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Abstract

The history of Japanese exchange rates, though short by British or
American standards, is exceedingly rich, both from the standpoint of
variation in the data and in the institutions governing exchange rate
arrangements and Japanese nonetary conditions. This paper reviews that
hi story and traces the evolution of yen-dollar and yen-sterling exchange
rates from 1874 until the present, conparing their behavior to that of the
dollar-sterling rate. It shows the relationships of all three nom nal
exchange rates to i ndexes of purchasing power parity, and it investigates the
l'inks among exchange-rate reginmes, exchange rates thenselves and other
macroecononmi ¢ vari ables. Two conclusions emerge: (1) Purchasing power parity
— at least in relative form — held remarkably well for the yen over the
Il onger run. (2) The variability of real yen exchange rates under the current
float does not, in fact, differ greatly from the often substantial and
largely self-reversing novements observed historically.

* I would like to thank Cornelia McCarthy for comments on and assistance in
the preparation of this paper, and Kyung-Won Lee and Dario Werthein for their
comput ati onal hel p. Most inportant is the debt that | owe to the [ate John
Metcal f who stimulated my interest in Japanese nonetary issues and directed
me to what had then been a |argely unexploited body of data. Thi s paper
extends and in several places draws upon ny earlier paper "A Century Plus of
Yen Exchange Rate Behavior," written under the sponsorship of the Japan-U. S.
Center for Business and Econom ¢ Studi es of New York University and published
in Japan and the World Economy.




1. INTRODUCTION

The history of Japanese exchange rates, though short by British or
American standards, is exceedingly rich, both from the standpoint of
variation in the data and in the institutions governing exchange rate
arrangements and Japanese nonetary conditions. In the approximte century
and a quarter that followed the Meiji restoration of 1867, Japan experienced
three episodes of floating exchange rates, two epi sodes —one very brief —on
the gold standard, a period of heavily managed floating rates during the
interwar years, the dollar peg of the Bretton Wods era, and the
exceptionally severe inflation and accompanyi ng substantial yen depreciation
of the World War 11 years.

In this paper | review that history. | trace the evolution of yen-
dollar and yen-sterling exchange rates from 1874 wuntil the present and
compare the behavior of both to that of the dollar-sterling rate. | go onto
analyze the relationship of all three to indexes of purchasing power parity
and to exami ne the |links among exchange-rate regi mes and the behavi or of
exchange rates themsel ves and of other important macroeconom c vari abl es.

2. HISTORICAL DESCRIPTION OF EXCHANGE-RATE BEHAVIOR

Foll owing the Meiji restoration, Japanese trade with the rest of the
worl d increased dramatically. Froma base of essentially nil at the time of
Adm ral Perry's first visit in 1853, exports rose to approxi mtely 15% of GDP
shortly after the turn of the century and to over 20% of GDP by the 1920s.?

For most of the nineteenth century, however, Japan was not on the gold
standard. From 1867 to 1878, the Japanese nonetary system was effectively a
system of fiat currency and floating exchange rates. From 1878 until 1897,
when Japan did finally adopt gold, Japan both de jure and de facto was on a
silver standard. The result was a continuation of floating rates relative to
the gold standard world.?

This flexibility in exchange rates enabl ed Japan to avoid the deflation
that prevailed in Britain, America, and other countries on gold during these
years. We can see this in Table 1.8 Over the subperiod 1874 to 1887 Japanese
whol esal e prices showed virtually no net change, earlier inflation being
offset by later deflation. Over the later subperiod 1888 to 1896, they

actually rose by 35% In the United States, wholesale prices declined by
slightly over 40% between 1874 and 1887 and by another 21% between 1888 and
1896. In Britain, the deflation followed a largely simlar pattern,

cumul ati ve declines in whol esale prices of 41% and 11%in the two subperi ods,
respectively.

