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Effects of Monetary Disturbances
on Exchange Rates, Inflation
and Interest Rates

Michael Keran and Stephen Zeldes*

It has long been recognized that inflation is
primarily a monetary phenomenon. However,
some important implications of that relation-
ship- have become widely recognized only in
recent years. We now realize, for example,
that the link between the quantity of money
and the price of goods also has implications
for the value of financial assets—and further,
that the effects of monetary disturbances on
the prices of goods and assets have implica-
tions for international currency values in the
foreign-exchange market.

The purpose of this article is to shed addi-
tional light on the relationship between a mon-
etary disturbance and exchange rates by inves-
tigating the link through the goods and asset
markets. Most analysts agree that the funda-
mental influence on the exchange rate is the
need to maintain “‘purchasing power parity”—
that is, parity of national price levels between
countries. Because these national price levels
change slowly over time, it had been assumed
that the exchange rate would also change
slowly over time. This has not occurred; since
the move to flexible exchange rates in 1973, ex-
change rates have showed much greater vari-
ance than the underlying price changes.

This phenomenon has called into question
the validity of the purchasing-power-parity ap-
proach to exchange-rate determination, at
least in the short run. Analysts thus have de-
veloped a series of alternative models to ex-
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plain short-run exchange-rate movements on
the basis of factors other than purchasing
power parity.’

This article presents one such model—one
which links monetary disturbances to short-run
adjustments in the bond market. In Section I,
we present the long-run equilibrium effects of
a monetary disturbance on inflation rates, in-
terest rates, and exchange rates. We note there
that the exchange rate in the long run is de-
termined solely by purchasing-power-parity
considerations, while long-run interest-rate
differentials across countries reflect differences
in inflation expectations. In Section II, we con-
centrate on short-run movements in the sys-
tem. In this section, we question the standard
assumption of continuous money-market equi-
librium, and demonstrate that short-term ex-
change-rate movements depend on the short-
run response of interest rates to a monetary
disturbance. For example, a monetary disturb-
ance can affect interest rates in two opposite
ways, because it can have both a liquidity ef-
fect and an inflation-expectations effect. The
adjustment path of the exchange rate toward
long-run purchasing-power parity will depend
on the relative magnitude of those two oppos-
ing influences. We note that profit opportunities
in the bond market can induce short-term cap-
ital flows, which cause the exchange rate to
move more than it would under conditions of
short-run purchasing-power parity.

Section III translates the propositions of
Sections I and II into testable hypotheses, and
Section IV presents the evidence which tests



these theoretical conjectures. To test the
model, we utilize 4 sets of equations, each of
which compares the U.S. bilaterally with five
other major countries. The results suggest that
in four of those countries (Germany, Italy, Ja-
pan, and Switzerland), the exchange rate
changes more rapidly than the ratio of national
price levels in response to a monetary disturb-

ance, while in the fifth country (France), the
adjustments occur at about the same speed.
The results also suggest that for only one coun-
try (Switzerland), the exchange rate tends tem-
porarily to overshoot its long-run value (the
value consistent with long-run purchasing-
power parity) following a monetary disturb-
ance.

l. Theoretical Framework (Long Run)

The monetary approach to exchange-rate
determination provides a conceptual basis for
simultaneously analyzing the interactions
among the major markets of the economy. We
can begin with the determination of the long-
run equilibrium price level. (All variables, ex-
cept interest rates, are to be interpreted in log
form.)

Home-country price level:

P=M - m’=ME ¢))

Foreign-country price level:

P* = M* — m’* = ME* (2)
where:

*denotes foreign country
P = log of price level
M = log of nominal money supply
m’ = log of real-money demand (assumed
to depend on the nominal interest
rate and real permanent income)
ME = log of “excess money” (defined as
the difference between the log of
nominal money supply and the log
of real money demand)

Equations 1 and 2 specify that, in the long
run, the price level in each country is equal to
that country’s excess supply of money. These
equations are based on the notion of long-run
equality between real money supply and real
money demand. They tell us that a rise in the
level of the nominal money supply will, given
constant real money demand, be matched by
a proportional rise in the price level.

We assume here that only the domestic cen-
tral bank can supply money and that only res-

idents of a country will demand money denom-
inated in that currency. This money-demand
assumption is based on the unique role of the
national money stock as a means of payment.
One cannot purchase goods in one country
with the currency of another country. There is
a strong preferred habitat in the demand for
money which is not necessarily observed in the
demand for goods or non-money assets. An
excess supply of money in one country cannot
be used directly to satisfy the excess demand
for money in another country, i.e. there is no
currency substitution.” However, an increase
in excess money in one country will induce an
excess demand for goods and financial assets
in that country which, in turn, can affect the
goods and assets markets in another country.
The exchange rate acts as a conduit to link the
goods and asset markets of the two separate
countries.

The next step in the analysis involves the
formation of inflation expectations. We assume
that price expectations are formed rationally.
The rational-expectations view of market be-
havior says that market participants form fore-
casts of future events based on the relevant
economic model and all available information.
We can therefore use price equations 1 and 2
to generate the following price-expectation
equations:

p° = ME* 3)
or in change form
Ap° = AME*® @)

where 3) and 4) are long-run equilibrium con-
ditions which hold for each country. Super-
script e denotes expectations, and AP and AME




refer to the first differences of logs of the price
level and excess money, respectively. Equation
3 says that if excess money determines the
actual price level, then expected excess money
will determine the expected price level. Simi-
larly, current long-run inflation expectations in
each country are determined by long-run ex-
pected excess-money growth.

Our next equations deal with the determi-
nation of the long-term nominal interest rate.
We assume that the real interest rate—that is,
the nominal rate minus the expected inflation
rate—in the long run will be independent of
monetary factors. This assumption is based on
the presumed existence of “‘real assets”, whose
nominal yields automatically adjust by the
same amount as the inflation rate. The inflation-
adjusted yield on these “‘real assets” is there-
fore determined solely by technological fac-
tors, which are presumably independent of
monetary factors. Because of the possibility of
substitution over the long run between finan-
cial assets and these real assets, nominal rates
on financial assets also will fully incorporate
any change in long-run inflation expectations.
Combining this concept with equation 4, we
arrive at the following equation:

R = AP + r = AME® +r (5)

where:
R = long-term market interest rate
AP® = expected long-run inflation rate
AME® = expected excess money-growth rate
r = real interest rate.

Our next equations explain the equilibrium
exchange rate. Equation 6 expresses the pur-
chasing-power-parity (PPP) condition which
equates the exchange rate (S) to the difference
of the log of the price levels in each country
(P*-P), adjusted for terms of trade (T).’

S=P*~P + T=ME*-ME + T (6)
and
AS® = AP** —AP* = AME* — AME® (7)

Equation 7 assumes that expected changes in
terms of trade (AT") are zero. As these changes
generally take the form of real shocks, it seems

reasonable to assume that expected changes
over time are zero. Equation 6 tells us that the
equilibrium bilateral exchange rate is a func-
tion of the ratio of excess money supplies of
the two countries. Equation 7 tells us that the
long-run expected change in the exchange rate
depends on the long-run expected growth in
the excess money supply of each country.

Because of the possibility of substitution be-
tween real assets of different countries and
because of long run PPP, we can also assume
that over the long run, real interest-rate parity
will hold:*

r=r* (8)

From equations 5 through 8 we can derive
the nominal interest-rate parity condition:’

R = R* — AS$® 9)

This equation tells us that the domestic nom-
inal interest rate should be equal to the foreign
nominal interest rate minus the expected an-
nual rate of appreciation of the domestic cur-
rency over the term of the asset.

