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We analyze the sources of changes in nominal and real rates of exchange between six European
currencies and the U.S. dollar. We conclude that over the period 1973-1979 unexpected changes
in the price of oil, together with unanticipated monetary shocks at home or in the U.S. were the
most important causes of changes in exchange rates. A multi-state Kalman filter technique is
used to compute empirical proxies for unanticipated changes in the exogenous variables. Since
both oil price shocks and changes in U.S. monetary trends effect the European currencies 'n
different degrees, it follows that differential domestic rates of inflation are not the only reason
why arrangements to restrict exchange rate fluctuations, such as the European Monetary
System, may run into trouble.

1. Introduction

The recent record of nominal and real exchange rate movements of the
main European currencies against the dollar raises a number of important
questions. A first question is whether the large and often hectic fluctuations
in nominal and real exchange rates during the floating rate period have
identifiable economic causes. The answer to this question has obvious
implications for the feasibility of a return to fixed parities in Europe. If it can
be shown that exchange rates have moved a lot because large and variable
shocks have hit the world economy in the 1970, then the survival of the
European Monetary System hinges not so much on the extent of political
support for it, but on the non-occurrence of such shocks in the 1980's.!

A second question is why during the floating rate period some currencies,
notably the Pound Sterling and the Italian Lira, have been depreciating
against the dollar at a much slower rate than the excess of the British and
Italian inflation rates over the U.S. rate of inflation would have led one to

*We gratefully acknowledge the excellent computational assistance offered by Fred Bir, Jans
Oms en Kees van der Pot. Helpful comments were received from Martin Helwig and Hans

Genberg.
See Korteweg (1979a).
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expect? Analogously, why have the D-Mark and the Swiss Franc appreciated
at a much faster rate than the excess of the U.S. rate of inflation over the
German rate of inflation would lead one to expect? Have there been shocks
to these economies that affect exchange rates different from prices? If so,
which shocks were these and what was the difference in their effects made up
of: differences in speed or total size? A third and still more puzzling question
is why currencies like the French Franc and the Dutch Guilder have
appreciated, on average, against the dollar while at the same time
experiencing inflation rates (sometimes well) in excess of the U.S. rate of
inflation? In such cases, the traditional monetary approach to exchange rates,
based on the postulate of purchasing power parity, would lead to expect
these currencies to depreciate in nominal terms.?

It is this group of questions that this paper seeks to address: what factors
have caused the size and variability of exchange rate movements to increase
over the 1970’s; and what are the determinants of real exchange rate
movements? In trying to answe: these questions we are especially interested
in the consequences of differences in the zpeeds at which different countries
produce money, and in the way in which markets react to news about
monetary trends. Also, we shall try to incorporate the effects on nominal and
real exchange rates of changes in the relative price of oil and the effects of
changes in the degree of uncertainty that reigns with respect to future
inflation rates in the different countries.

In the mext section we present a model of these determinants and
mechanisms supposedly governing fluctuations in real and nominal exchange
rates. Following that we present and discuss the outcomes of some
econometric tests of the model. In a final section, we discuss the policy
implications of our findings.

2. The exchange rate model

2.1. Like much of the recent work on floating exchange rates our model
takes an asset market approach to exchange rate determination.® Since the
exchange rate is the relative price of two national monies, and since national
monies are durable assets, we should observe that the relative price beiween
ary two moaies today is closely linked to the relative price that the market
expects to prevail over the future life of these assets.* The asset market
approach to exchange rates implies that exchange rates, if free to move,
mainly reflect expectations about future events whereas national price levels
reflect more strongly present and past events that are embedded in existing

ZSee for example, Frenkel and Johnson (1978).
3Sec the most illuminating article by Mussa (1979, pp. 38-42).

4See the studies by Frenkel (1978a), Frenke! and Clements (1980), Levich (1978) and Mussa
(1979).
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contracts. These differences between asset prices and commodity prices imply
that in periods dominated by ‘news’ departures from purchasing power parity
— movements of the real rates of exchange — are likely to e the rule rather
than the exception.

2.2. The following simple model of a two-country world embodies the asset
approach to exchange rate determination.’

The model consists of the following 14 equations, where hats () indicate
first differences of logarithms. Foreign variables are indicated by an asterisk.
Superscript e denotes an expectation. For any variable x, X%, is defined as
Inx% ; —Inx, and %° is defined analogously as x“=Inx*—Inx_,, where x%;
and x5, are shorthand for Ex,,, and Ex,, respectively, with E denoting the
expectation operator,

=y =a(p—P)— 2P — Poit) — %€ — ) +uy, (1)
supply of domestic output.

F—3= =B, Arp+ BAZ = Z%)+ B3(§* — 5*) + Buler —er)+u,, 2
demand for domestic output.

M=ny+p—0 An(f/e)—e Ai +us, (3)
supply equals demand for domestic money.

Pr—yre=af(p* —p*7) - o3P — oD +ut.’ (4)
supply of foreign output.

Pr—pre= Pt Art + BYUZ* — 2%+ BHF - JO) - Biler—er)+uf,  (5)
demand for foreign output.

M*=p*5* 4+ p*+O* Aln{f/e)—e* Ai* +ul, (6)
supply equals demand for foreign money.

er=é—(p—p*). the real exchange rate. (N

Ai;=Ai*+AIn(f/e)+u,, interest rate parity. (8)

SFor previous and further Jevelopments aud applications of the approach, see Bilson (1978},
Dornbusch (1976a, b), Frankel (1979a), Frenkel and Johnson (1978), Frenkel and Clements (1980),
Hodrick (1978), Isard {1977) and Mussa (1976).

JMonE--B
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Aig=Ar,+ Ap°. |,  Fisher parity at home. 9)
Ai* = Ar¥ + Ap%S,, Fisher parity abroad. (10)
Ary=Ar,+y40 +us, (an

purchasing power risk differential between domestic long-term and short-
term real interest rate.

Arf = Ar¥ +y*Ao* 4+ u¥, (12)

purchasing power risk differential between foreign long-term and short-term
real interest rate.

Arp— 040 =Arf —0*Ac* + ug, (13)

purchasing power risk differential between domestic and foreign long-term
real interest rate.

Aln(f/e)=4é%, |, (14)
forward rate (f) an efficient forecast of the future spot rate (¢5, ).

Variables endogenous to the modei: p, p*, y, y*, e, f, €5, er, i, i¥, r,, r¥%, rp,
rf. Variables exogenous to the model: M, M*, y*, y*¢, Z, Z*, ¢, o*, P¥,, P%
and, for the moment, p° and p**.

From egs. (3) and (6) it follows that the supply of and the demand for
domestic money (M) and foreign money (M*) are assumed to be in
equilibrium. Demand for domestic real money balances (M/p), for instance, is
determined by domestic real income (y) and by opportunity costs.
Opportunity costs of holding domestic money by domsstic residents are
measured by the rate of interest on short-term domestic non-monetary
financial assets (i) and the rate at which domestic currency is expected to
depreciate against foreign currency [In(f/e)]. For 2xpositional simplicity it is
assumed that short-term domestic non-monetary financial assets are a
substitute for money balances held by domestic residents only, whereas
short-term foreign non-monetary financial assets are assumed to be a
substituie for money balances held by foreigners only.

Eq. (1) is a Lucas—Sargent type aggregate supply equation which states
that domestic output (y) is supplied at its planned rate ()°) if domestic
product prices (p) and foreign factor prices in domestic currency units, as
represented by the oil price (p%) multiplied by the exchange rate (e¢) are
correctly foreseen (p°; e°p¥s). ¥ orecast errors with respect to these prices lead
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to deviations of actual output from its normal level. Analogously, aggregate
supply of foreign output is described by eq. (4). No attempt is made here to
uncover the factors that determine those levels of output (3¢, y*¢) that would
occur if product and factor prices would be perfectly foreseen. Production
theory suggests that an economy’s normal level of output depends on human
and non-human capital formaticn, population growth, technical progress in
human and non-human capital via research and development, education and
training, developments in the structure and institutions of product and factor
markets, etc. Capital formation, research, training and schooling all are
investment decisions that are dominantly determined by expectations about
the future course of individual product and factor prices, and about the
future developments of property rights, institutions, regulations und
structures of the product and factor markets.® Since we cannot hope to
obtain data on all these factors for the seven countries involved in this study.
we proceed by treating y° and y*° as exogenous variables. changes in the
growth rates of which are assumed to be unpredictable.

Eq. (2) is an aggregate demand equation for domestic output. Aggregate
demand for output is assumed to depend, among other things, on expected
real income (y°) and on unanticipated changes in the long-term domestic real
interest rate (r.), the real exchange rate (er), foreign claims on domestic
output based on foreign real income (y*) and government claims on
domestic output as determined by government consumption, investment and
tax rates (all subsumed in Z). Analogously, aggregate demand for foreign
output is described by eq. (5). Finally, the markets for foreign and domestic
output are assumed to be in continuous equilibrium.

The efficient asset market characteristics of the model are embodiced in egs.
(8)14). Egs. (9) and (10) express the Fisher relationships between short-term
nominal (i;) and real (r,) interest rates at home and abroad. Egs. (11) and (12)
take account of differences in purchasing power risks between short-term and
long-term bonds that exist in a world of uncertainty. Specifically, risk averse
investors must be compensated for the future purchasing power risks (0.0%)
they incur by holding long-term rather than short-term bonds, by a premium
that depends on their risk-aversion (y,y*). According to eq. (8), the activities
of pure (covered) interest arbitragers with unlimited access to short-term
investment funds eliminate any systematic profit opportunities from
international asset arbitrage. According to eq. (13), real interest rate parity
exists only on a risk-corrected basis. Risk-averse asset holders get
compensated for the real exchange rate risk implied by international
differences in purchasing power risks that exist between national monies. by
a premium or discount on the long-term and short-term real interest rates:

ro=rf+do0—90%* and r,=r¥+(0—7y)o—(3*—7%)0*.

