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T^he efficacy of the flexible exchange-

rate system that has been in place since 

1973 remains a point of contention, with 

some analysts questioning whether this system 

is functioning properly. Many economists are 

skeptical of the idea of government-managed 

exchange rates, while others reject the idea of 

leaving these rates to be determined solely by 

market forces. This article tests real exchange-

rate data for five U.S. trading partners to deter-

mine if at least part of the movements of these 

rates over time can be anticipated or if this 

activity occurs in an entirely random fashion. 

This question has important policy implications 

for the nations that are now involved in trying to 

control exchange rates or for anyone evaluating 

exchange-rate systems. 

Opponents of flexible exchange rates claim 

that, under the current system, exchange rates 

are excessively volatile; in this view, currency 

values frequently move far away from levels that 

would be justified by economic fundamentals 

and remain at a distance for prolonged periods 

of time in a state one specialist calls "misalign-

ment." According to another expert, the dollar 
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was undervalued in the late 1970s and over-

valued in the mid-1980s. In his opinion, the 

earlier period of undervaluation gave U.S. trad-

able good industries an artificial boost in their 

competitive position vis-a-vis foreign rivals, 

thus encouraging excessive and wasteful invest-

ment in that sector. By contrast, the time of over-

valuation shifted the competitive advantage to 

foreign firms, resulting in plant closures and 

bankruptcies in American tradable good in-

dustries. 

Determining whether an exchange rate is 

undervalued, overvalued, or at equilibrium is a 

key issue in evaluating the hypothesis that the 

market is often misaligned. According to the 

doctrine of purchasing-power parity, the value 

of an exchange rate that is consistent with 

economic fundamentals is linked closely to the 

ratio of domestic to foreign price levels; if 

domestic prices rise more than those abroad, 

the home nation's currency should depreciate 

proportionally. Both Ronald I. McKinnon (1984) 

and, to a lesser extent, John Williamson (1983) 

rely on purchasing-power parity in estimating 

the long-run equilibrium value of exchange 

rates. The two researchers advocate govern-

ment intervention to keep exchange rates from 

moving too far from this equilibrium value. 

Today's flexible exchange-rate system, under 

which the exchange rate of a country's currency 
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This article examines the behavior of real exchange rates since the move to generalized f l o a t i n g i n 1973. 

Contrary to some previous research f i n d i n g s , the author concludes that the inflation-adjusted exchange rate 

does not follow a random walk and can be expected to return, over time, to some long-run e q u i l i b r i u m level, 

as posited by purchasing-power p a r i t y . 

in terms of other nations' currencies is deter-

mined by market supply and demand, has been 

in effect since 1973. Factors that affect each 

currencies' supply and demand include infla-

tion and interest rates relative to those abroad 

as well as the environment for future changes in 

exchange rates. Before 1973, a fixed exchange-

rate system was in effect; under this system 

governments intervened in the markets regu-

larly, buying or selling currencies to keep ex-

change rates pegged at levels set by inter-

national agreement. 

Prior to the 1973 breakdown of the Bretton 

Woods system of fixed exchange rates, support-

ers of flexible rates contended that such a sys-

tem would not result in highly erratic rate 

movements. Instead, they argued that rates 

would usually move slowly in response to grad-

ual changes in fundamental economic circum-

stances; Harry G. Johnson (1969) cited the 

example of the Canadian dollar, which floated 

from 1950 to 1962 without experiencing severe 

instability. 

However, early in the flexible exchange-rate 

era, it became obvious that month-to-month or 

quarter-to-quarter changes in market exchange 

rates were large and rarely in accord with 

purchasing-power parity. Nevertheless, the par-

ity concept continued to be used as a founda-

tion for many theories of exchange-rate be-

havior, on the assumption that, in the long run, 

foreign currency rates should follow at least 

approximately the path of relative price levels. 

Some recent empirical tests imply, however, 

that purchasing-power parity is not a viable con-

cept even over the very long term. These stud ies 

focus on the long-run behavior of the real ex-

change rate, which is the market exchange rate 

adjusted for domestic and foreign price-level 

changes and can be regarded as a measure of 

the deviation from purchasing-power parity. If 

an exchange rate's long-run equilibrium value is 

the one given by purchasing-power parity, devi-

ations from this measure should tend to shrink 

through time. The actions of the real exchange 

rate would thus be at least partly forecastable; a 

real exchange rate above the long-run equilib-

rium should tend to fall, and a rate below 

equilibrium should tend to rise. 

Richard Roll (1979), Jacob A. Frenkel (1981b), 

Michael Adler and Bruce Lehmann (1983), and 

others, however, are unable to reject the hy-

pothesis that the real exchange rate is a random 

walk. A variable is said to be a random walk if its 

value tomorrow equals its value today, plus a 

random error that cannot be forecast using 

currently available information. If the real ex-

change rate is a random walk, no long-run 

equilibrium value exists to which the rate tends 

to return, and, far from shrinking, the expected 

FEDERAL RESERVE BANK OF ATLANTA 19 

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis

July 1989



deviation from purchasing-power parity becomes 

unbounded in the long run. In this case, the wis-

dom of market intervention to keep exchange 

rates in line with purchasing-power parity is 

questionable, because purchasing-power pari-

ty can no longer serve as a feasible gauge of 

long-run equilibrium. 

