singleton (1980) : found that they could not reject the hypothesis that

exchange rates follow a random walk around a linear trend. This hypothesis :

is formalized as
s, "By * Bttt 5 +e _ 27)
E(e,e, ;0 =0, 4 #0. , A (28)
Yhen (27) and (28) are combined with the additional assumption

t“lE(tt‘*'i) = 0 i = O, 1, 2 soney (29)
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the following may be deduced

_lVar(tEst+i) 5

Var(e) | T DAoL .. (30

t

t-1
Equation (30) states that the_vélatility éf aﬁy expeétéa fﬁturé spot rate
and the current spot rate are approximately equal.

To the extent that forward rates are equal to expected future spot
rates, equation (24) matches closely the regularity noted by Mussa (1979,
page 14) that "For all maturities of forward contrécts, the day-to-day (or
week-to-week or month-to-month) change in the forward rate.is always
very close to the day-to-day (or week-to-week or month—;o-month) change
in the contemporaneous spot rate,” Mussa's observation and equation (24)
match the regularity reported in Table III, which provides measures of

12/

t_iVar(f In the rest of this sebtibn=@£&%w@wﬁﬂﬁmﬁions :

t+3)/t—1var(5t)‘
of the model will be calied on to explain the regularity reported in
Table III. First, expressions for both sticky prices and flexible prices
will be developed for t_lVar(st+j)/t_lVar(st). Second for hypoﬁhetical

(but perhaps reasonable) values of the relevant behavioral parameters

the values of these expressions will be compared with the values in Table 111,
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TABLE 111
CANADA GERMANY JAPAN -~ SWITZERLAND U.K.
Uu.s. | 1.05 .99 1.07 1.01 1.22
CANADA | - 1.05 1.07 1.03 1.15
GERMANY - - . .07 .95 1.10
JAPAN - - - 1.03 1.07

SWITZERLAND - - - ) ' = 1.13

The entries in this table give the ratio of the sum of squared residuals in regression

sij to the sum of squared residuals in regression Fij’ where:

S.. is a regression defined in Table II and Fij is an Qrgjnary least squares

iJ R
regression of the log of the mid-month 90 day (3 month) forward exchange rate
for month t for countries i and j on a linear trend and the information

s are reported

set 9(ij; t - 1), which is defined in Table II. Data sourc

in the Appendix.
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The Sticky-Price Version

Equation (l14) may be rewritten as

be ~ Pp T m o (Begy - s, - D

where 4 = m_+ gl_i‘{i‘ = Y. For the sticky price version, P, is predetermined
and hence disturbances which'are felt through b, (such as current monetary
disturbances) muét unexpectedly alter the forward premium, £E5t+1 ~ S
FUnexpected changes in tEst+1 - st obviously require different unexpected
changes in 8 o1 and s, and thus different volatility,

The sticky-price version of the model illustrates an example of this

point. For the sticky-price version use (15) to calculate

o 22 22, ., .2 2 -
t,l‘Var(.st) = (E'I + Yll) o, @+ YlB) o, ¥ * ¥]50,* < (32)

| 2 21y 2, 2 2., 2 2, | .
t"ivar(tﬁ_s‘!ﬁ'"") TP O + 13% + ’Yl__sgu . %=1, 2, 200 o (33)

In this version, the spot rate is unambigously more volatile than the one
step abead expected future spot rate (j = 1), Further, if p is in the range

- 1< p< 1 then the spot rate is more vplatil.e than all expected future
spot rates, and if |g |> 1 then for j greater than some integer, expected

future spot rates must be more volatile than the surrent spot rate,

© o ottt T 7

Sticky~price models normally exhibit exchange-rate overshooting.

An exchange rate is said to overshoot when its immediate respomse to

8 sticky-price model the apprepriate benchmark is the exchange-rate's
fmmediate response conditional on prices being freely flexible, Further,
sticky price models V§h.a-r-_e the aspect that the forward premium must adjust

to accomodate disturbsnces to ecurrent money-market fundamentals.

4
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The model at hand is special in that with purely anticipatory pricing,
the goods market is currenfly expected to be in equilibrium next period
and to remain in equilibrium indefinitely. Thus, the economy is.expected
to attain its 1ong-run.or benchmark path after a single period’s adjustment.
This differs from stiéky-price models with adjusiments to lagged disequilibrium
because in such models, the ecohomy approaches the lorg—run path assymtotically.
However, if the present model exhibited typical price adjustment to past
disequilibrium then it would comverge to the same path achieved in one
period by the present sticky-price version.