In the foreign exchange market, the yen depreciated relative to both
the dollar and sterling. For the full period 1874 to 1896, the increase in
the yen-dollar rate averaged 3.15% per year and the increase in the yen-

sterling rate, 3.03% per year. |In both instances, the declines were nmore or
less in line with the cross-country differences in inflation rates, but in
neither case was the offset exact. In real terms, the yen appreciated
somewhat against both currencies, while the dollar fell slightly against

sterling. We can see this in the figures presented in the |l ast three col ums
of Table 1 showing the average annual percentage changes in real exchange
rates and in the plot of the real yen-dollar and real pound-dollar rates in



Figure 1.4
Fig 1: Indexes of Real Exchange Rate
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Purchasing power parity, therefore, held tolerably well as a first
approxi mation. But for Japan in particular it was only that. One

possibility for the slack in the relationship between changes in nom nal
exchange rates and the differential in inflation rates is measurenent error
in the Japanese price data, an overstatement of the levels of wholesale
prices in the later relative to the l|ater years of the period. An
alternative is a shift in the equilibrium real exchange rate, resulting
perhaps fromincreased productivity in the Japanese tradeabl e goods sector.?®
In addition to these trend-like novements, both yen real rates
exhibited fairly sizable year-to-year variability, well in excess of the
variability of dollar-sterling, particularly in the subperiod from 1888 to
1896. This variability, however, had no obviously adverse effects on other
real variables, either real trade flows or real output. Exports and inmports
increased substantially as already noted. Rat es of growth of Japanese rea
income and industrial production were conparable to or higher than the rates
in Britain and America. Bet ween 1885 and 1900, real income in Japan
increased at an average annual rate of 3.1% versus 2.35% in the United
Ki ngdom and 2.79 in the United States. Over the longer period 1874-1896,
i ndustrial production increased by 4.75% per year in Japan versus 1.96% per
year and 4.44% per year in the United Kingdom and the United States



respectively.®

Table 1

Rates of change of wholesale prices, nominal exchange rates and real exchange
rates in Japan, the United States and the United Kingdom, 1875-1989

Whol esal e prices Nomi nal rates Real rates

Peri od Japan u. S. u. K. ¥/'$ ¥/ £ £/$ ¥/$ ¥/ £ £/$
1875- 1896 1.43 -2.77 -2.30 3.15 3.03 0.12 -1.07 -0.71 -0.36
1875-1887 -0.27 -3.10 -3.03 2.16 2.06 0. 10 -0.66 -0.69 0. 03
1888- 1896 3.91 -2.30 -1.24 4.56 4.41 0.15 -1.65 -0.74

-0.91
1897-1914 2.67 2.15 1.58 0.17 0.34 -0.17 -0.34 - 0 . 7 4

0. 40

1915-1940 3.76 0. 54 1.96 2.86 1.62 1.24 -0.36 -0.17 -0.19
1915-1921 10. 58 5.10 9.90 0.35 -2.91 3.26 -5.13 -3.59 -1.55
1922-1928 -5.21 -5.81 -9.77 0.51 3.72 -3.21 2.69 1.20 1.49
1929-1940 3.29 -1.76 1.27 5.69 3.03 2.66 0. 64 1.01 -0.37
1941-1953  40. 24 5.92 6.74 34.13 32.37 1.76 -0.18 -1.13 0.94
1954-1973 1.37 2.16 3. 24 -1.42 -2.11 0.69 -0.62 -0.24 -0.38
1974-1989 2.85 5.71 9.74 -4.24 -6.23 1.99 -1.37 0.67 -2.04
Sour ce: See endnote 3.
Not e: Fi gures are continuously compounded per cent per annum rates of

change.

The difference between Japanese and U.S. and U. K. price behavior in this
|l ast quarter of the nineteenth century appears to a |large extent to mrror
international devel opments rather than donmestic monetary policy actions in
Japan. Throughout these years, countries were continually shifting from
silver to a gold standard. At the same time that this shift in the relative
demands for the two precious netals was taking place, discoveries of silver
in the United States were increasing its supply. The result, as Ilrving
Fi sher (1911) documented, was an upward trend in the price levels of the
countries that remained on silver and a downward trend in the price levels of
countries on gold.