Because of its far-reaching policy implica-

tions, the claim that the real exchange rate is a 

random walk has been tested repeatedly in the 

years since the studies mentioned above. Robert 

E.Cumbyand Maurice Obstfeld (1984), Jeffrey A. 

Frankel (1985), John Huizinga (1987), and Gra-

ciela Kaminsky (1987) have been able to reject 

the random-walk hypothesis in some instances. 

Moreover, although Craig S. Hakkio (1984, 1986) 

is unable to reject the hypothesis, he demon-

strates that, if in fact the exchange rate differs 

modestly from a random walk, standard tests 

are very likely to favor the random-walk hypoth-

esis even if it is false. 

In a more general context, Christopher A. 

Sims (1988) proposes a new statistical test that 

is designed to be especially sensitive in deter-

mining whether a variable is a true random walk 

or returns to equilibrium after a long lag. This 

article applies the Sims test to real exchange-

rate data for five industrialized countries. The 

results suggest that the real exchange rate is not 

a random walk and that, though deviations from 

purchasing-power parity may persist for a num-

ber of years, they are not permanent. This article 

begins by providing background information on 

purchasing-power parity and how it might be 

used in a system of target zones for exchange 

rates. Next, statistical tests for random-walk 

behavior are applied to monthly data on real 

exchange rates from the current period of flex-

ible exchange rates. The results are sum-

marized in the conclusion. 

An Overview of 
Purchasing-Power Parity 

As mentioned in the introduction, according 

to the purchasing-power parity theory, general 

price measures and exchange rates are closely 

linked. To a considerable extent, purchasing-

power parity can be regarded as an extension 

of the quantity theory of money to an open-

economy setting. This extension was first made 

by Gustav Cassel, a prominent Swedish econo-

mist who coined the phrase purchasing-power 
parity. He argued that, during World War I, the 

amount of money in circulation had expanded 

by varying amounts in different countries. The 

percentage growth of the quantity of dollars in 

circulation in the United States, for instance, 

was considerably smaller than the percentage 

growth of the quantity of francs in circulation in 

France. This disparity led to divergent increases 

in price levels. As a result, prewar exchange 

rates were not consistent with equilibrium in 

the 1920s.' 

In its absolute version, purchasing-power 

parity holds that the equilibrium level of the 

exchange rate should equal the ratio of the 

domestic to the foreign price level. The relative 
version states that changes in the equilibrium 

exchange rate should mirror changes in the ratio 

of domestic to foreign price indexes.2 Suppose, 

for example, that the price level doubles inside 

Germany, while U.S. prices remain unchanged. 

In that case, the amount of real goods and ser-

vices that could be purchased in the United 

States with one dollar would be the same as 

before. Purchasing-power parity implies that, to 

achieve long-run equilibrium, the exchange rate 

(measured in marks per dollar) would have to 

doub le from its initial value, such that the 

purchasing power of one dollar spent in Ger-

many (after conversion into marks) would stay in 

line with the dollar's purchasing power in the 

United States. 

Most of the recent empirical work has focused 

on relative purchasing-power parity, which can 

be represented as follows: 

< - e 0 = (P't - - (Pt - P0), (I) 

where e* is the log of the equilibrium exchange 

rate, expressed as units of foreign currency per 

unit of home currency, at time /; P, is the log of 

the price index for the home country, at time /'; 

and P* is the log of the price index for the foreign 

country, at time /'. 

This equation reflects three logically distinct 

properties of purchasing-power parity: exclu-
siveness, meaning that no variables other than 

prices are needed to explain changes in the 

equilibrium exchange rate; symmetry between 

the domestic and foreign country; and propor-
tionality, meaning that shifts in prices are as-
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sociated with equ¡proportional changes in the 

equilibrium exchange rate.3 

As represented in equation (I), purchasing-

power parity is a rarity in economics, a theoreti-

cal relationship with no unknown parameters. 

Its simplicity explains its frequent use in making 

informal estimates of the equilibrium value of 

exchange rates following major disturbances, 

such as World War I.4 

Critics of the flexible exchange-rate system 

claim that governments should try to keep ex-

change rates from moving too far from their long-

run equilibrium, as they allegedly have done in 

recent years. McKinnon (1984) advocates inter-

national monetary coord ¡nation—by the United 

States, West Germany, and Japan—to stabilize 

exchange rates within a 10 percent band of 

purchasing-power parity. He suggests achieving 

this goal through modest changes in money-

supply targets that would be coordinated to 

produce steady growth in the total money sup-

ply of the three countries; for instance, if the 

dollar were tending to fall below purchasing-

power parity vis-a-vis the Japanese yen but not 

the German mark, McKinnon's plan would re-

quire the Federal Reserve to slow money growth 

and the Bank of Japan to speed it up, with no 

change by West Germany.5 McKinnon (1988) 

recently modified his earlier proposal by de-

emphasizing the need for steady growth of the 

total money supply in the three countries; in-

stead, to keep the nominal price of tradable 

goods roughly constant, he advocates varying as 

necessary the average money-supply growth 

rate in West Germany, Japan, and the United 

States. The economist describes this system as 

an international gold standard without gold. 