*See Korteweg (1979b) for an empirical apphuation of this approach to the Dutch economy.
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Finally, eq. (14) closes the model by assuming that the forward exchange rate
(f) is a rational forecast of the future spot rate (e, ,), the assumption being
that the forward exchange market is dominaisd by the profit-maximizing
activities of pure speculators who are risk-neutral and have unlimited access
to forward funds.

It follows from egs. (8)-(13) that

In(f/er=(0—7y)o—(6* —y*)o+(p%  — p%% )+ random errors. (19
This, together with eq. (14) implies that
&% =(0—)a—(0* —y*)o* +(p% , — %) + random errors. (16)

Eq. (16) states that the expected rate of depreciation or appreciation of one
currency against the other is determined by those factors that determine
expected inflation differentials and purchasing power risk differentials
between countries. From. eq. (16) it also follows that our model does not
imply expected PPF. The rate at which the domestic currency is expected to
depreciate against the foreign currency in real terms is

er’, ; =é% —(p%, — %) =(0— 7)o —(6* —y*)o* + random errors. (17
Alternatively, we could have closed the model by assuming expected PPP:

€% =p%1—P%. (18)
Together with eq. (13), c;q. (18) would imply

In(f/e)=¢é%  +(6 —y)o —(6* —y*)o™ + random errors. .(l 9)

In this alternative set-up, the forward rate (forward premium) is a biased
predictor of the (rate of change of the) future spot rate, not because exchange
markets are inefficient but because non-zero purchasing power risks and risk
averting speculators are involved.” We have rejected this alternative
assumption (18), because of the striking failure to date of empirical tests to
reject the null-hypothesis that there is no risk premium in the forward
exchange rate.?

23. We assume that expectations of both the endogenous and the
exogenous variables are formed rationally. In the case of an exogenous

‘Compare, for instaace, Fama and Farber (1979).
®Such tests are reported by Franke} (1979b).
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variable, we assume that the relevant information set on which the
expectations are based consists of the variable’s own past; expectations about
the endogenous variables are based on the solution of the complete model.

Our modcl acknowledges the importance of expectations for economic
behavior, but restricts attention to expectations about the next period, which
are held to be representative for the whole future. The money demand
functions underlying eqgs. (3) and (6), for example, include only the current
short-term nominal interest rate (i) as an explanatory variable. This short-
term nominal interest rate consists of the rate of inflation currently expected
to exist over the life of the snort-term bond (5¢ ,), plus the real interest rate
currently expected over the life of the short-term bond(r): r,+p%,.”
Inclusion in the money demand function of only the current rate of interest is
warranted only if it is assumed that future changes in the expected real
interest rate and the expected rate of :.flation cannot be predicted:

E(Ar, )=E(Ap,;.,)=0 for j=1,2,....

If one fails to make such simplifying assumptions, then expectations about
the more distant future have to be included in the behavioral equations of
the model: it may become necessary to incorporate a complete term structure
of expectations about future real interest rates and future rates of inflation in
the demand for money function, in order to avoid myopic and therefore
irrational behavior.!® We shali manage to avoid such term structures of
expectations in our theoretical model by modelling the stochastics of the
exogenous variables M, M*, y° and §* in an appropriately simple manner.
and by assuming that the model has a solution for which it holds that no
future changes in any of the four real rates of interest can be foreseen. Thus,
we begin the solution procedure with the precise specification of the time
series processes for money and expected output and subsequently derive
reduced form expressions for a number of endogenous variables, including
4r,. 1t will be seen then that Ar, (and also 4r#, /r, and 4r}) is a function of
current-period surprises only so that our assumption that future changes in
the real rates of interest cannot be foreseen will be validated.

In view of the above, we assume that the following univariate models
underly the development of the domestic and foreign stocks of money:

AM =(1 -y BYM — M*\, (20)
AM*=(1 —y*BYM* - M*"), 21

SWe assume the life of short-term bonds to be equal to our model's unit period of analysis.
10g¢e Sargent and Wallace (1973) for a discussion of the stebility problems that arise in that
case. See Bomhoff (1980) for further discussion on the term structure of expectations.
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where (M — M), (M*—M*%) are white noise series, B represents the lag
operator Bx,=Xx,_,, and |, y* are time-dependent time-series parameters.
If expectations are formed rationalily, it follows from eqs. (20) and (21) that

AMS  =(1-yXM—M*), and (22)
AM* =(1—§*)M*— M*). (23)

It follows that AM ¢, can be computed after the current shock (M - M°®) has
become known, but not before. Similarly, the computation of AM¢, , becomes
feasible only after the shock (M,,—M?¢,) has occurred; until then the
expectation M®,, has to serve as the best possible prediction for periods ¢ +2
and beyond. In addition, we assume that the changes in the expected growth
rate of domestic and foreign output (45 ,,49%%), and the changes in
domestic and foreign purchasing power risks (d4o,40%), are fully
unpredictable.

When these results about the expectations of future growth in money ai:d
income are combined with the assumption that the inodel has a solution for
which all future changes in real interest rates are unpredictable, then it
follows from eqs. {8)(10) and (14) that E_,(é%,)=E_,(é°). Taking rational
expectations of egs. (3) and (6) then implies

pe=M*=—nj", (24)
pre=M*—ntj*e. (25)

From substituting eqs. (24) and (25) into eq. (16) and shifting the resuit
backward one period it follows that

6°=(6—7)o-1(* ~ Yo% s +(M1°~ N1*)
—ny*+n*y* +lagged random errors. (26)
From eq. (17) it also follows that the determinants of the rate at which the
domestic currency is expected to depreciate against the foreign currency in
real terms (er®) is
e;ei_ée__(p‘e_ﬁge)
=(0—7)5 -, —(6* —y*)o* , +lagged random errors. (27

Next, we have to find out what causes the actual rates of change of the
domestic pricz level, the foreign price level, the spot exchange rate and the
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real exchange rate to deviate from their expected rates of change. For that
we derive four reduced-form equations for p—p¢, p*—p*c, é—é¢ and 4r,,
having reduced the modcl to four equations in these unknowns. The first of
these equations is obtaiied by subtracting eq. (24) from eq. (3) and
substituting for (y— y*), 4i, and 4é%, with the help of egs. (1), (9), (20)(23),
and (24)-(29). The second equation is obtained similarly by subtracting eq.
(25) from eq. (6). The remaining two equations are derived from egs. (2) and
(5) by substituting for (j— y°), (§*—y**), 4r, and Ar} with the help of egs.
(1), (4) and (11)«(13). The complete system of four equations is presented and
subsequently solved in a mathematical appendix to this paper which can be
obtained on request from thke authors. The corresponding reduced-form
equations are

P=p+Py(M— M)+ PM*— M%)+ PyZ— 2+ PyZ*— 2*)
+ PAVS |+ PA5%, + Py 40 + Py Ac* + Py(p%,— p%5)
+random errors, (28)
pr=p*+PHM ~ M)+ PYM*~M*)+ PYZ—Z°)+ PYZ* - Z*)
+ P45+ PEAYY + PY do+ Pt Ac* + P3(P3a— P3s)
+random errors, (29)
=6+ E,(M—M)+E,(M*—M*)+E;(Z-Z)+ EJZ*~Z*)
+EsAJi 1+ Eg 473+ Eq do+ Eg Ao + Eo(p3a— B3Y)
+random errors, (30)
Ar,=R,(M—M%) +R(M*—=M*)+Ry(Z~2°)+ Ry(Z*-Z*)
+Rs 49 |+ R A)% +R; Ao+ Rg Aa* + Ro(p¥,— P Xi
+ random errors. (30

The signs of the reduced-form coefficients are given in table !. They are
based on the obvious condition that §=y>0 and 6*2y*>0. and on the
simplifying assumptions that o, <w,, a;n<1, B3<1, e=¢* n=n* o, =af,
By =P%, By=P%, By=P%, @=0O*1" In some cases these assumptions need to

"'The condition that §2y>0<y*<6* is obvious in that it is the only condition resulting in a
domestic short-term real interest rate above (below) the foreign short-term real nterest ratc in
case domestic purchasing power risk is larger (smaller) than foreign purchasing power risk.
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be augmented by additional restrictions which are given in the notes to table
1. Basically, this set of assumptions reflects the case of an equal-country
world. A different set of assumptions can serve to approximate the ‘small-
country’ case, in which the home country is much smaller than the country
represented by the starred (*) variables:

a2<a1$ a2"<]’ 53<1’ 8=8*7 "=”*, ﬁg,ﬁ:’:o‘

Those cases in which the reduced-form signs differ between the two sets of
assumptions mentioned are indicated in the notes to table 1.

Table 1
Signs of coeflicients of egs. (28)«(31).