When Japan did make the switch to gold in 1897, price movements in the
gol d- st andard worl d had begun to reverse. Gold discoveries, coupled with the
introduction of inproved nmethods of refining, led to a nore than doubling of
the world's gold stock from 1890 to 1914. (Friedman and Schwartz, 1963, p
137). This in turn increased growth in money supplies and thus caused prices
to rise. In Japan, the inflation exceeded that of the rest of the world.
G ven the fixed nom nal exchange rate, the yen therefore depreci ated agai nst
both the dollar and sterling in real terms. Government borrowi ng abroad and
the drawing down of the gold balances received as an indemity payment
following the war with China in 1893 and 1894 are the likely reasons for this
disparity in price behavior.” These enabled Japan to insulate itself fromthe
operation of international gol d-standard forces and thus to pursue
inflationary policies domestically.

In 1914, with the outbreak of war in Europe, the worl dwi de gold standard
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broke down, most countries bl ocking its workings by placing embargoes on gol d
exports, some |eaving gold conmpletely. Japan took the former route until
1917, at which point it left gold officially. Unli ke Britain and America,
Japan remained off the gold standard throughout the 1920s, not returning
until the beginning of 1930, and then only to |l eave a scant two years | ater

The twenties were not, however, years of completely free floating yen
exchange rates. An initial attempt to peg the yen against the dollar (1919
to 1920) was followed by controlled depreciation and then two planned, but
aborted, moves to return to gol d. The first attempt failed in the wake of
the Great Kanto Earthquake of 1923 and the large trade deficits that
resulted. The second, after a year of prelimnary stabilization of the yen
was abandoned following the financial panic of March 1927 (Takagi, 1989).
The years 1932 to 1934 were marked by a nore or less free yen float, but the
five years that followed by a peg of the yen to sterling.

What stands out during the 1915-1940 period is the volatility of rea
exchange rates. Judged in terms of both the subperiod-average rates of
change shown in Table 1 and the yearly standard devi ati ons shown below in
Table 2, it was at record highs, far greater than under the gold standard
and, in the main, even greater than under the post-Bretton Wods float. The
only sense in which this is not the case is for the period viewed as a whol e.
The average annual rates of change of all three real rates over the years
1915 to 1940 were in fact less than the respective averages for the years
prior to 1914. In each instance, protracted movements of the real exchange
rate in one direction during WA and the years immedi ately thereafter were
very nearly offset by subsequent protracted novements in the opposite
direction. Over the |longest period, therefore, purchasing power parity again
appears to have held, despite substantial departures for long periods in
bet ween.

Wth World War |l came the disruption of international transactions,
breaks in the official yen exchange-rate data and substantial increases in
price levels around the world. In Japan, the inflation was severe. Bet ween
1940 and 1949 Japanese whol esal e prices increased by a multiple of 127, or at
a continuously compounded average annual rate of increase of 53.8% Relative
to American and British wholesale prices, this translated into (continuously
compounded) cunul ative increases in excess of 400%

In 1948, when official data for yen exchange rates become available, its
value relative to the dollar had fallen fromthe 4.35 yen per dollar rate in
place in 1940 to 160 yen per dollar. By 1950, in the face of continued
strong inflation, it reached 361 yen per dollar, roughly the rate maintained
for the remai nder of the Bretton Wods era

Then in 1971, in the face of nonetary excesses in the United States, the
reserve-currency country, the Bretton Whods system broke down and the current
fl oat began. Since then the yen has shown a trend-Ilike nom nal appreciation
against the dollar and sterling, a simlar real appreciation against the
dol l ar, though somewhat surprisingly, not sterling, and a series of
alternating sharp shorter termreal appreciations and depreciations agai nst
both currencies.