Williamson claims that governments should 

keep the market exchange rate near the "fun-

damental equilibrium exchange rate," which he 

defines as the rate expected to generate a 

current-account surplus (or deficit) that over the 

course of a business cycle is consistent with the 

economy's long-run capital outflow (inflow). 

Purchasing-power parity is a major, but not the 

sole, determinant of Williamson's fundamental 

equilibrium exchange rate. In particular, he 

argues that major real shocks, like Britain's dis-

covery of North Sea oil or significant OPEC-

related price swings, produce discrepancies 

between purchasing-power parity and funda-

mental equilibrium exchange rates. Although 

such shocks complicate the calculation of the 

basic equilibrium exchange rate, Williamson 

asserts that it is still possible to estimate the 

fundamental equilibrium with sufficient accu-

racy for use as a target for exchange-rate policy. 

In particular, he proposes that governments set 

exchange-rate target zones, which would con-

tain the estimated fundamental equilibrium ex-

change rate plus a margin of plus or minus 10 

percent to allow for measurement error in 

determining the fundamental equilibrium. Un-

der Williamson's proposal, governments would 

be committed to using monetary policy and 

exchange-market intervention to try to keep the 

market exchange rate within the target range. 

Accordingly, the proposals of McKinnon and 

Williamson require an estimate of the exchange 

rate's long-run equilibrium value to serve as a 

target for policy. In both proposals, the correct-

ness of the estimate depends heavily on the 

validity of purchasing-power parity in the long 

run, but empirical evidence on purchasing-power 

parity is decidedly mixed. Tests of the val id ity of 

purchasing-power parity and some other rele-

vant methodology are described on page 23. 

Recent Behavior of Key 
Real Exchange Rates and 
the Random-Walk Hypothesis 

As shown in the box on page 23, calculating 

the real exchange rate (Rt) is simple because 

each of its components is an observable vari-

able. Table I gives summary statistics on key 

real exchange rates. Using the United States as 

the base country, data were calculated for five 

other industrialized nations: the United King-

dom, France, West Germany, Switzerland, and 

Japan. The span of time covered, June 1973 to 

May 1988, includes most of the period of flexible 

exchange rates, and the data have been scaled 

to make the value of R t in June 1973 equal zero. 

Because the data are in logs, the mean rep-

resents the average discrepancy in percent over 

the entire period between the real exchange 

rate and its value in June 1973. For example, the 

mean for West Germany is 13.2 (see Table I), 

implying that the dollar was, on average, 13.2 per-

cent more val uable relative to the German mark 

than it had been in June 1973. 
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Table 1. 
Summary Statistics for Real Exchange Rates, 

June 1973 to May 1988 

Country 

Mean 
Percentage Variation* 

(June 1 9 7 3 = 100) 

Standard 
Deviation 
(percent) Maximum Minimum 

United Kingdom -1.6 14.7 37.2 -35.3 

France 10.3 18.2 55.9 -16.9 

West Germany 13.2 19.5 61.8 -14.7 

Switzerland -11.1 16.8 30.7 -47.0 

Japan -15.2 17.2 8.6 -57.1 

* The mean represents the average discrepancy in percent over the entire period between the real exchange rate and its 
value in June 1973. 

Source: Computed at the Federal Reserve Bank of Atlanta from data published in International Financial Statistics. 

The second column of the table gives the 

standard deviation, which is a measure of dis-

persion around the mean. This indicator shows 

that real exchange rates have exhibited con-

siderable variation; West Germany's rate had a 

standard deviation of 19.5 percent, meaning 

that roughly one-third of the time its real ex-

change rate was more than 19.5 percent away 

from its average value. 

The last two columns of Table I report the 

maximum and minimum values reached by each 

real exchange rate during the period covered. In 

all five cases the swing from the high to the low 

was at least 60 percent, thus reinforcing the con-

clusion that exchange rates fluctuate consider-

ably. By contrast, if purchasing-power parity 

held exactly each month, real exchange rates 

would have been constant. 

Charts 1 through 5 provide time plots of the 

five real exchange rates. Casual inspection sug-

gests the sharing of some determinants. The 

most striking common feature is the peak in 

early 1985 that is especially pronounced for the 

four European currencies. The dollar's high 

value then made foreign and imported goods 

quite inexpensive for Americans. As for low 

points for the dollar, a noticeable trough is 

apparent for West Germany, Switzerland, and 

Japan in October 1978, when the U.S. currency 

was near its low for the period versus the British 

pound and the French franc as well. 

Note also that the charts provide no evidence 

that exchange-rate volatility is shrinking. At the 

time of the breakup of the Bretton Woods sys-

tem in 1973 it was sometimes suggested that 

exchange-rate volatility would diminish after 

the flexible exchange-rate system had been in 

place for a while and market participants had 

learned about and adjusted to the new environ-

ment. If anything, the data showthe reverse ; real 

exchange rates swung more sharply in the past 

five years than in the early years of floating. 