Endogenous

Exogenous p—p*° p*—p** é—é* dr,
M-M- P,>0 Pt<0 E,>0 R, 20
a*— M* P,<0 P:>0 E,<0 R, 20
AV A P20 Py>0¢ E,<0 R 20"
VA A P,>0 P*>0 E,>0" R,>0
ay%, | P5s<0 Pt>0 Es<0 Ry20°
43% Pe>0 PE<0 Eg>0 R¢>0
Ao P,>0° P*<0r E,>0 R,20°
Ac* Pg<0 PE20f Eg<0 Ry<0
Ba—Pai Py20° P20 Eq20 Re20°

“Py>0if a,=0; P, <0 if f%, 5 =0 (small country case).
vp.>0if e=0 or if y=0.

°Py>0 if a;=a¥; P; 20 in small country case.

4P%=0 in small country case.

*P* <0 if 6>y but zero if =7 in small country case.
P2 <0if 5=y, P$>0if v=0; P§ 20 in small country case.
*P$>0if a,=a3; P$>0 in snall country case.

"E,20 in small country case.

‘Eg<0if y=0, or if «, =a? in small country case.
JEy=0if a;=a%; E; 20 in small country case.

kR, <0if =0, or if 2, =0; R, >0 in small country case.
'Sign of R, is opposite that of R,.

"R, =0 in small country case

®Rs <0 if ;=0 or in small country case.

°R;>0ify=0; R,<0if y=4.

PRy >0 in small country case.

Combination of egs. (28)30) gives the expression for the determinants of
the unexpected rate of change of the real exchange rate,
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er=er+ X (M~M)+X,(M*-M*)+ X yZ 2%+ X (Z*—7*)
+X54V% 1+ XAy + X740+ Xg d6* ~ Xo(pX,— P X))
+random errors. (32)

The signs of the reduced-form coefficients in this equation are identical to
those of eq. (30) for the unexpected rate of change of the nominal exchange
rate, except in the small-country case where they become generally
undetermined.

24. The above model differs from most existing asset approaches to the
determination of exchange rates in one important respect: it does not assume
purchasing power parity to exist at all times, neither in its absolute version
(e=p/p*) nor in its relative version (é=p— p*).!? Replacement of eq. (7) by a
purchasing power parity condition (PPP) would effectively preclude any
explanation of real exchange rate movements as an increasingly important
fact of life. Overall, the recent empirical literature points to a marked
inferiority of the PPP relationship during the years of floating exchange
rates.

Real exchange rate changes can only occur if PPP does not hold for all
output or at all times. Those following Dornbusch (1976a, b) try to explain
real exchange rate movements either by distinguishing tradables, for which
PPP holds. and non-tradables for which it does not hold. or by introducing
different time lags with which new information affects prices and exchange
rates, with exchange rates affected faster than prices.!® In our model real
exchange rate changes can occur even in the absence of different lags in the
adjustment of prices and output to new information, and even in case all
goods are tradable. To see this, we derive two expressions for the short-run
interest differential. Eqs. (9)«13) implv that the difference between the
domestic and foreign short-term nominal interest rate reflects a premium
(discuunt) in compensation of expected inflation differentials and purchasing
power risk differentials:

iy— i3 =(p% = P+ (06— 7)o —(5* —7*)o* (33)
At the same time, eqgs. (8) and (15) imply
is"' i: =ée+ 1:

12Tor comprehensive surveys of the theoretical and empirical literature and the interpretations
surtsunding PPP, see Officer (1976) and Katseli-Papaefstratiou (1979). Recent embvirical work
can be found in Kravis and Lipsey (1971), Kravis et al. (1978), Isard (1977), Richardson (1978),
Giuva g (1978), Vaubel (1976), and Frenkel (1978b).

13Frankel (1979 a, b) and Dornbusch (1979, part II).
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It follows that only if 6=y and 6* =y* will (relative) purchasing power parity
be expecizd to prevail. As long as 0%y and 6*#79* and purchasing power
risk differentials are present, however, will the rate of change of the spot
exchange rate deviate from relative PPP. This means that agents foresee
ever-increasing divergences of the spot exchange rate from its absolute PPP-
value, or — to put it more realistically —- that they are unable to predict the
timing and magnitade of future reversals from any current tendencies away
from PPP.

Moreover, as follows from eq. (32), in addition to deviations from PPP
owing to expected purchasing power risk differentials, our model is capable
of generating deviations from PPP that are due to randomly arriving new
information about the exogenous variables driving the system, and which
affect the price level ratio betwcen countries differently from the spot
exchange rate between currencies even in the case of perfectly flexible prices
and exchange rates. In particular, our model makes room for real exchange
rate effects of unanticipated changes in (the growth rates) of domestic and
foreign money, output, government expenditure and/or taxes, oil prices and
purchasing power risks. At the same time, after full adjustment to such
shocks has taken place, and in the absence of further news, our model is
compatible with relative PPP. Deviations of absolute PPP will persist,
however, as long as the initial shock is not completely reversed.!4

To iliustrate the real exchange rate effects of unanticipated shocks we turn
off anticipaied real exchange rate movements by assuming purchasing power
risks and risk aversion to be the same at home and abroad (o =0%*, §=4*,
7=7*). In addition, we assume that up to time ¢ domestic and foreign price
levels were stable. Now let at time ¢t new information arrive that causes
agents to expect the rate of growth of the domestic money stock to increase
from zero to some positive value, while the foreign money stock is expected
to remain constant. Let at time ¢+j fu.ther news lead agents to foresee the
growth rate of the domestic money stock to return to zero again. The new
information that induces agents to change their expectations of the future
monetary growth rate will also bring a proportional change in their
expectations of the future rate of domestic inflation. Given interest parity and
the Fisher conditions, this will immediately cause them to change their
expectations about the rate at which the value of the domestic currency will
depreciate against the foreign currency. As a result, eventually the relative
price (p/p*) and the exchange rate (¢) will rise first in proportion to the speed
at which the ratio of the domestic to the foreign money stock (M/M*) is
expected to rise, and stabilize later when the proportion M/M* is expected to

“Inspecticn of the model solution shows that ali shocks (with a possible exception for the oil
price only) have well-determined once-and-for-all effects on the real exchange rate. Whether the
shocks lead to ever-increasing deviations from PPP depends on whether ihey affect dr, and 4r*

differently. Eq. (33) indicates that this will be the case only for unexpected changes in purchasing
power risk.
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stabilize. But this is not all. Owing to the unanticipated domestic monetary
expansion, the expected rate of domestic inflation increases whereas the
expected rate of foreign inflation remains unaffected. Consequently, the
domestic short-term nom:nal interest rate rises relative to the foreign short-
term nominal interest rate. By implication, the forward premium (é% ;) goes
up. The risc in the domestic short-term interest rate and the forward
premium decreases the demand for domestic money, whereas the rise of the
forward premium increases the demand for foreign money. Since only the
supply of domestic money has risen whereas the supply of foreign money has
remained unchanged, domestic prices and output must increase, and foreign
prices and output must fall, in order to restore money market equilibrium at
home and abroad. As & result, output market equ:librium is disturbea, with
domestic output in excess supply and foreign output in excess demand. In
the ‘equal-country world’ whatever happens to long-term real interest rates
affects bcth domestic and foreign output in the same direction so that only
an unanticipated rise in the real exchange rate can restore output market
equilibrium. In the ‘small-country case’, where f3%, 8% =0, the unanticipated
domestic moretary impulse leads to an increase in the foreign long-term real
interest rate which, together with the fall in foreign output supply causes a
rise in the real exchange rate in order to restore equilibrium in the domestic
and foreign output markets.

Output market equilibrium is thus maintained in that the unexpected
domestic monetary expansion leads to an initial rise of tne spot exchange
rate that exceeds the initial rise in the ratio between the domestic and the
foreign price level, thereby causing the spot exchange rate to persistently
deviate from its PPP-value. Reversal of the monetary shock, whereby from
t+j onwards ‘he growth rate of the domestic money returns to zero again,
reverses the previous outcomes and restores the spot exchange rate to its
PPP value. Graphically, this sequence of affairs is illustrated in fig. 1.

The picture shows that, in the absence of further news and on the
assumption of a zero purchasing power risk differential, unexpected domestic
monetary expansion may create a persistent deviation of the spot exchange
rate from PPP. Only reversal of the anticipated rate of domestic money
growth to its original level can put an end to this persistent deviation from
PPP. Between times ¢ and t+j, absolute PPP is absent all of the time,
whereas relative PPP is absent only some of the time.'® Beyond time : +j
absolute and relative PPP is restored. Real depreciation of the currency is
seen to coincide with rising anticipations of the determinants of domestic
relative to foreign inflation, whereas real appreciat.on of the currency is seen

151 our theory of why absolute PPP is absent most of the time is correct, this might well
explain the positive autocorrelations typically encountered by regression equations that are
specified in the (logs of the) levels of the exchange rates and its determinants. rather than in their
growth rates.
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Fig. 1. Dynamics of money, prices and the exchange rate.

to coincide with falling expectations of (the determinants of) domestic
rzlative to foreign inflation.

3. Empirical tests of the model

3.1. 1In this section our model of exchange rate determination is subjected to

regression analysis over the period 19731V through 1979I1. We shall proceed
as follows.
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One, we estimate eq. (30) for the spot exchange rates of the Dutch Guilder,
the D-Mark, the Swiss Franc, the French Franc, the Italian Lira and the
Pound Sterling against the dollar. We measure the expected rate of change ¢/
a currency’s spot rate (¢°) by In(1+fp..,), where fp is readily observable and
represents the three-month forward premium,'® and constrain the coefficient
of é° to unity.