All of these equilibrium relationships can be
expected to hold over the long run, with cer-
tain short-run deviations. Also, all of the equa-
tions are valid under both fixed- and flexible-
rate regimes, although with different direc-
tions of causality under the two structures.® In
this paper we deal only with adjustments under
a flexible-rate regime. The general equilibrium
nature of the model can best be illustrated by
an analysis of the long-run effects of some
monetary disturbances, which then provides a
point of reference for an analysis of short-run
adjustments.

Consider first the long-run effects of a one-
time contemporaneous increase in the level of
a country’s money stock, with no change in its
expected future growth. The resulting increase
in the supply of money relative to the demand
for money will be matched by an equal excess
demand for the sum of goods and non-mone-
tary assets. Equilibrium will be restored in this
case via a price adjustment, i.e. a rise in the
domestic price level and a depreciation of the
exchange rate. Equations 1 and 2 determine




the home and foreign price levels, and equa-
tion 3 determines the exchange rate. The neu-
trality of money and PPP conditions requires
that the changes in the price level and the
exchange rate be proportional to the initial
increase in the money stock. The rise in the
price level will reduce the real money supply
to its initial level, restoring equilibrium in the
money market, and the depreciation of the
exchange rate will maintain the purchasing-
power-parity condition. Interest rates will not
be affected by this one-time change in money,
because there will be no change in its expected
future growth rate, and thus no change in in-
flation expectations.

Next consider the long-run effects under a
flexible-rate regime of a second type of mone-
tary disturbance—a permanent increase in the
growth rate of the domestic money supply.
Again, equilibrium will be restored via a price
adjustment. An expected higher money growth
rate leads to a higher expected inflation rate,
which means a comparable increase in the
long-term interest rate; the interest-rate dif-
ferential between two countries will therefore

just equal the expected inflation differential. In
a steady-state condition, the money supply, the
price level, and the exchange rate will all
change at the same rate (equal to the expected
rate), and the level of the long-term interest
rate will be permanently higher. There will be
no incentive to switch between securities of
different countries, because higher domestic
interest rates will fully compensate holders of
domestic financial assets for the expected de-
preciation of the currency.

The usefulness of the long-run model de-
pends on one key empirical regularity—pur-
chasing-power-parity, or the equality between
bilateral exchange rates and the ratio of na-
tional price levels. In the long run, a close
association of this type has been apparent for
the United States with respect to five other
countries: France, Germany, Italy, Japan, and
Switzerland (Chart 1). However, for reasons
discussed in the next section the relationship
is not particularly close in the short run.’

lIl. Theoretical Framework (Short Run Adjustments)

Our analysis of the nature of the long-run
equilibrium does not describe the mechanism
by which equilibrium is achieved, nor does it
describe the movements of the economic var-
iables between equilibria. The short-run move-
ments of the system depend on assumptions
about the nature of the adjustment process in
different markets. Asseen below, real interest-
rate parity (equation 8) need not hold in the
short run, but ‘nominal interest-rate parity
(equation 9) is a short-run condition which
must hold at all times. On the basis of these
relationships—along with assumptions about
adjustment in the goods, financial assets, and
money markets—we can determine the short-
run movements of the exchange rate in re-
sponse to a monetary disturbance. The link
between the long run and short run, for the
purpose of analyzing exchange-rate move-
ments, can be operationally defined by the
bond-market yield curve, which describes the
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yield on bonds of different terms to maturity.
The underlying economic forces are funda-
mentally determined by liquidity considera-
tions and market expectations about future
money growth and inflation. To understand why
exchange rates adjust differently in the short
run than in the long run, we must understand
why the yield curve varies in response to the
forces noted here.

If the yield curve remains unchanged in re-
sponse to a monetary change, then short-run
and long-run exchange-rate adjustments would
be indistinguishable. A change in excess
money would lead to an immediate exchange-
rate response, bringing the exchange rate im-
mediately to its long-run equilibrium value—
that value consistent with long-run purchasing-
power parity. This response occurs even
though adjustment in the goods market is not
instantaneous, i.e., is lagged over a few years.
If the yield curve changes, however, then
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short-run and long-run exchange-rate adjust-
ments would be different, as is explained in
detail below.

To analyze the short-run movements of the
system in response to a change in money sup-
ply, we must 1) distinguish between different
types of changes in the money supply, and 2)
make assumptions (based on observations)
about the nature of the adjustment process in
certain markets.

Money-supply Changes

There are two types of distinctions which
should be made regarding money supply
changes: a) permanent/transitory, and b) ex-
pected/ unexpected (Figure 1). The permanent
(as opposed to transitory) change in the level
of the money stock is that part which it is
believed will not be reversed in the short run,
i.e., the part that will result in a permanent
change in the level of the money supply. Only
the permanent part of the money-supply
change is generally believed to affect economic
behavior. This occurs because transactions are
not costless, and if the public believes that
money supply changes will shortly be reversed,
they will avoid taking action and will tempo-
rarily absorb these balances in their holdings
of money.® The expected money-supply change
is the part which market participants antici-
pated in advance (by the length of the planning
horizon}, while the unexpected money-supply
change is the difference between the actual
and expected money-supply change. Thus, if
individuals two years ago expected the money
stock to rise by 5 percent this year, when in
fact it rose by 15 percent, then 5 percent would
represent the expected part, and 10 percent the
unexpected part, of the change.

The line AB in Figure 1 is the expected path
of excess money over some relevant planning
horizon. ME° is the level of excess money
which is currently expected to exist at various
points in the future. A(ME)° is the expected
growth in excess money. A movement from A
to C represents a deviation of excess money
from its expected growth path. Following such
a move, excess money could proceed along
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either of two possible paths. 1) Actual excess
money could move to D in the next time pe-
riod, at which point it would be back on the
previous expected path (AB). In this case, the
deviation is only transitory, and the monetary
disturbance would have no economic conse-
quences for prices, interest rates or exchange
rates. 2) Alternatively, actual excess money
could proceed towards point F in succeeding
time periods. This permanent change in the
level of excess money, which was unexpected
at the beginning of the planning period, could
have definite effects on the economy. The price
level would eventually be higher because point
F is higher than point B. Also, short-run infla-
tion expectations would be higher because the
slope AF is greater than slope AB. However,
long-run inflation expectations would remain
unchanged. Such expectations are based on
long-run excess money-growth expectations.
With line CF extended into the “long run”
(e.g., to point H), the slope of AH (long-run
excess money growth) approaches the slope of
AB (the previously expected long-run money
growth). There would therefore be no change
in expected long-run excess money growth or
in long-run inflation expectations.

We assume that if actual money changes are
expected and seen to be permanent (along line
AB), there will be no lag between excess
money and prices. In this specific case, con-
tracts and other impediments to adjustment
would be arranged to ensure that price changes
occur when the money supply is expected to
support the price change. Fully anticipated,
permanent changes in the money supply thus
lead to contemporaneous price increases, and
the system therefore moves immediately to its
new long-run equilibrium. In this case there
are no short-run adjustments. In sum, because
transitory money-supply changes have no ef-
fect on the economy, and because fully antici-
pated permanent changes result in an imme-
diate move to the long-run equilibrium, we
should concentrate on the results of a perma-
nent, unanticipated change in the money stock
(A-C-F). (To avoid awkward phrasing, the rest
of the text will assume that all money changes




are permanent, unless otherwise indicated.)

In this situation, the difference between the
long run and the short run becomes important.
In the goods market, prices will adjust only
with a lag, and in the bond market there may
be a shift in the term structure of interest rates
(yield curve). These adjustment lags from an
unanticipated money change could lead to
short-run exchange-rate changes which are dif-
ferent from those resulting from an anticipated
change in excess money-—and which can cause
purchasing-power parity not to hold in the
short run. In the following discussion we will
consider the different adjustment lags in the
goods, money and bond markets, and further,
consider their implications for exchange-rate
adjustments.