The charts also provide information about the 

autocorrelation properties of the error terms. In 

each plotting, the average value of R( is rep-

resented by the horizontal line labeled "mean," 

which is an estimate of the constant term a in 

equation (5). When the real exchange rate is 

above or below its mean, it usually remains on 

that side of the mean for a number of months, 

implying that the error terms exhibit substantial 

positive autocorrelation. 

If the error term is stationary, the constant a— 

that is, the approximate level indicated by the 

horizontal line within each of the charts—can be 

interpreted as the long-run, permanent level of 

the real exchange rate; the error term, which 

equals the deviation from purchasing-power 

parity, represents temporary (though perhaps 

lengthy) departures from that long-run level. If 

the real exchange rate is observed at a particular 

time, the best forecast of its future path is 

gradual movement toward its long-run equilib-

rium, a; the speed of adjustment toward a will 

depend on the extent of the autocorrelation in 

the error term. 
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The Validity of the Purchasing-Power Parity Concept 

To test the validity of the purchasing-power 

parity principle, equation (I) on page 20 is altered 

by substituting observed market exchange rates 

for the unobservable equilibrium exchange rates-, 

in addition, because purchasing-power parity is 

not expected to hold exactly, a random error term 

is included. Moreover, the coefficient on the price 

indexes is treated as an unknown parameter rather 

than a known constant, and the initial values of the 

exchange rate and the price indexes are usually 

collected into a constant term, producing the 

transformed equation 

et = a + p (P* - Pp + ut (2) 

where e t is the market exchange rate at time t, a is 

the constant term, (5 is a coefficient to be esti-

mated, and ut is the error term in period t. 

A common empirical test of the validity of 

purchasing-power parity involves estimating the 

coefficients a and P in equation (2) using a regres-

sion framework with monthly, quarterly, or annual 

time series data on et,Pt, and P*; if the hypothesis 

P = I cannot be rejected at standard significance 

levels, that would be interpreted as confirmation 

of purchasing-power parity.1 This test focuses on 

the proportionality property of purchasing-power 

parity: the degree to which shifts in prices are 

associated with equiproportional changes in the 

equilibrium exchange rate.2 

Unfortunately, regressing e f onto (P* - Pf) glides 

over several important issues. One question is 

whether et or (Pt - Pp should be the independent 

variable—the one on the right-hand side—in the 

regression. From an econometric perspective, the 

variable on the right-hand side should be uncor-

rected with the omitted variables subsumed in 

uf; otherwise, P will be biased. However, purchasing-

power parity was formulated long before modern 

econometrics, and it provides few hints to answer 

this question.3 

In addition, when e t is regressed onto (P* - Pt), 

the estimated residuals (the ut's) almost always 

exhibit severe positive autocorrelation.4 If the 

residuals are autocorrelated, the estimated stan-

dard errors of coefficients will be biased down-

ward, thus leading one to think that the coef-

ficients have been estimated more precisely than 

they really are. 

The usual "fix" for the problem of autocorre-

lated residuals has been to difference the data— 

that is, if Yt is the original data series, to create the 

differenced series, Zt = Y{ - Yt _ This treatment 

focuses the analysis on changes in the original 

series, instead of levels, and transforms equa-

tion (2) into the following: 

+ u t - u t _ v (3a) 

or 

Ae t = p (AP* - APt) + Tif. (3b) 

where r]t = u t - u f _ ,. 

As before, the usual test of purchasing-power 

parity involves regressing Ae f onto (AP* - APf)in 

order to test whether or not P = I, thereby focus-

ing on the symmetry and proportionality proper-

ties of purchasing-power parity. The key differ-

ence is that, with (3b), rjt is assumed to satisfy the 

ideal conditions for regression analysis—that the 

errors be independent, identically distributed, 

normal random variables with mean zero and a 

constant variance—whereas in regression esti-

mates of equation (2), ut is assumed to satisfy the 

ideal conditions, or at least to be stationary. The 

requirement of stationarity limits how much the 

behavior of a random variable can change through 

time; it means that in a fundamental way, the 

future behavior of the variable is similar to the 

past.5 

Regression tests involving equation (3) are still 

subject to the problem of choosing the depen-

dent variable, but the problem of autocorrelated 

residuals is much reduced. However, a subtle but 

important difference exists between the formu-

lations in (2) and (3). 

If the true value of P is one, as posited by 

purchasing-power parity, the error term ut is equal 

to the deviation from purchasing-power parity; u f 

would be zero in all time periods if purchasing-

power parity (equation 111) held exactly. Taking 

first differences to derive equation (3) suggests 

that ut has a unit root and hence is nonstationary.6 

Having a unit root would imply that even if the test 

yielded an estimate of one for P in equation (3)— 

which would seem to confirm purchasing-power 

parity—deviations from it (the ut's) would not tend 

to shrink over time. If deviations from purchasing-

power parity do not tend to shrink as time passes, 

purchasing-power parity loses its interpretation 

as the long-run equilibrium level of the exchange 

rate. 

In recent years, an alternative approach to test-

ing purchasing-power parity has developed; this 
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newer method does not a t tempt to study the sym-

metry and proportionality properties but instead 

seeks to discover whether the exchange rate even-

tually returns to a level consistent with purchasing-

power parity. The alternative approach focuses on 

the behavior of the real exchange rate, which can 

be def ined as follows: 

Rt = e t - P* + Pt, (4) 

where et, P*. and Pt are as def ined earlier. 