The nonetary part of the picture during the early years of the float can
be divided into three episodes, all of which show evidence of links to U. S.
policy. In the md 1970s, Japan in part as a spillover from policy in the
United States, experienced both high noney growth and inflation (Darby and
Lot hi an, 1983b). In its aftermath, however, Japanese policy became



consi derably tighter than policy in the United States and remai ned so | onger.
Despite renewed expansi onary effects emanating fromthe United States via the
bal ance of payments, Japan therefore escaped the double-digit inflation that
pl agued America and Britain at the start of the |ast decade.® 1In the latter
part of the 1980s, Japan appears to have again been led into expansive policy
as the Bank of Japan, along with the U S. Federal Reserve, sought to halt the
depreci ation of the dollar.

Of particular interest in these episodes is the pattern of volatility of
real exchange rates and of inflation. Over time, fluctuations in inflation
have become nore muted in Japan while fluctuations in the real yen- dollar
rate have remai ned substantial. This, coupled with the |longer term downward
trend in the yen-dollar real exchange rate have been a source of increased
skeptici smabout both purchasi ng power parity as an equilibriumcondition and
the functioning of the floating rate system

3. PPP, REAL EXCHANGE RATES AND EXCHANGE-RATE REGIMES
The historical overview highlights several sets of inmportant issues. One

has to do with the purchasing power parity relationship. The other centers
around the |links between exchange-rate regi mes, exchange-rate variability and

the behavior of other macroeconom ¢ vari abl es. The specific question that
arises with regard to PPP is whether the tendency for nom nal exchange rates
to move in line with relative price levels that is apparent in the |onger

term conparisons presented in Table 1 is a behavioral phenomenon or sinmply a
statistical quirk, the spurious correlation that can arise between two
trended series.

The theoretical rationale for PPP and modified PPP relationships is as a

macroeconom ¢ equilibrium condition. In the simplest theoretical nmodels,
whi ch ignore the effects of real variables Iike productivity and differences
inrelative prices of traded and non-traded goods, absolute PPP holds. It is

the open-econonmy analogue of the «classical cl osed-econony neutrality
proposition as in in the nmonetary-approach models of the type developed in
Frenkel and Johnson (1976). Expressed in log form the absolute PPP
relationship is

Pt - € = Pt (1)

where p, and p” represent the logarithms of the price levels in the honme
country and the foreign country respectively, e represents the |ogarithm of
the nom nal exchange rate (the price in the home country's currency of a unit
of the foreign country's currency), and t is an index of tine.

There is now abundant empirical evidence suggesting that to the extent
that purchasing power parity holds, it does so only over |longer time periods,
and that even then there may be disturbances to the relationship that are
hi ghly persistent in their effects. Two general classes of nmopdels have
evolved to explain this phenomenon. In one, which is an extension of the
nonet ary-approach nmodel, such devi ations are purely transient, the result of
sl uggi sh adjustment of prices to monetary shocks. (See, e.g., Dornbusch,



1976). In the other, which assumes instantaneous adjustment of goods prices
and thus the price |level, deviations fromPPP can be permanent, the result of
real shocks that affect the equilibrium real exchange rate (See Stockman,
1980) . Model s of this class preserve the long-run neutrality (or super-
neutrality) of money but see absolute PPP as a highly special case that would
only exist in the limt, in situations in which real influences were of no
practical significance. Relative PPP does, however, potentially fare better
in these nmodel s. Real shocks have one-time effects on levels. As the tinme
period |engthens, the effect on rates of change therefore progressively
di m ni shes.

Ext endi ng t he concept of neutrality in another direction, Stockman (1983)
demonstrated that within the context of an equilibrium model simlar to the
one devel oped in his earlier (1980) paper, and as intuition m ght suggest,
the (nom nal) exchange-rate regi me should have no effect on the equilibrium
behavi or of real variables, including that of the real exchange rate.

Li ke continuous PPP, this insight does not appear to carry over to the
actual data. Real exchange rates, as Stockman went on to show and as
evidence in Mussa (1986) confirms, have been nore variable under floating
rates than fixed rates during the post-WA I period. The behavi or of other
real variables, however, appears to be invariant across the two regimes
(Baxter and Stockman, 1989; Baxter, 1991).