Goods Market. The lags in the adjustment
of goods prices in response to unanticipated
money-supply changes have been well docu-
mented.” Two' different types of lags can be
differentiated. First, there is recognition lag:
the time the market takes to recognize a
change in the level of excess money and to
differentiate between the permanent and the
purely transitory part of that change. Given
transaction and decision costs, individuals will
delay changing their behavior until they are
reasonably sure that a money change is per-
manent-——that is, a move to F instead of to D
in Figure 1. Secondly, there is market-adjust-

ME Figure 1

A

G =
-
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2

time
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ment lag: the time that goods-market prices
take to adjust to recognized changes in excess
money. Because of imperfect markets and in-
formation flows, there are lags between de-
mand-and-supply shifts and changes in product
prices."

The existence of an organized secondary
market in a product serves to eliminate the
market-adjustment lag from the adjustment
process.'' These markets are organized so that
changes in demand immediately become re-
flected in the price, i.e., the dealer or “auction-
eer’” moves the price immediately to equili-
brate supply and demand, effectively eliminating
any information problems. In addition, the
factors which encourage the formation of or-
ganized markets also make these markets well
suited for the activities of speculators and ar-
bitrageurs. Once the recognition lag has
passed, individuals realize that a price change
is going to occur. Knowing this, market partic-
ipants will buy or sell as soon as possible in
anticipation of the price change, and this spec-
ulation causes the price change to occur right
away. Because of these two factors, organized
secondary markets do not exhibit a market-
adjystment lag, but only a recognition lag, be-
tween the occurrence of a monetary disturb-
ance and a resultant price change.” In con-
trast, products which are non-homogenous
and/or expensive to store and transport, gen-
erally are not traded in organized secondary
markets. As a consequence, we experience im-
perfect information flows, a lack of speculation
and arbitrage, and therefore delays in price
changes. -‘Prices in most goods markets thus
exhibit both recognition lags and market-ad-
justment lags in response to unanticipated
money growth.

Money Market. To understand money-mar-
ket adjustments, it is useful to review the
money-price relationships of equations ! and
2. These equations are based on an equality
between the real supply and the real demand
for money. In the present context, the rela-
tionship may be stated as follows:

m' = m‘ (y,R)
where m*and m“ are the real supply and real




demand for money respectively, and the real
demand for money is a function of permanent
real income (y) and the market interest rate
(R). As seen above, an anticipated and per-
manent rise in the nominal supply of money
will bring about a rise in goods prices contem-
poraneous with the rise in money supply, so
that there will be no change in the real supply
of money. In this case, there is no disturbance
to the real demand for money—the only effect
is a rise in prices. In contrast, an unanticipated
but permanent rise in nominal money supply
will lead to a lag in the adjustment of prices.
In this case, the real supply of money will rise
temporarily and require an adjustment in the
real demand for money, thus affecting devel-
opments in the real economy, at least tempo-
rarily. Dornbusch (1976) in his article on ex-
change-rate overshooting, makes the standard
assumption that the money market is always
in equilibrium, i.e., that real money supply
and real money demand are equal at all mo-
ments in time. If this is the case, then an in-
crease in nominal money supply must be ac-
companied by an increase in the price level,
an increase in real output, and/or a decrease
in the nominal interest rate."” An increase in
the price level would reduce real money sup-
ply, while an increase in real output or a fall
in nominal interest rates would increase real
money demand.

Given the slow adjustments of prices and
output, continuous money-market equilibrium
implies that the nominal interest rate must
move immediately in order to equilibrate the
real supply and real demand for money. Thus,
a rise in the real money supply would lead to
a fall in the market interest rate (liquidity ef-
fect). Once the goods-market adjustment is
complete—initially through higher real income
and eventually through higher prices—the in-
terest rate in the bond market will return to
its previous equilibrium value.

Our model does not differ in any fundamen-
tal way from this analysis, except that we allow
for circumstances where the money market is
in disequilibrium. Given goods-market dise-
quilibrium, Walras’ Law tells us that either the
money market or the bond market, or both,
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must be out of equilibrium. It is reasonable to
assume that the market interest rate moves to
maintain equilibrium in the bond market, for
which (unlike the money market) there are
real-world primary and secondary markets. In
that case, the goods market and the money
market would be left out of equilibrium."* Such
a result would occur if money were considered
a “buffer stock”, in much the same way that
inventories may be out of equilibrium because
of sudden shocks in either the supply or the
demand side of the goods market.

Bond Market. As we have seen, the long-run
effects of excess money on the bond market
are purely expectational. Expected excess-
money growth determines inflation expecta-
tions, and with the real interest rate given,
determines the market interest rate. In the
short run, an unanticipated increase in excess
money can depress real market interest rates
through a liquidity effect. But furthermore, it
can tend to raise short-term interest rates
through a rise in short-run inflation expecta-
tions. How is it possible to raise inflation ex-
pectations without a rise in long-run expected
excess-money growth? Because a rise in excess
money implies higher price levels once the
goods-market adjustment is complete. This
can raise short-run inflation expectations—the
slope of AF is greater than the slope of AB—
while leaving long-run infiation expectations un-
changed.

A monetary disturbance can have offsetting
liquidity and inflation-expectation effects on
short-term interest rates. A rise in inflation ex-
pectations will shift the demand and supply of
bonds so as to create upward pressure on the
nominal interest rate. Thus, with interest rates
determined by short-run equilibrium in the
bond market, an unanticipated increase in ex-
cess money need not lead to a decline in mar-
ket interest rates. Three conditions are possi-
ble, depending on the relative strengths of the
two effects. 1) The liquidity effect is less than
the short-run inflation expectation effect, push-
ing up short rates, leaving long rates un-
changed, and thus causing a shift toward a
more negative sloping yield curve. 2) The lig-




uidity effect is greater than the expectation
effect, causing a decline in short-run market
rates and a shift toward a more positively slop-
ing yield curve. 3) The liquidity effect is equal
to the inflation-expectation effect, leaving mar-
ket interest rates and thus the yield curve un-
changed. Thus, short-run equilibrium in the
bond market is consistent with different shifts
in the slope of the yield curve, which means
consistent with different exchange-rate adjust-
ments.

Exchange Adjustments

Now that we have considered the short-run
equilibrium conditions in domestic markets for
money, goods and bonds, we can proceed to
analyze the developments between countries
which operate through foreign-exchange rates.
The key assumption linking goods markets be-
tween countries is purchasing-power parity
(equation 6), and the key assumption linking
bond markets between countries is nominal
interest-rate parity (equation 9). Because of
the relatively long adjustment lags in the goods
market, movements in the bond market will
determine short-run movements in the ex-
change rate.

Under the assumption of perfect capital mo-
bility, equation 9 represents a short-run con-
dition which holds at all times.'s The condition
states that asset holders will be fully compen-
sated for the expected depreciation of the cur-
rency in which their assets are denominated,
i.e., that the nominal interest rate in one coun-
try will exceed the nominal interest rate of the
foreign country by the amount of the expected
depreciation of the domestic currency. If this
condition did not hold, asset holders would be
induced to shift out of the assets of one country
into foreign assets in order to preserve the real
purchasing power of their bonds. This would
put immediate pressure on the exchange rate
and/or the nominal interest rate, and drive the
system back to the condition of nominal inter-
est-rate parity. Thus, short-run profit possibil-
ities create incipient capital flows which serve
to maintain this condition. Short-run ex-
change-rate movements are therefore inte-
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grally related to movements in short-run inter-
est rates.

Short-run movements of the exchange-rate
can be better understood by examining the
effects of three different types of monetary
changes.