Consider the nature of the difference in response patterns of current
and expected future spot rates for purely anticipatory pricing vs. lagged
disequilibrium pricing when the disturbance is believed to be.a once-and-
for all increase in the money supply (5 = 1). With P predetermined, the
first period money-market response is the same for both pricing rules~~the

forward premium adjusts to clear the money market. Thus, the exact same

wedge must be driven betwegn the current and the one period expected future
spot rate irrespective of the pricing rule. However, with purely anticipatory
pricing the induced change in the forward premium is the exact measure of
overshooting as complete adjustment is expected to be made in one period.

With pricing in respon;e to lagged disequilibriqm, price is not expected
to adjust fully by next period and thus real balénces are expected to be
higher next period with iagged adjustment pricing than with purely
anticipator& pricing. These additional real money balances require higher

money demand, which is accomplished by a second period rational forward



21~

42 < tEst+1)' Since this discount

discount on foreign currency (i.e. tEs
is rational, the spot rate must be expected to continue falling during
the second period. Indeed, the argument may be extended to show that the

spot rate must be expected to continue falling in all future periods until

goods market equilibrium is attained.

The first period premium (tEs - st) is the same for both rules

t+1
and both rules have the same long run, but the lagged disequilibrium xule

requires anticipated adjustments in s _,, for j »'l. Hence the lagged

t+j
disequilibrium rule must provide a larger immediate exchange-rate respomnse
than the purely anticipétory rule. This larger response is entirely in
terms of greater overshooting. |

Since the long-run response is the same for both pricing rules
but the immediate response is larger for lagged Aisequilibrium pricing
than for purely anticipatory pricing, it follows that (for the disturbance
considered) for maturities greater than some length the difference in spot

and forward-rate volatility must be greater under lagged disequilibrium

pricing than under purely anticipatory pricing.

This result is exactly correct for 5 =1 and.it will hold up for
-l<p=<1l., When 'p |> 1, then, irrespective of the pricing rule, 'for
mayﬁrities of forward contract greater than some length forward rates
would be predicted to be more volatile than spot rates.

The example presented here gave current money market,disturbanqes a
central role. It méy be though that money market disturbances do not enter
the money market currently and/or that disturbances to other markets are

important for exchange rate determination. First sﬁppose that new information .
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involves future values of money market fundamentals rather than current
values. If such information is the source of money market disturbances
then equation (la') indicates that sinéé innovations in future market
fundamentals dp not enter (la') through Wy or pt ther the innovations

must have exactly equal effects on S, and tEst+ as would be true with

1

S, following a Fandom walk. Second, suppose that disturbances to goods
markets are an important source of exchange-rate volatility. (This would
bé true presently if yisci# were large relative to other components of
equation (32).) If these goods market disturﬁances are uncorrelated with

money market disturbances then S. and tEs must be affected equally by

t+1

such disturbances as would be true if S, followed a random-walk.,
These last examples are not intended to suggest that exchange rates
actually must follow a random walk in response to the discussed disturbances.

They are only intended to point out that substantial co-movement of Sy and

tEét+1- 1s not ruled out by the sticky-price version.

The Flexible-Price Version

To begin studying the flexible-price version it is useful to rewrite

(14) as

We =S¢ = - o ((Esiyy = 50 o - (34)
where y =m +gi*+ -y +[s -p.l.

since e contains the nominal variable“mt it is reasonable to suppose that

-~

disturbancesyto may, in part, be signals of disturbances to mone owth
K g y gr

rates, If such disturbances do signal changes in money growth rates then
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these disturbances will alter both S, and (“Est+1 - s,.). To the extent that
— C t : )

a disturbance in W results in an unexpected increaszs in (tEs - st) then

t+l
the digturbance's effect on s_ will be magnified in its effect on St. Indeed,

this is precisely the magnification effect of Frenkel (1976) and Mussa (1976).,

For a magnification effect to take place though, tEst+1'must be more volatile
than e This point is illustrated in the followlng example.

For the flexible-price version,use equation (17) to calculate.