The major difficulty that arises in interpreting these results is that the

regime is essentially an endogenous vari able. The choice of regime very
likely is influenced by factors that, in turn, affect monetary and price-
| evel behavior, and also by the behavior of real variables, including the

real exchange rate itself.?® How real exchange rates behave under different
regi mes, as well as the choice of the regime, may be two aspects of the same
general question

Bel ow | exam ne these issues, the tine-series behavior of PPP and the
rel ati onshi ps between exchange-rate reginmes and the variability of real
exchange-rates. | begin with the analysis of real -exchange rate variability
since it is more heavily descriptive and thus serves as useful introduction
to the time-series analysis of PPP that follows.

3.1 REAL-EXCHANGE-RATE VARIABILITY AND EXCHANGE-RATE REGIMES

The data in Table 2 showi ng standard devi ati ons of the log real exchange
rates and their first differences for various subperiods appear fully
consistent with the hypothesis of greater variability under floating than
fi xed exchange rates. St andard deviations for the current floating rate
period, for the interwar period and the Japanese ni neteenth century fl oat are
i ndeed greater than the standard deviations for the Bretton Wuods and gold
standard periods in nmost instances. 1

This, however, does not appear to be the full story. One hint that nore
is involved than a sinple fixed-floating dichotony is provided by experience
during the Japanese float in the |latter decades of the nineteenth century.
In this episode there is a marked difference in variability —particularly in
the variability of the differenced data — between the subperiods 1875-1887
and 1888-1896. In the first of these subperiods, Japanese real exchange
rates were noticeably |less variable than in the second and not appreciably
nmore variable than the real pound-dollar rate. Quite interestingly, this



first subperiod saw rmuch greater stability of Japanese inflation rates than
t he second

Table 2
Standard deviations of real exchange rates, 1875-1989

Peri od Countries

Level s of | ogs Di fferences in | ogs

JA/ US JA/ UK UK/ US JA/ US JA/ UK UK/ US
1875- 1896 8. 80 7.71 4.95 8.77 6. 95 4 . 7 7

1875-1887 8 . 3 1
6.29 5.89 7.90 5.26 5.28

1888- 1896 8.22 7.74 3. 47 10. 38 9.24 4.15
1897-1914 5.50 7.93 6.31 5.52 3.82 3.95
1915- 1940 17.67 18.03 12. 46 9.14 11. 88 1 0 . 5 3
1921-1928 8.72 8.83 4.07 8.83 9.62 5.57
1929-1940 14. 38 16. 69 13. 39 9.31 13. 07 14. 20
1954- 1973 5.43 5.03 3.89 4.37 4. 45 3.23
1974-1989 13. 64 9.12 13.71 10. 15 10. 00 10. 82

Not e: Figures are multiplied by 100 to convert to per cent terns.

A more serious problemis posed by the interwar years. This was a period
of managed floats alternating with pegs of various sorts, over various tinme
spans, dependi ng upon the currency. Real exchange rates, however, were even
|l ess stable during the interwar years than under the current fl oat. Hence,
if there is a behavioral-type relationship between the degree of exchange
rate flexibility and the variability of real exchange rates it is certainly

not monotonic. Alternatively, it may be that the relationship is |argely
statistical, economc conditions that give rise to variability in real
exchange rates also strongly influencing the choice of regine.

To investigate these issues further, | conmputed standard devi ations of the
changes in the 1 og real exchange rates and of the three countries' inflation
rates for five-year periods. I then used these as the observations in a
series of dummy-variable regressions. These regressions took the general
form
* Kk
*

O = Yo + vi1 DFIX + v, DIW + v3; DWV + ¢ , (2)
i

where o, i s the standard deviation of variable x, DFIX is a dummy taking the
value 1 for fixed-rate periods (the gold-standard years and the years of
greatest stability under Bretton Wods) and 0 otherwise, DIWis a dumy
taking the value 1 for the interwar period and 0 otherwise, DAWVis a dumy
taking the value 1 for the two world wars and O otherwise, the vys are



coefficients to be estimated, e is the error
period. Table 3 contains the results of
Under the hypothesis that
exchange-rate variability, v
shoul d each be |l ess in absolute value than v;.