The first situation involves a one-time un-
anticipated but permanent increase in the level
of excess money (Figure 2). Assume that there
is a S-percent increase in domestic excess
money (top line in Figure 2), that prices take
one year to fully adjust to this disturbance,
and that both the interest rate and expected
inflation rate are one-year rates. In the long
run, the effects of this disturbance will be a 5-
percent rise in the domestic price level and a
S-percent fall in the exchange rate, with no
change in the level of interest rates. In the
short run, prices (P) would be expected to rise
gradually over the course of a year and remain
stable thereafter, at a level 5 percent higher
than before the disturbance. Therefore, one-
year inflation expectations (AP°) will initially rise
by 5 percent and then gradually return to their
initial level. Long-run inflation expectations will
be unchanged. The possible short-run adjust-
ment paths are outlined in panels [-3, corre-
sponding to the three bond-market conditions
cited above.

Panel 1). An extreme case where short-term
interest rates increase to fully incorporate the
expected price inflation, i.e. an initial 5-per-
centage-point rise in the short-term interest
rate. This implies no liquidity-induced decline
in the real rate of interest. (Recall that given
slow adjustment of output, this rise in nominal
rates also implies money-market disequili-
brium). Under these circumstances the ex-
change rate should move toward its long-run
value only gradually, at the same speed as the
price level, i.e., the spot exchange rate moves
so that purchasing-power parity is maintained
at all times. The expected short-run deprecia-
tion of the exchange rate equals the expected
short-run price increasé (both S percent over
one year). The compensating rise in short-term
interest rates relative to long-term rates leads
to a gradual depreciation of the currency.




Figure 2

Alternative Adjustments to a Monetary Disturbance
nitial disturbance Short-run adjustment period

\!M
B

Long-run

l

E
[ |
g
. Panel 2
;
B
B

Note: For expositional purposes, we assume a one-year adjustment period between money and prices, and interpret the interest rate
and expected inflation rate as one-year rates,
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Panel 2). An opposite extreme where short-
run market interest rates decline by the full
amount necessary to maintain continuous
money-market equilibrium. In this case, the
short-run inflation-expectations effect is com-
pletely dominated by the liquidity effect. Not
only are asset holders uncompensated for a
decline in the real purchasing power of their
security, they are also forced to accept a lower
market-interest rate than they did before the
unanticipated rise in excess money. This com-
bination of circumstances will induce market
participants to attempt to switch out of do-
mestic assets into foreign assets, which will
cause an immediate depreciation of currency
by more than the 5-percent increase in excess
money. Thus, given a decline in both real and
nominal short-term interest rates, the ex-
change rate must depreciate to a level below
its expected long-run value. This overshooting
of the exchange rate (as described by Dorn-
busch), leads to an expected appreciation of
the exchange rate over time. The expected
appreciation of the domestic currency compen-
sates for the lower domestic interest rate, and
the interest-rate parity condition (equation 9)
is maintained. In general, as long as the lig-
uidity effect is greater than the inflation-expec-
tation effect, there will be a shift toward a
more positive-sloping yield curve as well as a
temporary overshooting of the exchange rate.

Panel 3). An intermediate case, where the
inflation-expectation effect exactly offsets the
liquidity effect. In this panel, as in panel 2,
asset holders are not compensated for the ex-
pected depreciation (a decline in the real pur-
chasing power of their bonds), so that they
attempt to shift out of domestic assets into
foreign assets. This immediately depreciates
the exchange rate. With no change occurring
in the nominal interest-rate differential, the
exchange rate must depreciate immediately by
5 percent to its long-run equilibrium value.

The long-run effects under each of the above
assumptions are equivalent. However, the
choice of assumption about the adjustment in
the money and bond markets is critical in ex-
plaining short-run exchange-rate movements.
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Given our assumptions about goods prices and
capital mobility, the existence of a liquidity
effect ensures that the exchange rate will ad-
just more rapidly than prices in response to a
monetary disturbance.

We can deal with the other types of mone-
tary changes rather quickly. The second ex-
ample of a monetary change involves a fully
anticipated and permanent increase in the level
of excess money movement along AB (in Fig-
ure 1). Because of the expected nature of this
increase, inflation expectations and therefore
nominal interest rates of all maturities have
already adjusted—that is, domestic bond hold-
ers are being compensated for the higher
(short-run) inflation. Both prices and the ex-
change rate should rise contemporaneously
with the money increase, with no effect there-
fore on real money balances, the real interest
rate, inflation expectations, or the market in-
terest rate.

A final example involves an increase in the
permanent growth rate of excess-money—that
is, a change in the slope of the expected excess-
money path. This represents a combination of
two previous disturbances—an unanticipated
increase in the level of money, followed by
further anticipated increases, which are larger
than previously anticipated. The short-term
effects will therefore be similar to those in the
first situation described above. The long-run
effects will be similar to those in the second
situation, although with increased long-run in-
flation expectations as well as short, reflecting
the permanent alteration in the money-growth
rate.'° The higher level of inflation expectations
will therefore lead to higher market-interest
rates (long and short). The currency will de-
preciate gradually over time, coincident with
and equal in size to the increase in the price
level. But no profit opportunities will emerge
in the bond market, because interest differ-
entials will adjust to compensate fully for the
expected inflation and for the exchange-rate de-
preciation.

The key, therefore, to understanding short-
run movements in the exchange rate is to un-
derstand the effects of unanticipated excess




money on the bond market. Theoretically, the
effects are ambiguous in the short run, so that

an appeal to the evidence is needed to resolve
the question.

lll. Testing the Hypothesis

We are now in a position to write the equa-
tions which will be estimated. These estimates
will be used to test our theoretical conjectures
and make inferences about both the long- and
short-run adjustments of prices and exchange
rates. .

AP* = P), = a, + 23,4 (ME* — ME),;

(10)

AS, = b, + £b; A (ME* ~ ME),; (1)
where m represents the length of the adjust-
ment period between excess money and prices,
and n represents the length of the adjustment
period between excess money and exchange
rates.

First we ask whether we can confirm the
long-run relationship between excess money
and prices, and between excess money and
exchange rates. Further, we ask whether we
can confirm that the long-run coefficients in
the excess money/price relationships are equal
to those in the excess money/exchange-rate re-
lationships (i.e. b, = Xa, for each country). For
these tests, the distinction between expected
and unexpected is not relevant, because the
long-run effects of a money change on prices
and exchange rates are the same in either case.

This is not so in the short run, however,
because as we have seen, short-run adjust-
ments of the system depend on whether the
monetary change is expected or unexpected.
In particular, if all money changes were ex-
pected, both prices and exchange rates should
adjust contemporaneously with money, (i.e.,
m and n would equal zero). In contrast, if all
money changes were unexpected, the money/
price lag (m) should be long, while the
money/exchange-rate lag (n) should depend on
the short-term interest rate. In this connection,
the existence of the liquidity effect on short-
term interest rates ensures that adjustment will
occur more quickly in exchange rates than in
prices. This then raises the question whether

or not excess money changes affect exchange
rates more rapidly than they affect price-level
ratios.

The unexpected/ expected distinction is easy
to make conceptually, but difficult to make
empirically.” Thus, we do not attempt to break
down actual changes in excess money supply
into expected and unexpected components.
Money-supply changes over time undoubtedly
have contained both of these components, so
that we should see some combination of in-
stantaneous and lagged adjustments in goods
prices and foreign-exchange rates. All else
equal, the greater the unexpected component
relative to the expected component, the longer
should be the lags between money and prices."