Two, we substitute eq. (27) into eq. (32) and estimate the result for the six
real exchange rates. Since the expected rate of change of the real exchange
rate of a currency is not directly observable, we estimate jointly the effects of
its determinants and the effects of unanticipated real and monetary shocks
and try to explain the actual rates of change of these real exchange rates.

Three, we substitute eqs. (24) and (25) into eqgs. (28) and (29) and estimate
the result for the rate of inflation in the Netherlands, Germany, Switzerland,
France, Italy, the U.K. and tne U.S.A. Since the expected rate of inflation is
not directly observable, we estimate jointly the effects of its determinants and
the effects of unexpected real and monetary shocks in regressions for the
actual rates of inflation.

Because of the many countries involved, space limitations make it
imperative that for each of the above steps only the ‘best’ regression
equations be reported. In selecting these, we have tried to maximize R’
under a number of self-imposed corstraints: generally only those coefficients
will be reported that have a t-velue greater than 1.3. This corresponds
roughly to the 0.20 level of significance on a two-tailed test. However, if by
so doing variables that come in with lags would become disconnected in
time, their whole time-connected string of lags will be reported even i some
lagged terms fail to pass acceptable levels of significance. The coefficients are
ordinary least estimates.

Our regression analysis involves reduced-form estimation that has the
draw-back of being unsuitable for discriminating between alternative
theoretical models. But, our prime interest in this paper lies in measuring the
influence of (exogenous) shocks and changes in risk on nominal and real
exchange rates, so that reduced-form estimation is the obviens route to take.

The data employed and variables constructed are described in the data
and statistical appendices. At this point we note that the money supply series
used are both M/ and M2; data on foreign holdings of domestic currency
are not readily available. The output series used normally concern real gross
domestic product. For real government expenditure we use series of real
government consumption, except for Italy and Switzerland for which such
quarterly series are not available. Quarterly series for real government
investraent are unavailable for most countries involved. The same is true for

16Since fp={f—e)/e, where f is the forward rate and e the spot rate, and f=e%, it follows
that In(1+ fp-)=In(f/e)_, =¢".
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quarterly series on tax revenue changes because of changes in tax rates. In
explaining each currency’s exchange rate against the dollar, the foreign
country is always represented by the U.S., and foreign variables in our
exchange rate and inflation equations are always U.3. variablcs.

The expected and unexpected variables figuring in egs. (24), (23), (28)-(32)
are not directly observable, except for the anticipated rate of change of the
spot exchange rate.!” Series for the expected and unexpected rates of growth
of money, output, government consumption and «il prices are obtained by
applying Multi-State Kaiman filtering formulas to the logarithmic growth
rates of these variables in order to derive efficient iinear prediction rules with
time dependent coefficients. The Kalman filtering formulas employed allow
agents to learn to update their optimal forecasting rules from period to
period as new information becomes available, and to distinguish between
temporary and permanent shocks. Other than univariate Box--Jenkins
models, Kalman filters do not imply the presumption that agents have
already learned the probability distributions they face. A valuable by-product
of Kalman fiiter algorithms is that they provide the estimated variance of the
one-step-ahead predictions of the series involved. Such time-dependent
measures of uncertainty about the predicted rates of growth of domestic,
foreign and oil price levels are used in our regression analysis as indices of
foreign and domestic purchasing power risk (varp, varp*, varp¥,). A fuller
description of the Kalman filter algorithm used can be found in the statistical
appendix.

In judging the success of our model from the results of the regression
analysis one needs a standard of what constitutes success. We .aave no
problems in accepting the standard set by Mussa (1979), according to whom
‘...a model that was consistently able to explain 10 percent of the actual
quarter-to-quarter changes in exchange rates...would be a successful model.
A model that was able to explain 25 percent of quarter-to-quarter changes in
exchange rates would be an extraordinary successful model. A model that
was able to explain more than 50 percent of quarter-to-quarter changes in
exchange rates should either be rejected on the grounds that it is too good to
be true or shculd be reported to the Vatican as a miracle...’.

3.2. Our first step aims at apportioning the errors in predicting the rate of
change of the spot rate of exchange (¢ —é°) to their sources by estimating eq.
(30). The results are reported in table 2.

In all regressions of table 2 last period’s anticipated rate of change of the
current spot rate (¢°) is measured by In(1 +fp_,), where fp is the three-month

""The rates of change of all variables used are calculated by taking first differences of their
natural logarithias and multiplying these by 1009,. The resulting logarithmic growth rates are

indicated by a hat ('). Unanticipated rates of change of some variable % are indicated as
x‘utzx‘_x‘f.



Table 2

Spot exchange rate regressions.”

Eq: é=é°+aglﬂ"’—a,1ﬂ""-—a g° +a,g"'"‘ ag Ay, +ag 33% +a phie
+a;dvarp+ag Avarp§,—ag dvarp*+c
Exchange -
rate No. 19731v-197911 VARU R* DW
4 4
DF/$ (1) é=6°40.34BM 2", — 3.58BM [** ~ 2 630A1 I** 595 067 212
(star) (=) (1.64) (3.66) (2.42)
~4.0378"° +-2.781 45*°+0.038p %4 + 0.681 Avarp_,
(247) @.11) (1.66) (3.05)
+0.152 4 var p%,_, ~0.921
(3.13) (1.73) 4+
DM/S (@ é=¢°+1.324M I'°, — 1.832M 2% + 0.331 M 2*¢ S99 072 164
(=) 277 (1.95) (0.33)
~2.283M 2% - 2.203M 2% 4 1.097 45*
(2.40) (3.54) (1.68)
+0.063525° ,+0.062p22° . +0.048p2% ,
(1.69) (2.59) (1.48)
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(4.64) (1.83) +
SF/$ 3) 6=6°+ L1TOM I + 1.263M 1", —~ 3.312M I**s 1424 056 1.79
(=) (192 (1.92) (2.10)
—4.088M I*¥5 — 1.936M 1*%5 — 2.519M 1%
(2.55) (1.14) (1.59)
+2.3524 5%, +0.122p2 +2.164 Avarp , —2.890
(2.39) (3.62) (2.35) (341 s
FF/$ (4) é=26°+0.908M 24, +2.059 Ay*< +0.062p %% 1015 047 095
(—) (.71 (2.44) (2.09
+0.229 Avarp¥, -, +0.214 A varp%,_,- 0.276
(3.29) (3.08) (0 40) .4
IL/$ 5 E=¢°+ 1.501M 2%, + 1.353M 2", 4+ 2.083M 2, 673 070 220
(-) (260 (2.i6) (3.01
~ 1821 M I%% —2.403M 1% — 1.659 45,
1.7 (2.33) (2.13)
+1.636 47 +0.064525¢ , —0.741
{(2.25) (2.98) (1.34)
£/» () é=6°—2.242M 2% - 2.226M 2% — 1.976M 2% 1702 016 192
(=) (178 (1.70) (2.16)

- 1911 49° , +0.079p21° — 0.709
(437 (1.90) ©.81) -

*DF = Dutch Guilder, ¥F = French Fran~ § = Pound Sterhng, S U S. Dollar, DM = D-Mark,
IL =lalian Lira, SF =Swiss Franc, é=rate of change of spot rate of exchange against the dollar,
é*=In(f/e)_ . with f the 3-month forward exchange rate and ¢ the spot exchange rate. MI‘“
vnanticipated rate of growth of rarrow money stock A/ (MI%= M - \l 19, MD% =
unanticipated rate of growth of broad money stock M2 (M2*= —-M2X), ==
unanticipated rate of output growth (§**=y—y°), g“‘-unanuupated ra.e of growth of real
government consumption (§“* =g — g°), p2* =unexpected change in the dollar price of oil, var p,
var p*, var p%, measures of uncertainty in the one-period ahead forecasting errors as estimated by
the MSKF-method, * indicates US. variables, VARU =error sum of squares. corrected for
degrees of freedom, R? = coefficient of determination, adjusted for dzgrees of freedom, + = F-test
indicates significance at 0.05 level, + + = F-test indicates significance at 001 level. D.W. =
Durbin-Watson coefficient.
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forward premium. If the foreign exchange markets are efficient and if
exchauge rates are perfectly free to fluctuate, unhampered by official
intervention, we should expect that current exchange rates reflect all
available information: the residuals from the estimated regressions should be
serially uncorrelated'® and the constant terms in our regressions should not
differ significantly from zero.

A number of observations stand out from table 2.

One, between 16 and 60 percent of the variation of the unexpected rate of
change of the various spot exchange rates can - explained by the current
and lagged effects of randomly arriving new information with respect to
monetary growth, output growth, government expenditure growth and
purchasing power and relative price risks at hom¢ and abroad.

Two, those unforeseen domestic and foreign impulses that are found to
affec: the rates of change of the spot rates virtually all have the right signs at
a confideiscs level of 80 percent and above. The Durbin-Watson statistic
poinis to positive autccorrelation of the residuals only in the case of the
French Franc. This would seem to indicate thai in the case of the French
Franc the forward rate is a biased predictor of the future spot rate, a
possibility to which we return below. By implication, the coefficient estimates
of eq. {4) of table 2, although unbiased, do not have minimum variance and
their statistical significance may be overestimated.