The variable Rt is called the real exchange rate 
because it provides a measure of a currency's 

purchasing power at home, in terms of real goods 

and services, relative to its real purchasing power 

abroad. As def ined here, an increase in Rt means 

greater purchasing power abroad for the home 

currency than it can purchase at home. Because 

each of the variables on the right-hand s ide of 

equation (4) is observable, calculating Rt is straight-

forward. 

If the symmetry and proportionality properties 

of purchasing-power parity are true, implying that 

(5 is one, but the relationship does not hold exact-

ly, implying that the deviations from purchasing-

power parity (the ut's) are nonzero, equat ions (2) 

and (4) can be comb ined to yield 

Rt = a + ut. (5) 

Hence, a close connection exists between the real 

exchange rate and deviations from purchasing-

power parity. Moreover, if u f is a stationary random 

variable with a zero mean, Rt is stationary also with 

a mean of a.7 

N o t e s 

1 The regression procedure uses the data to generate an 
estimate of as well as an estimate of its standard 
error, which is a statistical measure of the range of 
likely values of If these statistics indicate that the 
value I is highly unlikely, the hypothesis p = 1 is re-
jected; otherwise, it is accepted. The significance 
level of the test provides a mathematical measure of 
how certain our conclusion is. 

2In some tests, the domestic and foreign price indexes 
are al lowed to have di f ferent coefficients, thereby 
making it possible to test the symmetry property as 
well. 

3One approach is to perform the regression twice, once 
with e ( on the left-hand side, and once with (P( - Pt) 
on the left-hand side, and then compare the results, as 
in Frenkel (1978). An alternative is to use the technique 
of instrumental variables to try to eliminate the cor-
relation between the independent variable and the 
error term, as in Krugman (19781 and Frenkel (1981a, b). 

''The same problem arises when (Pf - Pf) is regressed 
on ec When residuals exhibit positive autocorrelation 
the residual for period 10 is positively correlated with 
the residual for period 9, the residual for period 9 is 
positively correlated with the residual for period 8, 
and so on. By contrast, standard regression analysis is 

based on the assumption that the residuals are not 
correlated with one another. 

5More technically, a random variable is stationary if it 
has a mean and variance that do not change through 
t ime and are not infinite and if the correlation be-
tween its values at different points in t ime depends 
only on the distance between the points, not on t ime 
itself. For further discussion, see Granger and New-
bold (1977). 

6Having a unit root is a particular form of non-
stationarity. The simple random walk, in which the vari-
able is equal to its own lagged value plus a random 
error that cannot be forecast (that is, Yt = Y( _ , + Vf, 
where Vf is the random error term), is the simplest 
example, but more complex models involving more 
than one lag can contain unit roots as well. Taking first 
differences (that is, if V( is believed to have a unit root, 
creating the differenced series Z t = Vf - Yf _ ,) is a 
standard way of transforming the data in order to 
"remove" the unit root and make it amenable to analy-
sis because the differenced series is stationary. For a 
relatively nontechnical discussion of unit roots, see 
Dickey, Bell, and Miller (1986). 

7The assumption that u t has a zero mean is innocuous 
because the constant term in equation (5) can always 
be redefined. 

If t h e error te rm , ut, h a s first-order pos i t i ve 

au tocor re la t i on , it can b e r e p r e s e n t e d as fol-

lows: 

ut = p ut _ | + 6 t , (6) 

whe re p is t h e au tocor re l a t i on coef f ic ient a n d 

0 < p < 1, a n d e t is a r a n d o m error tha t sat isf ies 

t h e usua l i dea l cond i t i o ns . For a g iven var i ance 

of e t , larger va l ues of p imp l y a " s m o o t h e r " u( 

ser ies a n d a l onger p e r i o d of a d j u s t m e n t for t h e 

real e x c h a n g e r a t e t o re tu rn t o i ts long-run 

e q u i l i b r i u m . 

However , s u p p o s e tha t t h e au tocor re l a t i on 

coef f i c ien t p in e q u a t i o n (6) is e q u a l t o 1 ; t h i s is a 

s i m p l e e x a m p l e of a u n i t root . In th is case, b o t h 

ut a n d Rt a r e n on s t a t i o n a r y , Rt h a s n o f ixed 

m e a n , a n d t h e real exchange ra te b e c o m e s a 

r a n d o m walk, wh ich has ma j o r imp l i c a t i o n s for 
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Chart 1. 
Real Exchange Rate: United Kingdom 

(June 1973 to May 1988) 

The levels of the real pound/dollar exchange rate reflect the sharp dollar depreciation of the late 1970s, the even greater 
appreciation of the early 1980s, and the decline since February 1985. 

Source for all charts: Computed at the Federal Reserve Bank of Atlanta from data published in International Financial Statistics. 

the validity of purchasing-power parity in the 

long run. If Rt is a random walk, then deviations 

from purchasing-power parity are not temporary 

but permanent; the real exchange rate would 

have no tendency to return to a. Moreover, the 

likely size of expected future deviations from 

purchasing-power parity becomes larger with-

out limit as the forecast horizon extends further 

into the future. 