support these predictions.

v2 and vz should all

Table 3

term and j
these regressions.

the regime per se is the determ nant of
be negative,
The dat a,

is an index for the
real -
and vy, and vs3
in general, do not

Regressions to analyze the variability of real exchange rates and inflation

rates across regimes

Countries Yo Y1 Yo Y3
R? SEE
Oxi = Yo T V1 DFI X + Y2 DI W + Y3 DWW + €j,
ALog real exchange rate
JA/ US . 081 -.042 . 002 . 086 . 294 .068
(3.517) (-1.311) (0.048) (2.216)
JA/ UK . 086 -. 060 . 032 . 134 . 413 081
(3.152) (-1.577) (0.665) (2.899)
UK/ US . 087 -.051 . 031 . 015 . 490 . 036
(4.534) (-2.145) (0.886) (.778)
Inflation rate
JA . 051 -.018 . 062 . 182 . 386 098
(1.554) (-.395) (1.056) (3.256)
us . 052 -.023 . 054 . 040 . 395 . 039
(3.917) (1.264) (2.279) (1.798)
UK . 043 -.010 . 069 . 048 . 378 . 045
(1.840) (-.402) (2.113) (1.631)
Source: Observations are standard deviations of annual data for non-

overl apping five-year periods.

Not e: oy is the standard devi ati on of
fixed-rate periods, DIWis a dumy for
taking the value 1 for the
parent heses are t statistics.

the variable x,
the interwar

In all three instances, DFlI X has a negative sign
the view that the variability of real exchange
rates. But only in the case of the pound-dollar
statistically significant. For the two yen
Much more i mportant, in al

peri od,
two world wars and O otherwi se.

whi ch is consi stent
rates
rate is
rates only DWW is significant.
three cases there appears to be little difference

DFI X is a dummy for
DWW is a dummy
Figures in

with
is |low under fixed
the difference



statistically between the interwar period and periods of relatively free
float: DIWis insignificant and slightly positive in all three instances.
Certainly, there is no evidence of |ower variability then as would be the
case if the degree of variability of real exchange rates were directly
related to the degree of flexibility of nom nal exchange rates.

The inflation-rate regressions provide a partial clue to what underlies

these results. For all three countries, DWVNis significantly positive and
for Japan especially so. For the United States and the United Kingdom so
also is DIW DFI X is negative in all three instances but in none of the

regressions is it significant.

Bot h bodi es of data, therefore, show sonmewhat sim | ar temporal patterns.
and, in the case of Japan, a simlarity that is particularly pronounced. The
cl ose association observed between novements in nom nal and real exchange
rates since the advent of floating exchange rates in the early 1970s is,
therefore, clearly not a general phenonenon. Over the long span of years
covered by these data, variability in inflation rates very often has
accompani ed variability in real exchange rates. This continued association
bet ween the two suggests the need for a common expl anati on.

3.2 PPP: Evidence from tests of cointegration

The implications of the theoretical nodels of exchange rate determ nation
revi ewed above translate into conmpeting hypotheses about the nature of the
di sturbances that affect the PPP rel ationship.

To illustrate, let us first amend equation (1) to include a disturbance
term and also, since it will be of use enpirically, consider an alternate
version written in terms of the real exchange rate.

As the enpirical counterpart of equation (1), we get:

* %
*

P = a + p o+ U, (3)
*

* %

and as the real-exchange-rate equati on,

* %
*

g = a’" + u , (4)

*
* %

where p,2 = p; - e, Q; = (e - p; + p:’), p and p* now represent |ogarithms of
price indexes rather than price levels, a and a’ are normalizing constants,
and u and u’ are error terms.