Three, most equations contain both domestic and U.S. menetary impulses.
The unforeseen domestic monetary impulse is absent only from the equation
for the Pound and the 1].S. monetary shocks are included everywhere excent
the equation for the French Franc. Note that we have used either a narrow
(M) or a broader monetary aggregate (M2) in the regressions. In some
instances there are lags of over one year before the domestic or foreign
monetary impulses have their effects on the spot rates. That seems quite a
long interval between cause and effect, even when it is recognized that some °
countries publish their monetary statistics with substantial delay and that in
all countries preliminary data on monetary growth are liable to substantial
revision later on. A possible explanation for the duration of the lags could be
that official intervention succeeded occasionally in postponing a change in
the spot rate for a number of quarters. This seems to have been the case in
1977 and 1978 when the central banks of the major industrialized countries
changed their attitudes towards a policy of massive resistance to exchange
market forces. This change was triggered by the sharp acceleration of U.S.
monetary expansion late in 1976 and during 1977 that brought the dollar
under heavy pressure. Central banks in Europe. and elscwhere, especially

'8Since we measure all our variables as quarterly averages, first-order serial correlation will be
present if unanticipated shocks do not only take place at the beginning of each period but also
in the course of each quarter. In our theoretical model we implicitly assume that all shocks take
place at the start of each quarter.
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those of strong-currency and surplus countries, apparently decided not to let
their currencies appreciate skarply against the dollar but to respond with
massive dollar purchases, which resulted in official reserve increases of more
than $30 billion during the second half of 1977 and the first quarter of
1978.1° This willingness of foreign countries to accumuiate claims on the U.S.
government reached its limits by the second quarter of 1978, when they
changed away from massive dollar interventions to a policy of virtually no
interventions. As a result of this temporary bout of massive intervention
most European central banks managed to postpone the full adjustment of
their currencies to the massive acceleration of U.S. monetary expansion in
1967-1977 by 3 to 4 quarters. The unanticipated increases in U.S. money
growth that set off this episode stand out clearly in our estimated series for
(M*— M*°), so that the estimated lags in table 2 must have been significantly
affected.

Four, according to our estimates, an unanticipated unit increase in the
growth rate of the U.S. monzy stock would change the structure of the
European exchange rates, leading eventually to a depreciation of the French
Franc and an appreciation of the Swiss Franc against ali other Furopean
currencies under review, and causing an appreciation of the Guilder, the
D-Mark and the Pound Steriing against the Lira.

Five, changing expectations about the normal rate of U.S. production
(A9**°) result in expectational errors with regard to the rate of change of all
European spot rates reviewed except the Pound, with leads and lags between
plus one and minus two quarters. Changing expectations about domestic
output growth are found to affect only the Italian Lira and the Pound
Sterling, both with a two-quarter lag.

Six, of all spot exchange rates against the dollar, only that of the Dutch
Guilder is affected by unanticipated growth of domestic real government
expenditure, with a one-quarter lag.?® Uranticipated growth of US. real
government expenditure is not found to affect any of the spot exchange rates.

Seven, unexpected increases in the rate of change of the dollar price of oil
lead to unexpected depreciations of all European currencies investigated
against the dollar, indicating that the European econcmies are more
vulnerable to oil price changes than the U.S.2! The depreciating effects on
European currencies of unanticipated oil price rises come without delay,
except for the Lira and the D-Mark where they have a short lag. The effects
of unanticipated oil price rises are the weakest and least significant for the
currency of Holland which can be characterized as a semi-OPEC country
during the complete sample period. Their effects are strongest and most
significant for the currencies of Germany and Switzerland. By implication, an

19Gee Morgan Guaranty Trust's issue of World Financial Markets of September 1978, p. .
20Recall that data on real government expenditure are not available {or Italy and Switzerland.
218ee the data appendix for the definition and source of our oil price data.
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unanticipated unit increase of the oil price would, ceteris paribus, eventually
not only depreciate all European currencies investigated against the dollar.
eventually it would also depreciate the D-Mark and the Swiss Franc against
all other Eurcpean currencies.

Eight, unanticipated increases in purchasing power risk because of
uncertainty about inflation at home, as measured by changes in the estimated
variance of the one-step-ahead forecast errors of the rates of change of the
domestic price level and the oil price level, are found to cause unanticipated
depreciations of all European currencies agaiust the dollar, except the Lira
and Pound Sterling, with a one-to-two quarter lag. Unexpected changes in
purchasing power risk abroad, as measured by changes in the variance of the
U.S. inflation rate from its predicted course are found, quite surprisingly, to
leave the rates of change of the European spot rates unaffected.

Finally, with regard to the constant terms we find that the hypothesis of a
zero constant term is rejected at the S percent ievel for the unexpected rates
of change of the spot rates of the Swiss Franc against the dollar and at
about the 10 percent level for the Guilder and the D-Mark. We find negative
constant terms, indicating quarterly trend rates of appreciation against the
dollar of almost 3 percent for the Swiss Franc and 1 percent for the Guilder
and the D-Mark. On one interpretation, the presence of significant constant
terms ir equations such as those in table 2 suggests that forward exchange
rates (forward premiums) are biased predictors (of the growth rate) of the
future spot exchai.ge rates not because markets are inefficient but because
there are non-zero risk premiums involved. According to this argument the
negative constants in the spot exchange rate regressions for the Guilder, the
D-Mark and the Swiss Franc would mean that assets denominated in these
currencies are considered riskier than dollar assets, an implication that wouid
seem at odds with intuition.

We reject this view, but acknowledge that the alternative hypothesis of
market inefficiency is unattractive also.

3.3. Our second step aims at isolating the expected and unexpected impulse
variables that determine the rate of change of a currency’s rcal exchange rate
against the dollar (é —p~+ p*). For that purpose we substitui: eq. (27) into eq.
(32) of section 2 above and estimate the resulting equat.on. The regression
equations are summarised in tabie 3.

A number of interesting observations can be made from the real exchange
rate regression equations of table 3.

One, on comparing tables 2 and 3 it is clear that for all currencies most of
the impulse variables that were found to affect the unexpected rate of change
of the spot rates are also found to affect the unanticipated rate of change of
the correspeonding real exchange rates. Often, these unexpected impulse
variables appear to affect the unexpected rates of change of the
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Table 3

Real exchange rate regression.®

Eq: er=ctayvarp_,ta,varp® ta,varp,,  ,+a;M" —a M*=
— 8" A 8¥ N —a. AY5, | +ag AL + agpEic +a, o d var p
+-ay, Avarp, —a,, 4 varp*

Exchange
rate No. 19731V 197911 VARU R* DW
R R + +
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(3.30) (2.35) (2.1
+3.231 43* +0.065p %" +0.581 Avarp |
(5.03) (3.08) {2.63)
. R . ; + +
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(1.69) (2.36) (2.07) 0.02)
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= 1.7126% 4+ 2.967 Av*° + 0.1 1Op}°
(2.17) (3.23) (3.13)
Ser=¢  p+ p*. p=rate of change of gross domestic product implicit price deflator (consumer
price index for Switzerland). Fi. c«planation of other symbols, see footnote a to table 2.
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corresponding spot rates and real exchange rates in the same direction and
with much the same coefficients.

Two, for all currencies except the Swiss Franc and the D-Mark the sct of
unanticipated impulse variables that was found to produce the best fit in
explaining the unexpected rate of change of the spot rates differs somewhat
from the set of unexpected impulse variables that is found to produce the
best fit in explaining the unanticipated rate of change of the corresponding
real exchange rates against the lollar. Unexpected impulses that affect the
spot exchange rate without affecting the real exchange rate must affect the
unexpected inflation differential in the same direction and with the same
coefficients as they affect the unanticipated rate of change of the spot rate.2?
We return to these 1mpllcatlons in paragraph S below.

Three, for all currencies except the Lira the expected rate of chdnge of
their real exchange rate against the dollar is found to be characterized by a
negative constant term, indicating a trend rate of real appreciation against
the dollar. In addition, the real exchange rates of the Guilder and the Lira
are expected to change as a result of the effects of purchasing power
uncertainty at home and/or abroad, with such purchasing power uncertainty
measured by the level of the estimated variance of the one-step-uhead
prediction errors in either the domestic or foreign rate of inflation, or in the
rate of change of the dollar price of oil. When the equations for the Guilder
and the Lira are re-estimated without the level-of-uncertainty terms, the
constant terms become —1.194 (1-value 1.93) for the Guilder and —0.826
(t-value 1.70) for the Lira.

Four, most of what was said in the first three comments about our findings
for the spot rates in table 2 applies with equal force to what we found for the
real exchange rates in table 3. In particular, between 44 and 70 percent of the
variation of the rate of change of the real exchange rates of the various
European currencies against the dollar can be explained. Virtually all of the
explanatory variables that are found to more or less significantly affect the
rate of change of the real exchange rates involved have theoretically correct
signs. The Durbin—Watson coefficients point to positively autocorrelated
residuals in the case of the French Franc only

Finally, from both table 2 and table 3 it follows that a unit increase in the
expected output growth capacity of thz U.S. economy (4y*°) eventually
weakens all European currencies against the dollar, both in nominal terms
(except the Pound) and in real {carms (except the Lira). This finding seems to
go against the view that relatively fast-growing countries are characterized by
weak currencies (and current account deficits), and vice versa.

3.4. Our third step aims at deteririning the (cterminants of the expected
and unexpected rates of domestic and foreign inflation. For that purpose we

“*Recall that ér=¢é —(p— p*) and ér' = 6% — (™ - p*ve),
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substitute eqs. (24) and (25) into egs. (28) and (29) of section 2 above and
estimate the resulting equations for all countries involved. The regression
results are summarized in table 4.

A number of observations can be made from table 4.