Next, we estimate the long-run interest-dif-
ferential equation. Differentials across coun-
tries (R *-R,) are a function of differences in
long-runinflation expectations, and thusare due
to differences in expected excess-money
growth. The latter is determined not only by
past excess-money growth, but also by other
factors which market participants have found
to be good indicators of future money growth,
such as government budget deficits. Non-mon-
etary factors are not directly included in our
estimating equation, but any systematic move-
ment in these variables could be captured
through a Cochrane-Orcutt correction. Thus
we obtain the following:

(R ~R)=c,+5.¢ A (ME*—ME),, (12)

The role of relative excess money growth in
equation 12 is fundamentally different from
that in equations 10 and 11. Equation 12, un-
like equations 10 and 11, is designed to capture
the effect of past actual money growth on ex-
pectations of 'money, providing evidence
whether government authorities have changed
the long-run target of future money growth.
This is therefore a form of a central-bank re-
action function. Past money growth’s only role




in this equation is as a generator of changes in
inflation expectations. It has no role in either
the state of the business cycle or the state of
liquidity in the economy.

Next, we estimate short-run interest-rate
differences across countries (R.*-R ), which
have a more complex relationship than long-
run differences to current and past excess-
money growth. This is because short rates are
influenced by both liquidity and inflation expec-
tations.

(R*—R),=d '+ égiA(ME* ~ ME),; (13)

The relationship between excess money and
short-term interest-rate differentials may be
positive if short-run inflation expectations dom-
inate the relationship (2d,>0); it may benegative
if liquidity effects dominate (2d;<0); and it may
be approximately zero if the two effects offset
one another. In addition, the sign of the dgs
may vary between negative and positive if the
liquidity effect dominates in the early months,
and if the inflation-expectations effect domi-
nates thereafter.

Although we cannot make any a priori state-
ments about the relationship between short-
term interest rate differentials and excess
money growth differentials, we can say the
following: a) If liquidity effects have any in-
fluence on short-term interest rates, then the
exchange rate will adjust more rapidly than
prices i.e., the difference between the
money/price mean lags and the money/exchange
rate mean lags should be relatively large. b) If
liquidity effects initially dominate short-term
interest-rate movements, then the exchange
rate should overshoot the long-run equilibrium
value, i.e., the short-run effects of excess
money on the exchange rate should be greater
than the long-run effects. c) If the liquidity
effect has no influence on short-term interest
rates and inflation expectations effects dominate
initially, then the exchange rate should move
more in line with prices—i.e., the difference
between the money/price lags and the
money/exchange rate lags should be relatively
small.

IV. Empirical Estimation

To test the theory, we chose empirical mea-
sures which were as simple as possible, con-
sistent with the variables in the theory. We
measured the exchange rate in all cases as the
monthly average of the bilateral rate between
the U.S. dollar and the foreign currency
(measured as foreign currency per dollar). For
a money-supply measure, we chose the broad
measure of money plus quasi-money from the
IMF’s International Financial Statistics, sea-
sonally adjusted using an X-11 routine. The
broad measure was used here because it was
found to be generally superior to the narrow
money-supply measure in earlier work of one
of the authors (Keran, 1979), although both
measures provided significant results with re-
spect to exchange rates. For prices, we chose
the wholesale-price indexes from International
Financial Statistics, and again used an X-11
routine for seasonal adjustment. For interest
rates, we chose 3-4 month representative
money-market rates and long-term domestic
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gavernment bond yields from Morgan Guar-
anty’s World Financial Markets.

As a proxy for real money demand, we con-
structed a 36-month moving average of actual
real money balances. This procedure is con-
sistent with the assumption of noncontinuous
equilibrium in the money market, and it re-
duces the complexity of both the model spec-
ifications and the statistical estimates. In using
this proxy, we assume that purely transitory
changes in real money demand have no effect
on prices or exchange rates because they are
expected to be reversed. We also assume that
real money demand and real money supply are
equal over the long run, which is defined as
that time period in which prices adjust to a
monetary disturbance. This period of adjust-
ment may vary between countries, but presum-
ably in each case is completed within three
years—hence our choice of a 36-month moving
average.'

All of the equations were estimated using




the Almon polynominal distributed-lag (PDL)
technique, which helps us distinguish between
the permanent and transitory changes in excess
money. Each equation was run a number of
times, with different lag lengths ranging from
0 to 36 months and up to 4th degree polyno-
mials. In all cases the far ends were con-
strained equal to zero. The “best’” total num-
ber of lags and degree were chosen based on
the criterion of fowest standard error of the
regression. All of the equations were esti-
mated with monthly data for the period Janu-
ary 1975-December 1978.%°

We present the results from the ‘“best”
money/price equations for each country in Ta-
ble 1, and the results from the “best”
money/exchange-rate equations in Table 2. Ta-
bles 5 and 6 show the long- and short-term
interest-rate results. In presenting the statisti-
cal results, we analyze a number of statistical
measures which are briefly discussed in Appen-
dix 1.

Money and Prices

Our results (Table 1) clearly support the the-
oretical belief in a significant relation between
an increase in excess money and a rise in the
price of goods, with the price lags reflecting a
host of contractual, informational, and inven-
tory adjustments. The t-statistics on the sum

of lag coefficients are all a good deal greater
than 2 (averaging 5.0), which confirms that the
monetary variable is significant in explaining
the inflation differential between countries.

The values of the Durbin-Watson statistics
allow us to reject the possibility of autocorre-
lation in the errors. The lack of systematic
errors in these equations is consistent with the
notion that we have not left out any significant
systematic explanatory variables. The total lag
lengths ranged from 12 months for Italy to 36
months for France and Switzerland, with an
average across countries of about 24 months.
Lags longer than these only decreased the ex-
planatory power of the equation. The time re-
quired for 75 percent of the total effect to
occur ranged from 10 months for Italy to 30 1/2
months for France.

Money and Exchange Rates

As with money and prices, the evidence
clearly supports a significant link between
money and exchange rates (Table 2). The sum
of the coefficients on the monetary variable
are significant for all five bilateral exchange
rates. While the R’ may seem low, all of the
variables in the exchange-rate and price equa-
tions are measured in monthly percentage-
change form, so that there is a great deal of
unsystematic and random “‘noise” in the series

Table 1
Relationship of Changes in Wholesale Price Ratios and Excess Money, 1975-78

A(P* — P), = a, + 5a A (ME* — ME),

Total 75% Effect
Country No. Lags Lag Constant
France 36 30.5 (—~ . (1)98211)
Germany 18 14.5 ('(1)91102)
Japan 18 15.0 (—_ . 202361)
Switzerland 36 30.0 (0(2)(2)§

t-statistics in parenthesis
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= Lagged _

Coefficients R2 S.E.R. Rho D.wW.
(2';2) 338 0066 @ — 1.66
(}L?g) 263 0037 — 1.67
(2:2;) 760 0052 — 1.63
(é:gf;) S 00390 — 171
égg) 183 0048  — 1.82




which is not explained by the independent var-
iable.”

Table 3 presents the sum of the lag coeffi-
cients for the price and exchange rate equa-
tions, the difference between the coefficients,
and the t-statistics on each.”” The exchange-
rate coefficients are larger than the price coef-
ficients for all countries except France, but in
no case is there a statistically significant differ-
ence between the long-run price and exchange-
rate coefficients. This is consistent with our
theoretical argument that the long-run coeffi-
cients in the two sets of equations would be
equal.

Next, consider the cumulative effects of ex-
cess-money changes on price ratios and ex-
change rates (Chart 2). This chart shows the
total effect of an initial one percent change in
excess money for any month in the adjustment
period. Because the adjustment period is
never longer than 36 months, the value plotted
at lag 36 will be equal to the sum of the lag
coefficients estimated in equations 10 and 11.