22 .2 2, .22

£-1V8E(80) = 2100 F Ayt Al 35)
=2 202, .2 2 2 2, j=1,2, 3, ...

t'lvar(tEsb+j) Kllp GV + Xlagv* + X16Uu* J s &5 I {36)

By inspecting the values of A2 and Xll listed in Table I we find

that the expressions in (33) and (36) are exactlz.the same oniy when o = 1,
If - 1 <p <1 then (36) must be less than (35) for all j and if |p |> 1
then (36) must be greater than (35) for all j.

The case of [p| > 1 1s relevant as this is required for the magnification
effect to be present. In this model, the magnification effect.holds for
monetary disturbances when *12 > 1. The magnification effect is the flexible
price counterpart to overshooting in that it too explains spot-rate volatility

" in excess of volatility in current market fundamentals.

Some Illustrative Calculatioms
The point of the present discussion is to relate the above formal
‘models to the data. To establish such a relation (without estimating the

model) assumptions need to be made about some of the model's parameters.
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In particular values of oy and p will be sufficient to'gain some
preliminary insights about the importance of magnification and overshooting
effects.

In his widely cited study Goldfeld (1973) found that the combined
long run interest elasticity of money deﬁand was —,23.32/ To convert
this number to a semi—elasticitylé/ we divide it by the appropriate
interest rate which I assume to be .08 (8 percent per year). Thus the
annual semi-elasticity is 2.875 years. Presently 1 month is taken to be
the relevant period and the monthly semi-elasticity is thus (2,875 years)
x (12 months/year) = 34.5 mpnths, which is the value of al used below.

To have a magnification effect present we need p > 1, Further, such
a nonstationary money supply process is consisteat with the model only
if ]p] ; (al + i)/dl b 1.03;1§/ The choice of p ia the ramge 1 € p < 1,@3

~ is arbitrary. The follcwing calculations use p = 1,015,

For the flexible price version we find

Var( Es_. .,)
= Va:(st-;3 =L+ A ; g G2 } < 1,093 (37)
- o} o} - _ _
el 10.7 4 [RATVE* 216 7 A%,
4016 0 *
v
Var(_Es )
t-1 t tH2T g g 1 } < 1,435 (38)
t_lVar(st) A140%* + X16o%* =
' 2.3 + | u¥y

1.84510°%
v



Since Table III was constructed using 90 day forward rates and the

calculation for Var(st )/t_]Var(st) used one month as the relevant

t-1

period they are of comparable dimensions. Further, the relative volatility

+3

3

of tEst+ and s, from our jillustrative calculation matches quite closely
the estimated relative volatities of.the 90 day forward rates and spot
rates as reported in Table III.

To obtain some idea of the importance of exchange rate overshooting
it is useful to have a meésure of the relative volatities of spot rates

and longer term forward rates, Presently, I nave obtained this measure

only for U,S. = Canada spot and 360 day forward rates. The measure is
= 1 1716/
g1Var(f g0y/ qVar(s)) = 1.17—.

To use this measure to gain an idea of the extent of overshooting
ef the U,5, ~ Canadian rate define

t=1V§r(§t) = .1Var(s))

u=s VaEG | -89

where a bar ever a variable indicates that it is interpreted as being
eonditional on the stieky=price version and the absence of a bar indicates
that the variable is te be interpreted as conditioqal on the flexible-price
- yersien, Thus, if the world is aetually a sticky-price world, | measures

th@_fra@tien of exchange rate volatility due to exchange~rate overshooting.

Cenditienal on a sticky priee world we have

=1,17 ‘ ' (40)
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and by manipulating (40) and using (39),

AL ACHIEPY ]
Var(§£)

. Var(st)

-u = .17. : (41)
t-1 '

.This may be further manipulated to obtain

-V
t+%2) t-1 ar(st)} Cu= 17 (42
Var(st) -

-1V Erygg) - VAT ) VR
(L -uX Var(s. ) t
t-1 t

t-1

Since we are assuming £ = tE previous calculations (equation (38))

t+12 St+12

Var (f Var(st)

e+12) 7 t-1
Var(st)

t-1

"yield < .435. Further, it seems reasonable

t-1
to assume that the vast bulk of all slow goods market adjustment is expected

to be completed by a one year horizon implying ft+12 ~ ft+12 and

~ o 17/ , o ,
Var(ft+12) -1 ) 0. Using these additional assumptions

Var(f

t-1 t+12

we find p < .185, which says as much as 18.5% of U.S. - Canadian exchange-
rate volatility may be due td exchange-rate overshooting. |