One, apart from the constant term, inflationary expectations (p®, p*°) are
d:termined mainly by the anticipated rate of domestic monetary expansion.
The expected growth rates of broad money (M2) provide a somewhat better
fit in explaining inflation in all countries investigated except the US., where
expected growth in narrow money (M) is found to provide the best fit.
Anticipated growth of real output is never found to be a significant
determinant of expected inflation. Most probably, the reason is that the
series used to measure expectations of output growth exhibit very little
variation As a result, the effects of expected ouiput growth on inflationary
expectations have been subsumed in the constant terms of the regressions.

Twwo, for high-inflation countries such as Italy and the United Kingdom,
and for the United States the coefficient estimates of the effects of expected
monetary growth on (expected) inflation are not significantly different from
unity at either the 5 percent or 1 percent level of significance. For low-
inflation countries such as the Netherlands, Germany and Switzerland, this
coefficient is significantly smaller than unity. In the case of France the
coefficient is determined very poorly. The optimal lag was selected in this
case by investigating the inflation equation over a longer period of
estimation. For the period 19701-197911, for example, the coefficient of M.* |,
becomes ).379 with a ¢-value of 4.25.

A unit coefficient is expected in the case of perfectly flexible exchange rates.
Dirty floating and capital controls with respect to the dollar tend to keep the
elasticity of anticipated inflation with respect to foreseen monetary expansion
below umty.

Three, expected monetary expansion appears to affect (expected) inflation
with a 4-6 quarter lag in the Netherlands, Germany and the United States,
with a lag as lorg as 8-9 quarters in France, the Unpited Kingdom and
Switzerland, and with a lag as short as 1-2 quarters in Italy. By imphcation,
even if a unit-elasticity betwcan anticipated monetary growth and inflation
would hold for all countries investigated, a pre-announced policy of reducing
monetary growth in all these countries to the same extent would give rise to
temporary international inflationary divergencies.

Four, the rate of change of the price level is found to be determined not
only by the determinants of expected inflation but also by those factors
determining unexpected inflation. All unexpected impulse variables appear to
affect unanticipated inflation with the proper signs. Together with the
determinants of expected inflation, they explain 67-77 percent of the
variation of inflation in the Netherlands, Germany, Switzerland, Italy, the
U.K. and the U.S., and 42 percent of the variation of inflation in France.
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Table 4
Inflation regression.*

Eq: Pt agh®—ay 5+ M —asM*" +a,8" +asg*" ~ ag 4j% +a, A5%,
+agph\c —a, 4 var p—a, o 4 var p¥,—a,, 4 var p*
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(0.63) (4.17) (1.8 (2.50)
—0.712M 1% —0.578M 1% —0.644N] /%%
(2.89) (2.49) (2.89)
+0.030p%u

oil
(6.2v)
F (16) p=1730+0.176M 2=, —0.256 M 2%'5 +().3968"<, 022 042 130
(2.76) (1.13) (2.24) (i.75)

+0.017p%4 , +0.007p23 s + 0,013 ,
(3.20) (1.72) (2.62)

—0.546 4 var p* ,
(1.42) ++

1 (n p=—2142+1307TM2%,, +0201M 2%, ~092TM2*s 040 0.73 195
(1.76) (5.09) (1.43) (4.62)

+0.016p2 ,—0.106 4 var p_, — 1.270 A var p* ,
Q.73) (291) (2.51) 44

UK (18)  p=1720+0550M 2 4, +0.135M 2, +0.33TM 2%, 076 076 217
(261) (262 (1.60) (3.85)
—0.910M 2% +0.395¢*% +0.884 454",
(2.66) (143) (3.43)
+00195%3% , +0.031p%5¢
(2.55) (3.45) ++

us (19) p*=0.213+ 1.043M I*S, +0.479M I +0.252M 1*%¢ 010 072 190
(0.68) (5.04) (3.55) (1.86)
+0.200M I*%5 +0.009525% , +0.0055 v ,
(1.70) (2.59) {2.01)
+0.014p5% ,
(3.96)

*Sec table 2 footnote a, continued. G =Germany, NL =Netherlands, F = France, I=TItaly, UK
=United Kingdom, US=United States, SW = Switzerland. p=rate of growth of gross domestic

product implicit price deflator (consumer price index for Switzerland). M “=anticipated rate of
grewih of narrow (M) or broad (M2) money stock.
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Finally, and notably, une' osected monectary acceleration i the US. is
found to lead to unforeseen reductions in all European inflation rates.
According to our model unforeseen declines in inflation translate themselves
into unexpected reductions in output growth. This finding thus implies that
an unanticipated expansionary monetary policy in the U.S. lowers output
growth in Europe, an implication which is at odds with the occasionally
popular so-called Locomotive Approach.??

3.5. It is possible in principle to check the internal consistency of the results
reported in tables 2-4. From rhe definition of the rate of change of the real
exchange rate of a currency with respect to the dollar, viz. er=¢é—(p—p*),
it follows that er'c=¢" — (5" —p***). From this it follows in turn that é'
—er'=pU — p***: combining the results in tables 2 and 3 provides us with
one set of estimates of the determinants of the unanticipated inflation
differential and the inflation regressions in table 4 provide us with a second
estimate for the unexpected difference in inflation between each European
country and the U.S.

Our limited sample size precludes a formal statistical test of the
consistency beiween these two different estimates. An informal comparison
shows that the agieement is far from perfect. Unanticipated monetary growth
in the U.S, for example, has a negative effect on inflation in the European
countries; a finding that is inconsistent with the result that ananticipated
U.S. money growth has similar effects on nominal and real exchange rates of
the European currencies. It should be noted also, however, that there is good
agreement about the effects on the inflation differen:izis of unanticipated oil
price shocks. This finding collaborates the contention that unexpected
changes in the price of oil have been a prime mover of exchange rates and
inflation rates in the 1970’s.

The lack of consistency between the empirical results in tables 2 and 3 on
the one hand and table 4 on the other hand points to weaknesses in our
empirical work. The reasons for these defiviencies may be many, both
economical and technical. We return to them in the concluding section that
follows.

4. Summary and policy conclusions

4... In this paper we have formulated and tested a model of exchange rate
behavior that is based on market efficiency and expectational rationality. The
model incorporates the main elements of the asset approach except one: the
usual purchasing power parity condition is abs¢ent from the model, and
consequently real exchange ratc movements are explicitly allowed for. The

235ee McCracken et al. (1977) for the Locomotive Approach and Korteweg (1979¢) for a
comment.
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reduced-form implications of the mode! have been tested against the null-
hypothesis, using “he exchange rate experiences of six European currencies
during the period 19731V-197911.

Our main findings may be summarized as follows.

One, much of the variation in the unanticipated rate of change of the spot
exchange rates of the major European currencies is due to ‘news’. Indeed,
in five out of the six countries investigated something like 50 percent and
more of the variation in the unanticipated changes of the spot rates can be
expiained this way.

Two, expected and unexpected changes in money, as well as unexpected
changes in oil prices and real government absorption play a considerable
part in explaining the variation in inflation rates. In six out of seven
countries the regressions explain two thirds of the variation in the GDP
deflator over the period of estimation. A noteworthy aspect of the inflation
regressions is that they show significant negative effects of unexpected U.S.
monetary growth on European inflation. The fact that a positive impulse in
the U.S. has negative effects on the rate of price change in Europe and
conscquently depressing short-run effects on the growth rate of output in
Europe, agrees with our theoretical model, but runs counter to a strand of
opinion which holds that a positive monetary impulse in one (large) country
should have short-run positive effects on the output of its trading partners
(the locomotive approach).

Three, movements in the rate of change of the real exchange rates of the
major European currencies against the dollar can in large part be attributed

to our unexpected impulses and to changes in price uncertainty at home and
in the U.S.

4.2. On the standard sei by Mussa (1979) and quoted in section 3.1 above,
the empirical success of our model would be rated good to excellent. This
does not mean, however, that we find our augmented monetary approach to
the exchange rate squarely supported by the facts. Rather, the support is
mixed.

First, although our results indeed indicate that expected domestic
monetary growth affects (expected) inflation with a coefficient not
significantly different from unity in the U.S, Italy and the UK. the
coefficient estimate is considerably below unity for Holland, Germany,
Switzerland and France.

Second, whereas for six out of seven countries the expected and unexpected
growth rates of M2 seem to be superior to the growth rates of M/ in
explaining inflation, for a number of countries the unexpected growth rate
cf M1 is required in the equations for the spot and real exchange rates.

Third, there are quite long lags, not only in the inflation regressions, where
this can be rationalized by the existence of contractual arrangements but also
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in the equations for the spot and real exchange rates. These findings could
cast doubt on our assumptions of expectational rationality and exchange
market efficiency, unless we can accept the explanation given in section 3.2
above, that the Seventies were a period of managed rather than free floating,
characterized by temporary bouts of massive exchange market interventions.

Fourth, an informal test of the consistency between the three sets of
regressions produces evidence of serious shortcomings in our empirical work.
The inconsistencies are minor with respect to the oil price shocks, but they
appear to be substantial in the case of the variables that measure monetary
shocks and price level uncertainty at home and in the U.S.

There may be many reasons why our regression results offer only mixed
support for the model used. One reason might be, of course, that the model
just does not offer a valid description of the process of exchange rate
determination, for which reason it would need to be extended or
reformulated.?* Another reason might be that the way we have distincuished
between the expected and unexpected parts of the exogenous impulse
variables needs to be improved. A further reason could be that in our paper
‘new information’ (unexpected impulses) that causes expectations and.
consequently. exchange rates to change relates to economic variables only,
although political ‘nev s’ may well be as important as economic ‘rews in
shaping cxpectations &nd affccting exchange rates. A final reason for the
mixed support our model gets from the facts has been mentioned before: our
model holds for a world of freely floating exchange rates, whereas in fact
there has been a significant degree of exchange market intervention since the
inception of floating in 1973.2% Rather than being free, the float has been
firmly managed. Clearly, this issue 1s relaied to the assumed exogeneity of
our monetary impulses and ties in with what has been said about the relative
importance of economic shocks and political news.