Exchange-rate overshooting, which occurs
when excess money depresses short-term in-
terest rates via the liquidity effect, should be
indicated by a distributed lag in the exchange-
rate equation consisting of positive coefficients
followed by negative coefficients, with the sum
equal to that in the price equation. Such ov-

ershooting was evident only in the case of
Switzerland, for it was the only country show-
ing significant negative coefficients in the lag
patterns of the exchange-rate equations. This
can be clearly seen in the pattern of exchange-
rate lagged coefficients, where the cumulative
effect first rises above the long-run value. The
evidence in the short-term interest-rate equa-
tions is also consistent with this liquidity/
overshooting explanation.

Table 3
Long-run Coefficients of Exchange Rate and
Price Equations

(1)
Exchange )

Rate Price (1)+(2)
Country Equation Equation Difference
France 3.44 3.74 -.29

(2.94) (4.94) (=.27)
Germany 3.09 1.33 1.76

(2.37) (4.12) (1.33)
Italy 331 3.07 24

(3.15) (6.58) (.22)
Japan 1.89 1.36 .53

(2.79) (6.64) (.82)
Switzerland 3.17 2.30 87

2.97) (3.30) (.76)

(t-statistics in parenthesis).

Table 2
Relationship of Changes in Exchange Rates and Excess Money, 1975-78
AS, = Db, + gﬂbj A (ME* — ME),,
Total 75% Eftect 3 Lagged ;

Country No. Lags Lag Constant Coefficients R S.E.R. Rho D.W.
—.0008 3.44

France 30 25.0 (= 25) (2.94) 124 .0184 — 2.00
.0044 3.09

Germany 9 7.5 (.91) (2.37) 118 0196 — 1.88
~.0252 3.31

Italy 9 5.75 (~3.02) (3.15) 675 0131 — 1.58
—.0037 1.89

Japan 6 4.5 (~2.37) (2.79) 168 0204 — 1.67
. {0057 3.17

Switzerland 6 1.0 (.98) (2.97) 335 0229 — 1.50

t-statistics in parenthesis

21




Chart 2

Lag Patterns for
Exchange Rates
and Prices

Coefficients Switzerland
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*The coefficients charted above show the cumulative effects of a monetary disturbance on the exchange rate and the WP ratio, and
are derived by cumulatively adding the lag coefficients estimated in equations 10 and 11.
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The exchange-rate equations are notable for
the shortness of the lags between money and
exchange rates (Table 4). For all countries ex-
cept France, the total lag ranged between 3
and 9 months, and averaged about 7 months;
for France, the lag was 30 months. Similarly,
the 75-percent effect—the time required for 75
percent of the exchange-rate impact to occur—
ranged below 8 months for all countries except
France (25 months). We may conclude that
money affects exchange rates more rapidly
than it does prices, judging from the evidence
that both the total and 75 percent-effect lags

were substantially less in the exchange-rate
equations than in the price equations. Accord-
ing to our theoretical model, these shorter lags
are consistent with monetary disturbances re-
sulting in changes in real interest rates (li-
quidity effects). We will see that the evidence
from the short-term interest-rate equations is
consistent with this theory.

Our model is incomplete because it captures
the real terms-of-trade effect on the exchange
rate only in the constant term. Admittedly, this
is unrealistic. For example, one of the authors
(Keran, 1980) has shown that the yen/dollar

Table 4
Money-Exchange Rate and Money-Price Lags
(in months)

Exchange Rate Equation
(1) (2)

Country Total Lag 75% Effect Lag
France 30 25
Germany 9 7.5
Italy 9 5.75
Japan 6 4.5
Switzerland 6 1.0

Price Equation

@) ) (4)2)
Total Lag 75% Effect Lag Difference
36 30.5 5.5
18 14.5 7.0
12 10.0 4.25
18 15.0 10.5
36 30.0 29.0

Table 5
Relationship of Long-term Interest Differential and Changes in Excess Money, 1975-78**

(R* = R) = ¢,
Total > Lagged
Country No. Lags Constant Coefficients

1.88 .07

France 36 (14.88) (1.84)
.06 45

Germany 21 (1) (4.63)
~1.83 .52

ltaly 18 (~2.04) (6.11)
-0.50 .29

Japan 24 (-3.07) (8.03)
. ~2.88 .38
Switzerland 30 (=5.93) (4.47)

*Shaded areas indicate not significantly different from zero.
t-statistics in parenthesis

P
+ 3¢ A (ME* — ME),,

R: S.E.R. Rho D.W. Lag Pattern*
909 2127 (6:5;) 5 05
o68n xziig) 226
843 5074 (5:82) 89
972 2044 (7:25) 548
A (1352) 2.61

**In order to better interpret the coefficients of these equations, annualized percentage changes in excess money are uscd

instead of the difference of logs.
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exchange rate is significantly affected by the
real price of oil. Real terms-of-trade factors
are beyond the scope of this paper, but they
still remain important.

Money and Long-Term Interest Rates

We obtain quite strong results from the
equations estimating the relationship between
long-term interest rates and the growth in ex-
cess money (Table 5). Relative to the U.S., all
countries show a significant positive relation-
ship between the level of the interest-rate dif-
ferential and the growth rate in excess
money.”

The link reflects the fact that changes in long-
term interest rates are due primarily to
changes in long-run inflation expectations,
which in turn are based on expected future
excess-money growth. Forecasts of future
money growth often depend on the pattern
and size of current and past money-growth
rates. Therefore we obtain a significant statis-
tical correlation between the level of the long-
term interest differential and current and past
growth rates of excess money. The t-statistics
on the sum of lag coefficients ranged from just
under 2 for France to more than 8 for Japan.

Before adjustment for autocorrelation, the
DW statistics were extremely low, suggesting
that important variables were omitted from the
equation—and indeed, we excluded from our
equation other data which individuals might
use to forecast future money growth and future
inflation. Nonetheless, these results and the
money-price results confirm the relationship
between excess money-growth differentials on
the one hand, and current and expected future
inflation differentials on the other.

Money and Short-Term Interest Rates

Our empirical results reflect the ambiguity of
our theoretical argument, that an increase in
excess money can simultaneously have a lig-
uidity effect which reduces short-term rates
and an inflation expectations effect which in-
creases short-term rates (Table 6). In the cases
of France and Switzerland, the liquidity effects
dominate initially; in the cases of Germany
and Japan, the results are not significant, re-
flecting offsetting effects; and in the case of It-
aly, the inflation-expectation effect dominates
initially. The evidence (except for France) also
supports our theory that countries with the
greatest liquidity effects would show the larg-

Table 6
Relationship of Short-term Interest Differential and Changes in Excess Money, 1975-78**

(R - R), = d,' + SdAME* - ME),

Total 2 Lagged
Country No. Lags Constant Coefficients Re? S.E.R. Rho D.W. Lag Pattern*
France 15 . :f'f)) (:0.6113) 881 7847 (20:?2) 1.98
Germany 15 (”_6?24% ( _‘1'_35(2) 903 5464 (3gi jgg) 1.82
ltaly 21 (‘_132_'56;) (;:%) 13 12385 (7:;; 172
Japan 24 ( - :‘7’% (132) 958 6729 (28:%) 1.24
Switzerland 24 . EZ;) (7§3) 840 4:33) 2.17

*Shaded areas indicate not significantly different from zero.

t-statistics in parenthesis

**In order to better interpret the coefficients of these equations, annualized percentage changes in excess money are used

instead of the difference of logs.
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est differences between the lags in the price
and exchange-rate equations, and that coun-
tries with large inflation-expectation effects
would show the lags in the exchange rate
closely corresponding with the lags in goods
prices. With the exception of France, the evi-
dence is consistent with this theory. Switzer-
land has a significant initial liquidity effect,
overshooting in the exchange rate, and the
largest difference between the price and ex-
change rate 75-percent-effect lags; Italy has a
significant initial inflation-expectation effect
and the smallest difference in these lags; and
Germany and Japan have insignificant infla-

tion-expectation and liquidity effects. with dif-
ferences in these lags falling between those of
Switzerland and Italy. Switzerland shows a sig-
nificant initial liquidity effect which is accom-
panied by an overshooting of the exchange
rate. France also shows a significant liquidity
effect, but does not show a rapid adjustment
of the exchange rate. This may perhaps be
explained by France’s pervasive system of cap-
ital controls.™ Again, before adjustment for
autocorrelation, the DW statistics were ex-
tremely low in these equations, indicating the
probable omission of systematic explanatory
variables.