It must be emphasized that the calculations in this section are
intended only as a rough comparison of the models and the data. A ﬁore
elaborate study would estimate the relevant behavioral.parameters and
-parameters of the éxogenous p;ocesses. Howevér, this preliminary examination
indicates that both versions of the model are roughly consistent with
the data and that exchange-rate overshooting may be phenomenon of non-trivial

magnitude .
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Y. DMonetary Policy and Exchange-Rate Volatility
The modeling of previous sections presumed money to be exogenously
generated by the simple autoregressive scheme of equation (10). This pre-
sumption is naive. Iﬁ fact, monetary policy is dominated 1arge1y by policy~
makers' desires to control variables other than the money supply. Such
policy is said to be activist'policy, which is formalized presently by a
linear money supply rule linking money supply movements to movements in anothar
variable in the model. In this section activist monetary policy will
replace the simple autoregression of previous sections,
The point to be made in this section is that if mone tary policy is

activist, in a realistic way, and if observers try to interpret exchange-rate

volatility conditional on non-activist policy (e.g. the autoregression of

past sections) then there is a natural tendency for observers to underpredict
the extent of exchange-rate volatility. Such an underprediction, of course,
gives the.appearance of exchange-rate volatility in excess of volatility
in market fundamentals,

Because the point to be made here is a point about monetary policy
and not about the market for home goods a special case of the flexible-price
-version of the model will be-adopted. To generate this special case let

Bl - » in equation (6). The goods and money markets thus collapse to
m, o~ s, =ay - al'(i§ + Esq = s (43)

We continue to assume i? = ii 1 + v% but now impose

e T M1 =.m o (e qpt) Ver , ,. (44)
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wh =x - ; . . L
ere tmlet X, t_1Ext is the innovation operator and vE and v, are

pqtually and serially uncorrelated disturbances hav{ng zero means and finite

. 2 2
variances, cv* and o, respectively,-

Notice that we can write (%44) as

mt = ; + mt"l + ;t, (45)
Ve T bl(t-lAit) Ve - (46)

-~

and since Ve is orthecgonal to all variables dated t - 1 or earlier, a

researcher investigating the time series behavior of money, conditional on

exogenity, would not discover the true nature of Ve and would interpret V.

as a monetary innovation uncorrelated with the model's other disturbances.,

The example at hand has been cocked-up to provide ease of computations,

‘Note that expected money growth, tE@n - mt) is the constant m. With

t+1

rational expectations, this implies that tE(st+1 - st) is also a constant,

Hence, the innovation operator applied to &3 ) yields

Ve 185 - o | F @)
. which is
e-188,= v, + o Vi ' | ‘ 8)

.

It follows that
g-1¥3E(s,) = Varle, + a;vF) €9)

An investigator believing ¥, to be a monetary disturbance urcorrelated

with vi would predict
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n _ ~ 2 2 ) ' R : .
tr;Var(st) = t“'1Var(vt) + @0,%5 . G0 )
with the model requiring.
- 2 2 2 " (51)
= * .

Thus, the Bgixg prediction of exchange-rate volatility is
n 2 2, 2 2 '
= : . * ;
e-178T(s) = (8] * apdo* + ol . - 62)

»ne

" However, v, is actually correlated with v§ and hence, properly computed 49)

yields

2 2
pepVar(s) = (6; + o))" + o, (3)

The relative difference of (52) and (53) is

n 2
g-178F(sp) = yVar(sy) L et 5 G4 )
' ' 2 2. 2

When poliey makers attempt to stabilize interest rates they make 51.positivé,
implying that (4 ) must be positive., The size of Ga) depends on the size
- of 63* relative ¢to gi end on the relationship of §; to ;- In the most
extreme case, 55/53* = 0 and 51 =0 implying that the naive prediction
misses 507 of the variability of exchange rates.