4.3. Waat remains to be done is to bring our findings to bear on the
questions raised in section 2.2 above. First, to which economic causes can we
attribute the volatility of the real and spot exchange rates of the European
currencies during the floating rate period. Second, wiiy have theure been
changes in real exchange rates that persisted beyond the short run?

As regards the first question, the answer suggested by our results is that
this volatility reflects predominantly unexpected changes in spot exchange

24For instance, the current account has not yet made 1t back in our model explicitly. Recently,
a link butween the asset market approach to exchange rate determination and the current
account iuis veen established by virtue of the fact that curren account imbalances lead to
accumulation or decumulation over time of net foreign assets. According'y, as stressed by Kouri
(1976), Kouri and Braga de Macedo (1978), Dornbusch {1976b), und Artus and Young (1979),
the evolution of the current account influences the evolution of exchange rate expectations over
time.

23For figures on official intervention see Lamfalussy (1979) and Sw..boda (1979).
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rates. These unexpected changes can be largely attributed to monetary and
oil price impulses, emitted on the European economies both from within and
from outside.

As regards the second question, our tkzuretical model indicates two
reasons for persisting changes in real exchange rates.

First, because of differences in real rates of interest between countries.
These differences are represented by the constant terms in our real exchange
rate regressions and by the expressions that stand for the levels of purchasing
power uncertainty. The second reason for sizeable changes in real exchange
rates is that there can be significant shocks, notably monetary and oil shocks,
that are not washed out immediately by similar shocks in the opposite
direction. The results in table 3 show that both causes have been operative
during the seventies.

4.4. Finally, as an illustration of our findings we show what happens to the
nominal and/or real exchange rates of the six European currencies against
the dcllar as the result of two different kinds of shocks which are truly
exogerous to Europe and beyond its control. The first shock to be
considzred is a U.S. monetary policy shock, the second an oil price shock.
Let us start with the exchange rate effects of an unexpected one-percent
contraction of the U.S. stock of both M/ and M2. Since we do not know the
effects of changes in anticipated monetary growth on the expected rate of
change of the spot rates of exchange, we are unable to calculate from our
regression equations the effects on European spot exchange rates of the one-
percent unexpected contraction in U.S. money, but the eventual effects of

such a shock on the real exchange rates can be computed. According to the
regressions of table 3 they are as follows:

Guilder/dollar + 5.7%
D-Mark/dollar + 69%
Swiss Franc/dollar +11.3%
French Franc/dollar + 0%
Lira/dollar + 3.3%
Pound Sterling/dollar + 5.6%

These changes in the real exchange rates will persist until they are nullified
by other impulses in the opposite direction. Since the effects on the six
currencies differ in size, the U.S. monetary impulse will cause a substantial
change in the structure of exchange rates between the European currencies.
The 1 percent decrease in the U.S. money stock corresponds to a decrease of
about 0.6 percentage points in the expected quarterly growth rate of the U.S.
money supply (this can be derived from the Kalman filter results). It follows
that we can also interpret the numbers in a slightly different way: assume
that the rates of inflation in all six European countries are the same as in the
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US. Now let the U.S. money supply decelerate unexpectedly at a rate that
brings the expected annual rate of monetary expansion and inflation in the
U.S. at 4 x 0.6=2.4 percentage points below the expected rates of inflation in
Europe. The numbers then show the permanent effects, ceteris paribus, on
the real cxchange rates between the European currencies and the U.S. dollar.
We note that a deceleration in the U.S. mioney supply will lead, ceieris
paribus, to a significant real depreciation of all European currencies except
the French Franc, irrespective of whether the rate of inflation in these
European countries happens to be above or below the rate of inflation in the
U.S. Consequently, these countries could at times experience real
depre .iations of their currencies against the U.S. dollar, while at the same
time having lower rates of inflation than the U.S.

Let us next consider the effects on the nominal and real exchange rat.s of
the European currencies against the dollar of an unexpected ten-percent
increase in the dollar price of oil. The eventual effects of this type of shock
can be calculated from tables 2 and 3. They are as follows:

Nomina Real
Guilder/dollar +04°, +0.7°,
D-Mark /dollar +1.7°, +1.8°,
Swiss Franc,dollar +1.2°, +0.8%
French Franc,dollar +0.6°, +2.7%,
Lira/doliar +0.6°, +04°,
Pound Sterling/dollar +0.8°, + 1.1,

Again, we note that this shock leads to nominal and real depreciations with
respect to the dollar and at the same t{ime changes the structure of exchange
rates between European currencies.

The Kalman filter indicates that an unanticipated 10 percent increase in
the oil price has little effect, on average, on the expected growth rate of the
oil price, so that the figures above have to be interpreted as the permanent
effects on the nominal and real exchange rates of a permanent increase in the
level of the oil price.

The regressions in tables 2, 3 and 4 show that monetary impulses and
increases in the oil price have been the mujor civents that shocked the
nominal and real exchange rates in our sample during the seventies. Other
impulses, such as unexpected changes in the growth rates of output and
government expenditure, had smaller effecis on the exchange rates. Finally,
changes in the amount of price level uncertainty, both with respect to
national price levels, and with respect to the price of oil, were seen to be of
some relevance for the determination of exchange rates. Since the effects of
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all these impulses were different in each country, every shock did not only
change the nominal and real exchange rate with respect to the dollar, but
also caused changes in the structure of the European currencies.

4.5. What are the policy implications of these findings?

They are neither novel nor particularly surprising. They are that
consistency, stability, and predictability in the behavior of the monetary
authorities of the European countries, but especially those of the U.S, are
prerequisites to achieving more exchange rate stability and exchange rate
predictability. In particular, the spot exchange rates of the major European
currencics against the dollar would have behaved in a much more stabie
manner and much more in accordance with PPP if the monetary authorities
of the U.S. and Eurcpe would have followed more disciplined, more
predictable, and more consistent paths of monetary policy. The European
Monetary System currently in operation can only survive and will only bring
exchange rate stability if the fixing of parities is accompanied by greater, and
more consistent, monetary policy discipline of the countries involved.

Data appendix

M1 and M2 money supply series

Germany: Statistische 3Beihefte zu den Monatsberichte der Deutsche
Bundesbank.

France: OECD Main Ec~nomic Indicators.

Italy: OECD Main Economic Indicators.

Netherlands: De Nederlandsche Bank, internal data series.

U.K.: Bank of England Quarterly Bulletin, and OECD Main Economic
Indicators.

U.S.A.: Federal Reserve Bulletin (M), TFS (M2).

Switzerland: Soziales Jahrbuch der Schweiz.

Quarterly averages of M/ and M2 are calculated from mc . thly data (end-
of-month or monthly averages).

M1 is defined as currency and demand deposits held by residents. M2 is
M1 plus time deposits. For Switzerland, M2 is M/ plus Spareinlagen. For
the U.%.A.,, M2 is M1 plus Quasi Mongy as defined in the 'MF International
Financial Statistics. The Quasi Money Series as reportea in IFS changes
drastically in 1979. Therefore we have taken the monthly data for QM from
the Federal Reserve Bulletin for 1979 (March through July) and used these
to calculate QM for 1979I1. For the UK. our M2 equals M3 minus
residents’ deposits in other currencies, where M3 is defined as M/ plus U.K.
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private sector sterling time deposits plus U.K. public sector sterling deposits
plus U.K. residents’ deposits in other currencies

Exchange rates (number of domestic currency units per doliar)

Spot exchange rates (¢) for all countries were taken irom the IMF
International Financial Statistics (the inverse of line ah for the UK., and
lines af for all other countries). Data used are period averages.

Three-month forward exchange rates (f) are t.ken from the IMF
International Financial Statistics also, except for Italy, in which case they
were calculated from forward premiums, taken from the Banca dltalia
Annual Reports. Three-month forward premiums (fp) are calculated from
spot and forward rates in case they were not supplied directly by the IFS.
The forward premium on the Pounc' Sterling for 1975/3 through 197811 was
taken directly from the Bank of England Quarterly Bulletin. For Italy, the
forward premium was taken directly from the Banca d'Italia Annual Reports.
Data used are period averages.

Real gross domestic product ()) and real government expenditure (g)

Real gross domestic products for all countries ecxcept Germany.
Switzeriand and the Metherlands were taken from the OECD Quarterly
National Accounts Bulletin. For Germany. they were taken from the
Statistische Beihefte zu den Monatsberichte der Deutsche Bundesbank,
January 1980. For Switzerland, real industrial production data were used as
supplied in Soziales Jahrbuch der Schweiz. For the Netherlands, real gross
national product was tiken from the Dutch Central Planning Bureau up to
19781V, and data for 1979 were estimated by us from the Quarterly Reports
of de Nederlandsche Bank.

Real government expenditure is proxied by real government consumption
of final output. Quarterly series of this variable ar¢ available only for the
US., the UK. France, Germany and the Netherlands. For Germany.
nominal governmant consumption expenditure was taken from the IMF
International Financial Statistics and deflated by the consumer price level
For the US.A, the UK. and France, real government consumption was
taken from the OECD Quarterly Nationzl Accounts Bulletin. For the
Netherlands, real government consumption was supplied by the Dutch
Central Planning Bureau up to 19781V and data for 1979 were estimated by
us.