V. Summary and Conclusions

It has long been believed and is now widely
accepted that exchange rates in the long run
will be determined by purchasing power parity.
That is, the exchange rate will be largely de-
termined by equilibrium conditions in the
goods market. Because of the slow adjustment
of this market to economic disturbances, it was
generally assumed that the exchange rate
would also adjust relatively slowly. In fact,
however, variations in the exchange rate have
been considerably greater than variations in
prices across countries.

These facts have not shaken most analysts’
views about the long run validity of purchas-
ing-power parity. As Figure 1 indicates, ex-
change rates do, in fact, move in line with the
ratio of national price levels over the long run.
However, the relatively large short-run devia-
tions from purchasing-power parity require an
explanation. In analyzing short-run move-
ments in exchange rates, most analysts focus
on the role of interest-rate parity. Interest-rate
differentials across countries can influence cap-
ital flows and thus exchange rates.

Research in this area has focused on the use
of money-market equilibrium models for in-
terest-rate determination (see, for example,
Dornbusch 1976). Given lags in the adjust-
ment of the goods market, an increase in the
supply of money, in these models, will neces-
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sarily lead to a decrease in interest rates (so-
called liquidity effect) and thus to a temporary
decline of the exchange rate below its long-run
equilibrium value. Later, as the goods market
responds to this monetary disturbance, interest
rates will gradually rise and the exchange rate
will appreciate back to its long-run value. This
temporary overshooting leads to greater vari-
ation in exchange rates than in the ratio of
national price levels.

In this article, we evaluate the short-run re-
lationship between interest rates and exchange
rates. In our short-run model, interest rates
are determined in the bond market, rather
than in the money market. This circumstance
permits a wider range of interest-rate re-
sponses to a monetary disturbance.

An increase in the money supply can have
both a short-run liquidity effect and a short-
run inflation-expectation effect (Figure 2).
These effects have opposite implications for
interest rates. 1) If the liquidity effect is dom-
inant, then short-run interest rates will decline
and there will be exchange-rate over-shooting.
2) If the inflation-expectation effect is domi-
nant, then interest rates will rise and the ex-
change rate will move slowly to its long-run
equilibrium value. 3) If the liquidity and infla-
tion-expectation effects are equal, there will
be no change in short-term interest rates and




the exchange rate will move immediately to its
long-run value.

A comparison of the U.S. experience, vis-a-
vis five major industrial countries, shows that:
1) For all countries, there is a statistically sig-
nificant relationship between the monetary dis-
turbance on the one hand, and exchange rates
and the ratio of national price levels on the
other.

2) There is no statistically significant differ-
ence between the long-term effects of a mon-
etary disturbance on the ratio of national price
levels and on exchange rates,.

3) The exchange rate responds on the av-
erage much more quickly than the ratio of
national prices to a monetary disturbance.

4) In only one country (Switzerland), is

there evidence of exchange-rate overshooting
in the short run. In three countries {(Germany,
Japan, Italy), the exchange rate moves quickly
to its equilibrium value without overshooting,
and in one country (France), exchange-rate
movements were roughly in line with price
movements.

The analysis and research in this paper show
that interest rates do, in fact, play an impor-
tant role in short-run exchange-rate move-
ments. However, it is the equilibrium condi-
tions in the bond market (not the money
market) which determine short-term interest
rates and thus exchange rates. These interest-
rate movements are the source of greater
short-run variations in exchange rates than in
the ratio of national price levels.

APPENDIX
Description of Statistics

t-statistic on the coefficients: The t-statistic,
which is equal to the ratio of the coefficient to
its estimated standard error, is a key determi-
nant of the statistical significance of the inde-
pendent variable in explaining movement of
the dependent variable. In our equations, a t-
statistic greater than about 2 in absolute value
indicates that the corresponding coefficient is
significantly different.from zero at the 95-per-
cent coefficient level. t-statistics are calculated
on each lagged coefficient and also on the sum
of all lagged coefficients. The t-statistic on the
sum, which is reported in the tables, tells us
whether or not the long-run effect of the in-
dependent variable is significant in explaining
movement in the dependent variable.

Adjusted R*(R?): The R? tells us how much
of the variance in the dependent variable can
be explained by the variance in the independ-
ent variables, after adjusting for the number
of observations and the number of independ-
ent variables. The R can be a misleading mea-
sure of goodness of fit if it is used to compare
equations estimated in different dimensions,
such as level and percent-change form. The R’
will usually be much lower in the change form
than the level form, because of greater random
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variation relative to the systematic variation in
the change form than in the level form. In this
case, a better measure of goodness of fit is the
standard error of the regression.

Standard error of the regression (SER): This
is another measure of the explanatory power
of the equation. It measures the degree to
which the estimated values of the dependent
variable differ from the actual values. Given
a normal distribution of errors, we would ex-
pect that the fitted value of the dependent var-
iable would be within one standard error {plus
or minus) of the actual value 66 percent of the
time.

Durbin-Watson statistic (DW): This statistic
tests for first-order autocorrelation, i.e. sys-
tematic errors in the estimated equation. A
common cause of systematic error is the omis-
sion from the equation of at least one signifi-
cant explanatory variable. For our particular
equations, DWs of greater than 1.6 indicate,
with 95-percent confidence, a lack of positive
autocorrelation. In testing for negative auto-
correlation, DWs of less than 2.4 indicate, with
95-percent confidence, a lack of negative cor-
related errors. If the DWs fall between 1.2 and
1.6 or between 2.4 and 2.8, then the respective



tests of autocorrelation are indeterminate—
that is, we cannot conclude from the tests
whether or not systematic errors are present.
DWs of less than 1.2 indicate significant posi-

tive first-order autocorrelation,
greater than 2.8 indicate significant negative
first-order autocorrelation of the errors.

and DWs

FOOTNOTES

1. These models usually have involved analyses of the
effects of changes in inflation expectations. In the monetary
approach, a rise in inflation expectations will reduce the real
demand for money, putting additional upward pressure on
prices which is initially observed in the foreign-exchange
rate. In the portfolio approach, a change in inflation expec-
tations, operating through the bond market, will reduce the
desired holdings of assets in the inflating currency and thus
affect the exchange rate. The monetary approach assumes
prompt adjustment in the goods market to a monetary dis-
turbance which is observed in the exchange rate but (be-
cause of measurement error) not observed in price indexes.
In the portfolio approach, goods markets presumably adjust
with a lag, but the bond market responds immediately and
thus affects the exchange rate. Either of these approaches
could explain a short-run exchange-rate change which is
greater than observed changes in the ratio of national price
levels. Both approaches accept implicitly or explicitly the
assumption of long-run purchasing-power parity.

2. For an opposing viewpoint on currency substitution and
a discussion of the effects on the exchange rate, see Wai-
lace (1978, 1979).