The above example is simple but its point, which is that price

variabilityldépends on elasticities of excess demand and the variability

of underlying exogenous disturbances, is robust to a range of alternative
specifications, First consider the response of_the sticky price version

to a foreign interest rate disturbance, If (44) now governs the money
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suﬁply then the interest rate disturbance bringswabouc a mpnetary innovation
which alters excess demand for money in the same direction as the interest
rate disturbance alters the excess demand. Thi; excess demand is balanced
and partially offset by overshooting which induces a change in the forward
premium, The extent of overshooting however is exacerbated by the covariation
of monetary and foreign interest rate innovations.

Secona,vsuppose that money growth responds ﬁegatively to oufput
innovations. If so, then an output innovation will raise money demarnd and

reduce money supply requiring a larger exchange rate innovation to clear

the money mérket than would be needed if monetary growth were exogenous

to output disturbances, Third, in the above it has been assumed that money"
growth responds only to innovations in endogenous variables. Since the
levels of those endogenous variables must contain their innovations the
argument would not be much altered if (44) were to depend on the level of

i, relative to a target.

VI. Some Policy Implications
The present analysis illustrates two well known policy implications
of the asset market approach to the foreign exchange market (see e.g.
Frenkel and Mussa (1980)). First, nonstatioﬂary growth of money (relati&e
to income) produceé magnific;tion of the exchange-rate effects of monetary
disturbances and thus produces high volatiiity of exchange rates relati&e
to the volatility of monetary disturbénces. Thus,; policy makers'desiring

to reduce exchange-rate volatility might well look toward stabilizing

the money supply process.
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Second, exchange rates are only a portion of the set of macro-

variables which concern policy makers, who operate using a limited set

of tools. Concentration of policy on stabilizing wvariables other than

exchange rates can render exchange rates more volatile than they otherwise

would have been. Thus, policy making with many "targets" but limited

"tools" requires coherent policy not a piece meal of

"exchange rate

policy" and (for example) "interest rate policy."

(1)

(i1)

VII. Concluding Remarks

Four main points emerge in this paper:

The failure of purchasing power parity is a phenomenén having features
reconcilable with either sticky-price or flexible-price.models. The
feature examined in detail presently, wolatility of exchange rates

in excess of volatility in national price levels, required identiecal

conditioning of the sticky=-price and flexiblewprice versions,

The fact that spot exchange rates and contemporaneous i@rward‘ratgs
for maturities of up to One year track each other so well is s
striking regularity, which is not necessarily predicted by popular
models of the foreign exchange market, It was seen that while

spot and forward rate; may move gleéely toegether their velatility

is quite differenﬁ with forward rates beiﬂé more volatile than

spot rates. Once we allow a nonstationary money supply, the flexible
price version predicts more volatility in Eéf@afd rétes than in spot
rates. Further, the sticky price version is aigo'congistent with

this regularity for forward matyrities longer than one month,
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(iii) At the outset of the Asset Market Approach to exchange rates Mussa

(iv)

(1976) pointed out the sufficiency of treating the money supply as

"an arbitrarily prescribed stochastic process, a stochastic black

10 s
box"——/ when modeling agents' beliefs about the rate of change cof the
exchange rate., While this point is correct for the first

.moment of the exchange-rate distribution, it is not correct for

understanding higher moments of exchange-rate distributions, eg.

volatility. The precise stochastic structure of the money supply

process can be every bit as important as the structure of money
demand for understanding the volatility of exchange rates,

The explanations of exchange~rate volatility studied here naturally

compete for professional priority but they are in no way mutually

exclusive, Hence, it would be unsurprising to find all present,
in some measure, in a satisfactory explanation of exchange=-rate

volatility.
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APPENDIX A
Comparing the Kouri and the Frenkel-Muséa Models
The model in section V-'may be written as

me " Se T gt o UEF (Eeyy mos) T 41

where z, is some variable affecting money demand. Manipulate (Al) to yield

(o4 .
. 1 i
- % o -
to " iy T (B mes ) HTTF “1) . (A2)

-Suppose that v, is a eurrent monetary disturbance then the magnification

effect requires

ds
t =1 § 1 i
= E{= g W) >1 (A3)
T, T T¥a; j-ot &, T+a

In the examples ceonsidered by Mussa tEdz_t+j
these examples invelved magnifiecation due entitely to money growth.

f/dv, =0, j=0,1, 2 ..., and thus
t .