Roll provides a finance-based theory of 

exchange-rate movements which implies that 

the real exchange rate should follow a random 

walk. He argues that his conclusion is consistent 

with purchasing-power parity, and indeed his ap-

proach embodies the properties of symmetry and 

proportionality that are integral to purchasing-

power parity.6 However, as mentioned above, in 

one key respect Roll's analysis is the antithesis 

of purchasing-power parity: if the real exchange 

rate is a random walk, there is no long-run 

equilibrium to which the real exchange rate 

tends to return. 

In empirical work using monthly data from the 

current period of flexible exchange rates, a 

number of authors have tested the hypothesis 

that the real exchange rate is a random walk. 

Roll, Frenkel (I98lb), Adler and Lehmann, Mi-

chael R. Darby (1983), and Frederic S. Mishkin 

(1984) report that they cannot reject this hy-

pothesis.7 By contrast, Cumby and Obstfeld, 

Huizinga, John Pippenger (1986), and Kaminsky 

provide evidence against the random-walk hy-

pothesis, though none rejects it decisively.8 

In a related paper, Hakkio (1986) casts doubt 

on the empirical evidence favoring the random-

walk hypothesis by demonstrating that, if in fact 

the exchange rate differs only modestly from a 

random walk, standard tests are very likely to 

favor this hypothesis even though it is false. In 

particular, for sample sizes similar to those used 

in many studies of exchange-rate behavior, the 

probability of rejecting the random-walk hy-

pothesis when it was false was often less than 

10 percent.9 
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Chart 2. 
Real Exchange Rate: France 

(June 1973 to May 1988) 

Mean 

6/73 10/75 2 /78 6/80 10/82 2/85 6/87 

Probably because of its link with the Deutschemark in the European Monetary System, the French franc's movements have 
been similar in recent years to those of the mark (see Chart 3). 

Accordingly, the existing empirical literature 

suggests either that the real exchange rate is a 

random walk or that it is so close to being a ran-

dom walk that rejecting the random-walk hy-

pothesis is frequently impossible, given the 

amount of data currently available and the 

limited power of the statistical tests that have 

been used. 

random- and near-random-walk behavior in a 

time series. 

To understand Sims' test, consider the follow-

ing simple autoregressive model in which a vari-

able is assumed to be a function only of its own 

lagged values plus a random error term. In 

equation (7) the real exchange rate can be de-

rived by combining equations (5) and (6): 

A New Test of Whether 
the Real Exchange Rate 
Is a Random Walk 

In a recent paper Sims argues that classical 

statistical tests used to determine whether the 

real exchange rate is a random walk, such as the 

test devised by David A. Dickey and Wayne A. 

Fuller (1979) for the presence of a unit root, are 

fundamentally flawed. As an alternative, Sims 

proposes a new test for discriminating between 

IRt - a) = p (Rt _ , - a) + et, (7) 

where ef ~ N (0, o2) 

t= 1 , 2 , 3 . . . 

As noted earl ier, the long-run behavior of the 

real exchange rate is critically dependent on the 

value of the autoregressive coefficient p. If 

0 < p < I, a can be interpreted as the long-run 

value of the real exchange rate and the model is 

stable in the sense that, in the absence of ad-

ditional shocks (et), Rt is expected to move 

smoothly toward its long-run value. In this case, 
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Chart 1. 
Real Exchange Rate: United Kingdom 

(June 1973 to May 1988) 

6/73 10/75 2/78 6 /80 10/82 2/85 6 /87 

Despite the sharp dollar appreciation of the early 1980s and the subsequent depreciation, the Deutschemark/dollar 
exchange rate ended the period not far from its June 1973 level. 

a can be interpreted as the value of the real 

exchange rate consistent with purchasing-

power parity, and (Rt — a) is the deviation from 

purchasing-power parity in period t. 

On the other hand, if there is a unit root 

(p = I), the behavior of the real exchange rate is 

quite different. In this case, the deviation from 

purchasing-power parity does not tend to shrink; 

instead, R t is a random walk. 

Accordingly, the problem for empirical work is 

to make statistical inferences about the value of 

p. Using a classical statistical approach, Dickey 

and Fuller provide a general test of the null 

hypothesis that p = I using statistics generated 

by an ordinary least squares regression of R t 

onto its own lagged value. The standard t-test is 

not appropriate because under this null hy-

pothesis the variance of R t is infinite. 

However, Sims argues that the classical statis-

tical approach is a poor strategy in this situation. 

As an alternative, he proposes a test using the 

Bayesian posterior odds ratio. This procedure 

"adds up" the probability that the true parame-

ter is consistent with the null hypothesis and 

compares it with a similar sum of the probability 

that the true parameter is not consistent with 

the null hypothesis.10 Sims' approach and an 

analysis using it are presented in the box on 

page 29. 