3. The terms of trade measure the long run value of one
country's goods in terms of the value of another country’s
goods, e.g., how -many bushels of U.S. wheat it takes to
“purchase” one Japanese TV set. A change in the terms of
trade could be caused by a change in technology, the dis-
covery of new sources of raw materials, or a substantial
change in relative prices of important commodities, such as
a rise in the price of oil. We assume here that terms of trade
changes are independent of monetary factors.

4. Equation 8 assumes that risk premiums are equal across
countries. This is done for simplicity and is not necessary
for the model. All that we really need to assume for the
model to hold is that these risk premiums are constant
across time, i.e, r=r"+c. We are not attempting in this
paper to model the consequences of long run changes in
the real interest rate.

5. Equation 9 can be derived as follows:

R=AP + 5a)
R* = AP + 1 5b)
AS* = AP*® — AP 7)
r=rr 8)

Substituting 5a) and 5b) into 8 we get:

orR — AP* = R* — AP®
orR = R* — (AP® — AP%

Substituting equation 7 into this, we arrive at equation 9:
R =R - AS® 9)

6. This topic is discussed in Bilson (1979).
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7. Even in the long run, the relationship will not be exact,
because price indexes in two different countries will not
necessarily have the same weights. That is, even if individ-
ual goods are priced the same in two countries, the price
indexes may not necessarily have the same value in the
two currencies because of differences in the composition of
the indexes. To minimize these cross-country measurement
problems, wholesale rather than consumer prices are used
here. Furthermore, the existence of long-run purchasing-
power parity does not imply anything about the direction of
causality, the theory only requires that prices and exchange
rates move together. Not only will prices affect exchange
rates, but exchange rates will also affect prices. The crucial
factor determining both prices and exchange rates is the
difference in excess money growth between countries.

8. See Carr and Darby (1977) and Tucker (1971).

9. Charles Pigott discusses these lags in his articie in this
issue, “Expectations, Money and the Forecasting of Infla-
tion.”

10. The market-adjustment lag also includes the time it
takes for a monetary disturbance, once recognized, to alter
individuals’ behavior. This lag arises because each individ-
ual tends to economize on decisions and transactions, and
thus changes his behavior only periodically, even after the
monetary change is considered permanent. On the aggre-
gate level, this implies a gradual change in demand and
supply.

11. A large number of organized, auction-type markets ex-
ist, where a large number of buyers and sellers trade a
single homogeneous product, and where the costs of hold-
ing inventories and transporting the product are not prohib-
itively high. {The importance of these conditions is illustrated
by the case of GNMA vs, regular mortgages. The creation
of GNMA mortgages served to homogenize the product and
enable the establishment of both spot and future markets.
See Froewiss, 1978.) These requirements are most appli-
cable to financial assets. A large number of secondary mar-
kets have been organized for trading in stocks and bonds,
and there are also organized markets—foreign exchange
markets—for the buying and selling of national currencies.
There are also auction-type markets for certain goods, pri-
marily raw commodities such as wheat and soy beans. In
general, however, most assets are ‘raded on organized
auction-type markets while most goods and services are
not.

12. Adjustment lags for most goods prices are frequently
attributed to the existence of fixed purchase-and-sale con-
tracts. The existence of contracts per se does not cause
these adjustment lags; after all, bonds represent fixed con-
tracts also. Rather, the lags are due to the fact that these
contracts are non-negotiable, i.e., no organized market ex-
ists for the purchase and sale of contracts for such goods.




13. Actually, a large enough change in one or two of these
factors could reverse the sign(s), of the effects on the other
factor(s), while still maintaining money-market equilibrium.

14. See Tucker (1971).

15. Equation 9 is a covered arbitrage condition only if ASe
is interpreted as log F — log S, where F is the forward
exchange rate. Equation 9 then represents covered or
closed interest parity. For this paper, we only assume that
ASe is the expected appreciation, log S¢ — log S. If the
forward rate is equal to the expected future spot rate then
this will be a covered arbitrage condition, and if not equation
9 represents uncovered or open interest parity. See Frankel
(1979) for a further discussion.

16. One additional short-run effect is not mentioned explic-
itly in the text. The permanent increase in the long-run
expected inflation rate, and thus in the long-run interest rate,
will cause a one-time reduction .in the level of real money
demand (due to movement along the money-demand
curve). Thus, a permanent increase in the rate of growth
of money will result in an additional one-time increase in
the level of prices and a one-time decrease in the level of
the exchange rate. To our knowledge, the quantitative im-
portance of this effect has not been estimated.

17. For an example of an attempt to distinguish between
anticipated and unanticipated money-supply changes see
Barro (1978).

18. The relative magnitudes of expected and unexpected
money changes for each country may be estimated roughly
by examining the ranking of the means and variances of
changes in excess-money ratios. The means give us an
approximation of average expected excess-money growth
over the estimation period, and the variances around the
mean give us an approximation of unexpected excess
money. We discovered, however, that the rankings of the
means were approximately the same as the rankings of the
variances—i. e., those countries with higher means also
had higher variances of excess-money growth. Thus, the
ranking of the unexpected relative to the unexpected re-
mained indeterminate.

19. We calculated the change in excess-money supply in
any month as equal to the change in hominal money supply
in that month minus the change in the 36-month moving
average in real balances. We used averages between 60
and 24 months for estimating the Japan/U.S. equations and
the results were not sensitive to the length of the moving
average, except at the short end.

20. Because of the lack of earlier data, the estimation pe-
riod for the Japanese long-run interest equation was 75.02
to 78.12. Because of the closing of the ltalian foreign-
exchange market in February-March 1976, a dummy vari-
able was used in the ltalian price equation {(equal to 1 in

Mar./April 1978, and zero elsewhere) and in the ltalian ex-
change-rate equation (equal to 1 in February-April 1976 and
zero elsewhere).

21. In the text we focus on whether or not the coefficients
in the price and exchange-rate equations are different from
each other. While the two sum coefficients for each country
are not statistically different from each other, a number of
them are significantly different from one. Given the funda-
mental postulate of neutrality of money, how is it possible
for monetary disturbances to have more than a proportion-
ate effect (i.e., coefficients greater than one) on prices and
exchange rates? Changes in the excess-money supply may
perhaps be measured improperly, either because of an in-
appropriate definition of nominal money supply or because
of an inappropriate measure of real money demand. Since
money-supply data are available from standard statistical
sources, and since money demand here is derived artifi-
cially as a 36-month moving average of the real money
stock, the most likely source of error probably arises from
the demand side. For example, current increases in money
growth may generate expectations of similar future in-
creases, and may therefore raise infiation expectations. This
would cause people to economize on cash balances, i.e.,
reduce the quantity of money demanded. We have tried to
account for this by using “excess money” instead of actual
money, but our variable probably did not totally capture this
effect. Consequently, we would expect the coefficients to
be larger than one in both the exchange-rate and price
equations. Pigott, in his article in this issue, discusses other
reasons why these coefficients may be greater than one.

22. 1t was assumed for the t-test on the difference of the
long run coefficients that this difference was normaily dis-
tributed with variance estimated by the sum of the estimated
variances of the coefficients minus twice their covariance.
Their covariance was estimated by the correlation between
the errors of the equations times the product of the esti-
mated standard errors of the coefficients.

23. The French coefficient is significant only at the 90 per-
cent confidence level.

24. Capital flows from France are subject to exchange-con-
trol approval, and are generally restricted. In the long run,
most of the controls may be circumvented, but a complex
system of administrative regulations still makes capital
transactions very cumbersome. (See IMF, 1979.) This im-
plies that adjustment of the exchange rate must occur
through pressures which develop in the goods market rather
than in the asset market. This is probably the reason why
the French exchange rate adjusts at virtually the same
speed as prices to a monetary disturbance, despite the
existence of a liquidity effect in the short-term interest-rate
equation.
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