The Kouri vergsionm of this model would define
2, =A@, = 8) + (1 =2k, 0<r <], (a4)

with z_ having the interpretation of the logarithm of real marketable wealth
and lgt being real net foreign assets, Although (A3) is invariant to the

definition of Zt it is useful to use (A4) to write (Al) as
m, -5, = (Lt =) [qo - q1<i§ + Esy St)] + k., _-(AS)

which may be manipulated to yield
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-1

= - -yt - e i 853
- (A6)

-1
From (A6) it is apparent that the magnification effect requires

R E{d(ktﬂ "“‘tﬂ)}( S (A7)
dvt 1+ bj:Ot dvt 1+ 77 '

(A7) does not . differ from (AB); it is (A3) written using the definition (Aé).
The interesting examples which have used the Kouri version have not imposed
dkt+j/dvt =0,j=1, 2, +s,, indeed the centérpiecg of these studies is

the current account which governs the evolution of kt' Thus, the difference
between examples using the Frenkel-Mussa and Kouri versions centers on
emphasis with the Frenkel-Mussa version coneentrating on the time path of

o and the Kouri version concentrating on the time path of k T Myt

t+j tt+j

' The literature eontains ether examples of the z variable where

thzt+j/_<_1vt #03=0,1,2,,., eg, Flood (1979a) who makes 6utput endogenous.
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APPENDIX B

The data used in this paper are derived from the Division of
International Finance Data Base, maintained by the Board of Governors of
the Federal Reserve System. The Data Base provides daily spof exchange
rate time series expressed in U.S. cents per national currency unit. From
these data, monthly spot rate time series, s(i,j), were constructed where
i,J are counters over the country set (U.S., Canada, Germany, Japan,
Switzerland, U.K.) and i represents the denominating currency. For i=U.S.,
this series consists of the log of the daily spot rate prevailing on the
nth trading day of every month of x total trading days where

n=x/2 for months with an eavern nurber of trading days

n=(x/2)+.5 for months with an odd number of trading days.

For i#U.S.,s(i,j)=s(U.S.,3)-s(U.S.,i).

The Data Base also provides daily 90 day forWard_exchange rate time
series_expressed in premium values. These series were first converted to

~level rates and then used to construct monthly series, f(i,j), as above..

The consumer price indices used in this paper, p(j), are monthly time
series taken directly from the Data Base:

United States CPI

Canada CPI, all items

Germany CPI, cost of living index

Japan--National CPI .

Switzerland Consumer Price Index--total

United Kingdom Retail Price Index. v
In all cases, the data are seasonally unadjusted.

. For country sets where i or j=Gérmany,,s(i,j), f(i,j), and p(j) extend
- from January, 1975 to November, 1979-1p;]usive. For.a11 ofher_sets, the time

series extend from October, 1974 to Novémber, 1979 inclusive.
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FOOTNOTES

1/ Definitions of many terms used in the introduction (eg. volatility)
are contained in later sections.

2/ Equation (1) may be written as
m_ - =g - 5.1 + 0 +

£t~ Pe T % i+ oy, (e

5 " D@1 - 6)(pt - q.).

The assumption a, = 1 allows us to ignore (pt - qt) in money demand. The
influence of (pt - qt) is proportional to (az - 1) times the share of

foreign goods in domestic consumption, which is the product of two small

(< .5) fractions. An equivalent simplification, followed by Dornbusch (1976),
is to deflate nominal money and nominal income by P rather than M

3/ This empirical work is exemplified by Bilson (1980), Frenkel (1977),
Garber (1978), Hakkio (1980), Hansen and Hodrick (1979), and Meese and
Singleton (1980b).

4/  Wyplosz (1980) has modeled a time-varying risk premiums in a maximizing

model of an open economy.
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é/ Instead of assuming domestic output to bg constant it may be assumed
that output depends positively on relative price (éce Flood and Marion (1980)
Appendix 5) in which case Bl, in (6), would be interpreted as an excess
demand elasticity.

6/ Mussa's (1976b) pricing rule may be written as

~ al

Pe = Ppog = 8Py —Pep) * g B(R - pt—l)’_

where pt+j is the price which would clear the goods market at t + j.

~ al - ~

With 6 = 1 and Ep

t-1 which is the

e-1 = P Mussa's rule is P, = t-lEpt’
rule used in the present sticky-price version. Our pricing rule would

also result if output adjustment costs were zero in McCallum's (1980) model.