The Sims test was applied to real exchange-

rate data vis-a-vis the United States for the five 

major industrialized countries studied earlier: 

the United Kingdom, France, West Germany, 

Switzerland, and Japan. In all cases, the Sims 

test results favor the hypothesis that the real 

exchange rate is not a random walk. Therefore, 

they lend credence to an important underpin-

ning of the proposals by McKinnon (1984, 1988) 

and Williamson: the real exchange rate does 

have a long-run equilibrium. However, the esti-

mated speeds of adjustment suggest that, dur-

ing the sample period, the return to the long-run 

equilibrium was a slow process. Whether mone-

tary and other policies should be changed to 
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Chart 4. 
Real Exchange Rate: Switzerland 

(June 1973 to May 1988) 

Unlike the Deutschemark, the real Swiss franc/dollar exchange rate ended the period over 30 percent below its June 
1973 level. 

prevent large departures of the real exchange 

rate from its long-run equilibrium, as recom-

mended by McKinnon and Williamson, is an 

issue that is beyond the scope of this article. 

Conclusion 

This research applies a new statistical test to 

evaluate the random-walk hypothesis about 

real exchange rates. If true, this hypothesis 

would imply that deviations from purchasing-

power parity have no tendency to fade away in 

the long run, thus undermining a key element 

that underlies most proposals for government 

action to reduce exchange-rate volatility. Con-

trary to some previous results, this new test 

indicates that for ail the countries examined, 

the real exchange rate does not follow a random 

walk and thus can be expected to return, over 

time, to some long-run equilibrium level. 
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Chart 5. 
Real Exchange Rate: Japan 

(June 1973 to May 1988) 

Over the entire period, the dollar declined 57 percent against the yen—more than against any of the other currencies. 

The Sims Test and the Random-Walk Hypothesis 

To apply Sims' test to the problem of making 

inferences about p in equation (7), take the null 

hypothesis to be p = l and the alternative hy-

pothesis to be p < I. To perform the test one must 

specify a prior distribution, which summarizes the 

investigator's beliefs about the likely value of p 

before analyzing the data. In the case of annual 

economic data, Sims suggests a prior distribution 

for p that spreads probability y—where y is be-

tween 0 and I —evenly on values of p between 0.5 

and I, and gives the unit root (p = l) probability 

(I — y). All other possible values of p are assumed 

to have zero prior probability.1 For more frequent 

data, the value of p should be closer to one; to be 

consistent with the interval (0.5,1) for annual data, 

the interval for p should be (0.84, 1) for quarterly 

data and (0.94, 1) for monthly data. 

Using this prior, it is possible to derive the 

following test criterion; the null hypothesis (p = 1) 

is favored if 

Z > 0, (8) 

where 

Z = 2 log (Up ) - log (a2) + 2 log (1 -2-' / s ) 

- 2 log [<j> (x)| - log (2n) - t2; 

p is the estimate of p obtained from a regression of 

Rt onto its own lagged value-, o p = yj (o2/Z R2 _ ,) 

is the standard error of p;r = (1 - p)/op is the con-

ventional t-statistic for testing p = 1; <J> (x) is the 

cumulative distribution function for the standard 

normal distribution evaluated at x; and s is the 

number of periods per year (for example, 12 for 

monthly data).2 The alternative hypothesis is 

favored if Z < 0. 

In empirical work a p is usually less than 1, imply-

ing that —log (o2) is positive. Smaller values of o p 

induce larger values of -log (c2(, thereby favoring 

the unit-root hypothesis. However, larger values of 

x = (1 - p)/op favor the alternative hypothesis. 
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Because Sims is somewhat skeptical that unit 

roots are common in economic data, he suggests 

using y = 0.8, which implies that the prior proba-

bility of a unit root is (i - y) or 0.2. This prior still 

gives an advantage to the unit-root hypothesis 

because in terms of annual data the point null 

hypothesis (p = I) has the same prior probability 

as the infinite number of points in various intervals 

that are consistent with the alternative hypothesis, 

for example, (0.875 < p < I) or (0.75 < p < 0.875). 

In order to evaluate whether or not the real 

exchange rate is a random walk, the new Sims test 

for the presence of a unit root was applied to 

monthly data from the current period of flexible 

exchange rates. For comparison purposes, the 

classical Dickey-Fuller test was also performed. 

The real exchange rates were constructed from 

data on nominal exchange rates and consumer 

prices in International Financial Statistics (IFS), 

which is published by the International Monetary 

Fund. The sample period began in June 1973, 

several months after the final breakdown of the 

Bretton Woods system and the move to flexible 

exchange rates, and ended in May 1988, thereby 

providing 180 observations.3 

To perform the tests, the log of the real ex-

change rate is first regressed onto a constant and 

its own lagged value, yielding estimates of p and 

op. As expected on the basis of previous empiri-

cal work on the real exchange rate, the resulting 

estimates of the autoregressive coefficient p were 

rather close to 1; for all of these five countries, p 

was in the interval between 0.98 and 1. 

Statistics for testing the random-walk hypothe-

sis (p = I) were then constructed; they are pre-

sented in Table 2. The first column in the table 

presents the statistics from the Dickey-Fuller test: 

t^ = (p — I)/op.
4 To reject the random-walk hy-

pothesis at the 90 percent significance level would 

require that t^ be less than -2.57; this signifi-

cance level means that if the null hypothesis is 

true, there is at most a 10 percent chance of reject-

ing it erroneously. As the table shows, most of the 

valuesoft^are in the vicinity of-1 ¡clearly, none 

of the countries in this sample come close to 

rejecting the random-walk hypothesis on the 

basis of this test. 