Price index (p) and oil price (p,;)

For all countries except Switzeriand, the price level used is the GDP
deflator These series are calculaied from real and nominal GDP serics taken
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from the sources described in the real GDP section above. For Switzerland
no real or nominal GDP series were available; here we used the consumer
price index from the IMF International Financial Statistics.

Our series for the oil price has been generously provided by the
Nederlandse Organisatie van Olie- en Kolenhandelaren, ‘NOVOK’. pg,
represents the mean monthly price in U.S. dollars of light fuel oif (1% sulfur),
barges f.0.b. Rotterdam, according to Platt’s Oilgram Price Service.

All series mentioned above have been seasonally adjusted if neccssary. This
proved to be the case for our M/- and M2-series, our y-series, and our
g-series,

Statistical appendix

Expectations of the growth rates of our exogenous variables have been
computed using Kalman filters. The main attraction of these filters is that
they can compute a forecast of a time series for period ¢t without any
knowledge about the realisations of the series for periods t+1 and beyond.
By contrast, Box-Jenkins models provide forecasts for each period t that are
based on a model which is estimated over the complete lengih of the time
series, including periods ¢+ 1 etc. In this respect, therefore, the Kalman filter
method resembles more the actual formation of forecasts by economic
agents who, too, have tc base their predictions on the past and cannot make
use of future observations.

On the other hand, the simple Kalman filter would hardly be suitable for
economic forecasting, since it is @ method only for producing forecasts, not
for finding the forecast formula that best fits the data. With a simple Kalman
filter, one starts the computations with certain assumptions about the series
to be forecast and the filter algorithm then produces a forecast for each
period oi. the basis of these assumptions together with the actual data as
they come in. There is no feedback from the data to the algorithm. If, for
example, a Kalmau filter is used to estimate the velocity of some flying
object, then each new observation about the position of that object helps to
improve the estimate of its velocity, but all the computations are made on
the assumption that we possess perfect knowledge about the physical laws
that describe motion in space. For this reason, Kalman filters have been used
extensively in the physical sciences, where the laws regarding motion in space
etc. are known, whereas ther¢ are few applications in economics, where we
are far from sure about the (stochastic) laws that govern our variables.

This drawback of the Kalman filter approach can be overcome by
applying not just one but a number of separate filters to the data, and
computing the forecasts as a weighted average of the forecasts from the
individual filters. With the passing of time the weights of the separate
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forecasts are adjusted according to the success of each separate filter over the
(recent) past. In this way, there is a feedback from the data to the algorithm
with which the forecasts are computed.

The empirical proxies for the expected and unexpected growth rates of the
money stock, gross domestic product, real government expenditure and the
oil price have becn calculated with such a so-called multistate Kalman filter.
The method is best explained by way of an example, for which we use part of
an artificial series depcted in fig. A.1 by a solid line. The series could
represent the growth rate of some economic variable. Usually, the series is
well-behaved, but has occasional outliers. In the data segment shown, two
types of outliers appear: at A and B we notice a single exceptional value,
whereas at C, D and E level of the series is shifted permanently (ex-post we
observe that the shifts at C and D lasted for four periods, and the shift at E
for five periods).

The dotted line in fig. A.l1 shows the predictions of the Kalman filter for
this part of the series. These predictions are weighted averages of four
distinct forecasting models, numbered 1-4. Models | and 2 are appropriate
for those periods in which no outliers occur. Models 3 and 4 are relevant in
the case of outliers. We can write the following system of equations to
describe the background of each of the forecasting models:

y,=}7,+8,-_., (A-”
j=123,4,
=Y +¥. (A2)

Here, y, is the observed value of a time series ); v, represents the ‘true’
underlying value of y at time t and ¢, y are serially uncorrelated white noise
series. ¢ is an observation noise which contaminates the series, and ; shifts
the true level of y from period to period. Since all shifts in the level of ) are
unpredictable (y is white noise), an estimate of the true level v,. made after
observation y, has been processed, is equivalent to a prediction of the level
y,+, for the next period (equa! to the optimal prediction for all subsequent
periods as well). .

Each of the four separate forecasting models is designed to produce
optimal forccasts for the series y,. The models differ in the values that have
been assumed for var¢ and vary. These values have been set as follows:

vare, = L1V, vary, ,=0.0031;,
vare, =0.061;, var ', =1,
varey =16V, = ary;, =02V,

vareg =1V, vary, = 16},.
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Fig. A.1. Kahnan filtering for an artificial series.
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The values for varg, and vary, have been chosen after a number of
experiments with artificial data; they are used for all the calculations ia the
paper.

V, is a common factor in all these expressions. The initial value of V; is
estimated from th: first 10 observations in the series. This value is"then used
by the filter algorithm during these 10 periods, which introduces a certain ex-
post element in the forecasts for the first 10 periods. (In the paper. this
applies to the forecasts for 1968, 1969 and 1970, none of which are included
in the regression equations of tables 2-4.) Beginning with the 11th period, the
estimate of ¥V, is updated adaptively on the basis of the recent history of the
time series, so that all expectations are purely ex ante from that point
onwards.

Forecasting model 1 would produce optima!l forecasts if series y behaved
as in egs. (1) and (2) with vare, = 1.1V,, vary,=0.003¥,. With this speci-
fication of the average size of the two noises, the series y behaves almost like
a stationary series; the permanent shocks are much less important than the
temporary disturbances. The opposite is the case with forecasting model 2.
This model fits to a series which is virtuaily a pure random walk: the }’s are
much larger on average than the &’s. so that each observed shift in y, must be
assumed to be almost 100 percent permanent.

Forecasting models 3 and 4 are devised to deal with cutlier situations.
Model 3 is appropriate if the series y is influenced by ‘normal’ shocks 7, and
extremely large disturbances ,:var g, = 16V, vary,=0.2};.

This model is suitable for any single outliers that may occur. The outlier 1s
assumed to be of a temporary nature, so that the expected level of the series
is hardly affected. Finally, forecasting model 4 can deal with large permanent
shifts in the level of the series. It is designed for the case in which the
variances of ¢ and y, are as follows:

vareg, =11}, vary,=16V,.

Now the change in y is due to the shock ;. so that the expected level of the
series changes equiproportionally.

The four separate models 1-4 are used in each period to generate four
different forcoasts for the next period, and the final forecasts are linear
composites ol these individual forecasts, The weights of four scparate
ferecasts in the composite depends in a Bayesian manner both on prius
probabilities and on the likelihood of the most recent observations. The
priors are set as follows at the beginning of the algorithm:

Model 1: 0.475, Model 2: 0.475,

Model 3: 0.045, Model 4: 0.005.

MonE €
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These prior probabilities are updated in the course of time, in view of the
evolution of the posterior probabilities. The following censtraiats on the
priors have been imposed after some experiments with artificial series:

(1) prior of modz] 1+ prior of model 2=0.95,
(2) prior of model 3 + prior of model 4=0.0¢,
(3) each prior not less than 0.001.

Posterior probabilities are caiculated on the basis of current priors and the
last two observations.

Take, for example, the forecast that has to be formed at point A. It is clear
from the last two observations of the series that an outlier occurred at A, but
it is still impossible to determine which type of outlier. Accordingly, the next
forecast gives a weight of almost one hundred percent (0.98) 1o the outlier
mode! with the greatest prior probability at that moment in time (model 3).
It gives a small weight (0.02) to the outlier model 4 which is based on the
assumption that the outlier that occurred at A indicates a permanent shift in
the level of the series, since this alternative outlier model has a much smaller
. prior weight. Models 1 and 2 get posterior weights of 0. The composite
forecast therefore is a weighted average of the forecasts of mcdels 3 and 4,
with a very large weight for model 3 and a small weight for model 4. We find
therefore that the level of the series is expected to go up by only a small
fraction of the outlier in the previous period.

Consider next the situation when we are at C and the forecast for period
C +1 has to be formed. At point C the same situation applies as at points A
and B: there has been an outlier, but it is too early to tell which type of
outlier, so that the contemporary values of the prior probabilities of models 3
and 4 determine the position of the composite forecast. Consider now the
forecast that has to be formed at point C+1 for period C+ 2. Looking back
at the last two observations, the explanation that fits these two values is: a
permanent outlier in period C and no outlier at C+ 1. Consequently, the
importance of model 4 is increased and its prior probability goes up whereas
the prior of model 3 decreases. We notice the difference at point D, when a
fresh outlier has just been cbserved and we forecast for period D + 1: instead
of assuming again that the outlier is temporary, the algorithm now attaches
substantial probability to the possibility that the outlier was permanent.
When it has become clear that the outlier at D was indeed permanent, the
prior of model 4 dominates that of model 3 almost completely. We see the
effects by looking at the forecast for period E+ 1. Of course, the occurrence
of a number of temporary outliers after E would cause the algorithm to
‘unlearn’ its recent insights in the permanent nature of the outliers.

The updating of the priors for each of the four models, together with the
adapative calculation of the basic variance factor makes the multistate
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Kalman filter into a flexible forecasting tool, which combines the advantage
of 100 percent ex ante forecasts with o fecdback mechanism from the data to
the way in which the forecasts are formed. [See Harrison and Stevens (1971,
1976), Lawson (1980) and Bomhoff (1982) for examples of similar work.]
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