1/ Flood (1979a) and Flood and Marion (1980a) have been critical of the
methodology of ignoring correlations among foreign variables. Pfesently
though, accounting for such correlations adds much complication without Y
much illumination and thus they are ignoréd.

8/ Normally sticky-price models include at least one past price among

the set of state variables. The assumption of purely anticipatory

pricing is attractive analytically because past price is irrelevant te

the current pricing decision.

9/ A conditional variance is used as the present measure of volatility

to accommodate a later discussion of a nénstationary money sqpply's

'eéfect on the exchange rate. Nonstationary money causes a nonstationary

exchange rate and the unconditional variance does not exist for a nonstatienary

series. Previous discussions involving exchange rate volatility (e.g.,



Biison (1978), Mussa (1976 ), Dornbusch (1976)) have assumed nonstationary
money supply processes and thus if exchange rate variances were calculated
they would have had to be conditional variances.

10/ Since the C.P.I. is an average of prices saﬁpled during the month
and the exchange rate is'sampled at a point in time there is a natural
tendency for the exchange rate to be more volatile than a C.P.If ratio.
As a crude correction for_this problem I recomputea the U.S. - Canada
entry in Table II using a monthly average spot rate instead of a ﬁoint in
time spot rate. The result was a volatility ratio of 8.5 rathef than the
16.6 reported in Table II. Since the relative volatiiity of 8 continued
to match the regularity reported, this approach was discarded as being
redundant.

11/ Similar results are reported by Stockman (1980).

12/ The analysis of this section is based on the empirical regularities
summarized in Table III. It thus has a different basis than the variance
bounds work of Meese and Singleton (1980b) who derive upper bounds on
exchange rate variance using the error orthoganality property of optimal
forecasts. In the discussion that follows,one month will be taken as

the relevant period. Thus ft+3 refers to a forwara exchange rate quoted
at time t for execution 3 months hence.

lé/ Goldfeld found that the long run elasticity for the interest rate

on time deposits was ~.16 and that for. the interest rate on commercial
paper was ~.067. Thus the combined interest el&sticity is -.227 ® -.23

(Goldfeld, p. 602 Regression A).
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iﬁ/ The present model assumes that money demand is semi-log linear, i.e.,
“the log of real money demand, mo = Pes is lineariy related to the level

of the interest rate, it. Since it has a time dimension (e.g. 10 percent
per year) the semi-elasticity must also have a time dimension (e.g. years)
so that their product‘(ulit) is units free. |

}2] Flood and Garber (1980 ) refer to this requirement. as process
consistency.

16/ The number 1.17 is the rétio of the sum of squared residuals in
regression F12 to the sum of squared residuals in regression S, where F

12

is an olsq regression of the 12 month (360 day) U.S.-Canada forward rate at
time t on a linear trend and the information set A(t - 1). S is an olsq
regression of the U.S. Canada spot rate at time t on a linear trend and

the information set A(t - 1). A(t - 1) is a vector of variables which

consists of

At -1) ={s@t ~-1); i=1, 2, 3, 4; ft+(t—i), i=1, 2, 3, 4;

1

i), i=1,2,3, 43 £, .G -1), i =1, 2, 3, 4

A t+12
ptt - 1), i =1, 2, 3, 4; p*(t - 1), i =1, 2, 3, 4},

where
st - 1) = 1In U.S./Canada spot rate at t - 1

%+1(t - i) = In U.S./Canada 30 day forward rate at t - i

%+3&:~ i) 1n U.S./Canada 90 day forward rate at t -1
f+120t - 1) = 1n U.S./Canada 360 day forward rate at t - i

p(t - i) = 1n Canadian C.P.I at t - 1

p*(t - 1) = In U.S. C.P.I. at t - 1.

Data sources are reported in the Appendix.
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7/ With purely anticipatory pricing and a time period of one month

ft+12 = ft+12' However, in general, adjustment might be expected to be

somewhat slower than the one period adjustment assumed for purely
anticipatory pricing. If adjustment is slower, then ?£+12 would be more

volatile than ft+ and by assuming equal volatility we understate the

12

extent of exchange rate overshooting. Since'§£+j > ft+j as j becomes
large, in most models, it is appropriate to use forward contracts of long

maturity to measure exchange-rate overshooting.

18/ See Mussa 1976a, pp 247.