What about the Sims test? Recall that the Sims 

test favors the null hypothesis (p = 1) if the test 

statistic Z is positive. The middle column of Table 2 

reports the values of Z for these five real exchange 

rates, which were calculated using the prior dis-

tribution suggested by Sims, with y = 0.8. In all 

five cases Z is negative, implying that the alterna-

tive hypothesis—that the real exchange rate is not 

a random walk—is favored. 

The third column of Table 2 provides a measure 

of how strongly the null hypothesis is rejected. 

Using the estimates of p and op, one can calculate 

the smallest prior probability on the null hypothe-

sis, (1 — y*), that would be necessary in order to 

force the Sims criterion to favor the random-walk 

hypothesis. The larger the value of (1 - y*), the 

stronger is the data's rejection of the null hypothe-

sis. As the table indicates, in four cases the ran-

dom walk is rejected fairly strongly because the 

Table 2. 
Tests for a Unit Root 

in the Real Exchange Rate Sample Period, 
June 1973 to May 1988 

Country 

Dickey-Fuller Sims 

1 — y* 

United K ingdom 

France 

West Germany 

Switzerland 

Japan 

-0.95 

-0.97 

-0.97 

-1 .13 

-0.02 

-2.39 

-2.00 

-2.01 

-2.89 

-0.35 

0 .4525 

0.4045 

0 .4058 

0.5142 

0 .2298 

For both tests, the null hypothesis is (p = 1). For the Dickey-Fuller test, the critical region is t^ < - 2.57; for the Sims test, 
the critical region is Z <0. 

Source: Computed at the Federal Reserve Bank of Atlanta 
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prior probability of the null hypothesis would 

have to be in the range of 0.4 to 0.5, much higher 

than the 0.2 suggested by Sims, before the test 

would favor the random-walk hypothesis. How-

ever, in Japan's case, the rejection is relatively 

weak; a value of 0.23 would be sufficient to favor 

the null hypothesis. 

The contrast between the results of the Dickey-

Fuller test and the new Sims test makes a defini-

tive conclusion impossible. Even so, the combi-

nation of the latter test's results, the evidence of 

other recent papers like Huizinga and Kamin-

sky, and the doubts about earlier tests raised by 

Hakkio (1986) suggest that the preponderance of 

the evidence is now against the random-walk 

hypothesis. 

Notes 

'This specification gives a clear but l imited advantage 
to the unit-root hypothesis, because any individual 
value of p between 0.5 and 1 has essentially zero prob-
ability, while the point where p = I has probabil i ty 
(I - y ) . 

2For detai ls of the derivat ion see Sims (1988) and 
Whitt (1989). 

3Because published data on consumer prices (line 64 of 
International Financial Statistics |IFS|) represent 
averages of data col lected throughout the month, 

monthly average exchange rates (lines rh or rf in IFS) 
were used. Results using end-of-per iod exchange 
rates (lines ae or ag in IFS) reject the random-walk 
hypothesis even more strongly than those reported 
here when the Sims test is used; they are available 
from the author upon request. 

4Dickey and Fuller construct several d i f ferent test 
statistics; on the basis of power considerations against 
a variety of alternatives, this particular one is recom-
mended in Dickey, Bell, and Miller (1986): 18. 

Notes 

'off icer (1982) includes an extensive bibliography of Cas-
sel's writings on this topic. 

2The differences between absolute and relative purchasing-
power parity are discussed in Officer (1982): 5-7. 

3Edison (1987) discusses these three properties. 
4See Officer (1982): 141-47. 
5 ln this example, tradable good prices are assumed to be 
roughly steady in all three countries. 

6 Ad I er and Lehmann (1983) and Pippenger (1986) support 
Roll's contention, though Frankel (1985): 39-40, argues 
persuasively that Roll's approach has l i t t le basis in tra-
ditional theory. 

7 ln a related paper, Mark (1986) reports that nominal 
exchange rates are not cointegrated with price indexes. 
Two variables are said to be cointegrated if each indi-
vidually is nonstationary but some linear combination of 
them is stationary. As the concept is described by Engle 
and Granger (1987), economic theory sometimes suggests 
that two variables should move together in the sense that 
in the long run they do not drift too far apart, even though 

each one individually is drift ing in a random, non-
stationary fashion. Mark interprets purchasing-power 
parity as suggesting that the exchange rate and the ratio of 
domestic to foreign prices should be cointegrated and 
that the cointegration constant should be I. However, his 
empirical results do not support that hypothesis. 

8Buiter (1987) argues that Huizinga's results actually favor 
the random-walk hypothesis. 

9Although Hakkio's results cast doubt on the evidence 
favoring the random-walk hypothesis about exchange 
rates, they do not favor the possibi l i ty that the real 
exchange rate is a stationary variable because the alter-
natives he considers are all nonstationary, being ARIMA 
processes that contain a unit root. 

' °More technically, the Bayesian posterior odds ratio can be 
interpreted as a weighted average of the l ikelihood func-
tion over all points consistent with the null hypothesis, 
divided by a similar weighted average over all points in 
the alternative. The weights are derived from the prior dis-
tr ibut ion of the parameters. 
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