Particularly well suited to analyzing the processes governing these errors
are the tests of cointegration developed by Engle and Granger (1987).
According to Engle and Granger, two series which themselves have to be
differenced ntimes to be stationary, are said to be cointegrated of order n-
1 if some linear combination of their nth differences is stationary.?!!
Coi ntegrated vari abl es have the property that even though, for exanple, the
|l evel s of both may be subject to drift, there is sonme |inear combination of
the two that is not. Tests for cointegration are therefore essentially unit-
root tests applied to the errors in these equations, or to suitably
di fferenced versions thereof.
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To see the connection between the tests and the hypot heses about exchange
rate behavi or suggested by theory, let us first consider the (instantaneous)
equi li brium model . Since in this mpdel both goods prices and the nom nal
exchange rate adjust fully within the period to monetary shocks, deviations
from PPP are solely the result of real shocks. These real shocks both have
permanent effects and provoke full within-period adjustment. Accordi ngly,
the equilibrium mdel predicts: non-stationary of the uys (or uy’'s) and hence
non-coi ntegration of p:® and p;"; the necessity of differencing to achieve
stationarity; and an extrenmely rapid pattern of adjustment.

In the monetary overshooting nodel, real shocks play no role. Deviations
from PPP are solely the result of |agged adjustnent to monetary shocks. I'n
the long run, the adjustment of nom nal exchange rates and the price level to
such shocks is conplete, but in the short run the exchange rate overshoots to
mai ntain covered interest rate parity, while the price |evel adjusts slowy.
The overshooting model, therefore, predicts: stationarity of the ugs and
hence, cointegration of the Ievels of p;? and p;"; and a pattern of adjustment
that corresponds to that of the price |evel

A third more general class of nodels admts the possibilities of both rea
shocks influencing the equilibriumexchange rate and sluggi sh adjustments of
prices (see e.g. Missa, 1982). The predictions of these nmodels are,
therefore, a m xture of those of the other two: stationarity of the errors,
at least after differencing or adjustment for a determnistic trend in the
real exchange rate; and a pattern of adjustment to residual errors that again
m mcs that of the price level following a monetary shock

To test these hypotheses, | followed two rel ated procedures. One was the
two-step method outlined by Engle and Granger (1987); the other was simply to
apply unit-root tests in the context of sinple univariate nodels of the rea
exchange rate.

In the two-step procedure, the first step was to estimate the
coi ntegrating regression based on equation (3):

p* =a+ b p’ + u , (5)

where a and b are the coefficients to be estimted and where the slope
coefficient b, which in theory should be unity, is included as an all owance
for measurement error (Taylor, 1988).12

The second step uses variants of the Dickey-Fuller (1979) test to exam ne
the stationarity of the uis.?® The equations underlying these tests took the
general form

* %
*
K
AUy = Bg Ugg + 2 Brog AUpg + Vi (6)
k=1

*

* %

Here the parameter of interest is By, the coefficient on the |evel of the
| agged error term from the cointegrating regression. A negative and

statistically significant value of R; | eads to rejection of the hypothesis of
non-stationarity. This, in turn, inplies that p? and p" are cointegrated and
hence is evidence in favor of |ong-run PPP. In one variant of the test, the
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coefficients on the |agged differences of the errors were constrained to
zero. This is referred to as the DF (Dickey-Fuller) test. |In the other, no
such constraint was imposed. This variant of the test is referred to as ADF
(augnment ed Di ckey-Fuller) test.?!

The alternative procedure, in which |I exam ned the stationarity of the
real exchange rate directly, is essentially a test of cointegration subject
to the constraint that b, the slope coefficient in the cointegrating

regression, is unity. Given this constraint, the two steps coll apse into one
and the followi ng general equation serves as the basis for our tests

* %
*

K
AQy = 1o * M1 Ot t 2 A AQek t Vo (7)
k=1

*

* k

Again the focus of the tests is on the coefficient of the |agged level, a
val ue of yu; significantly less than zero providing evidence in favor of the
hypot hesis of stationarity of the real exchange rate. In the DF tests, the
Ax again were assumed to be zero; in the ADF tests, the nunmber of such

coefficients to be included in the regression was chosen enpirically.
To investigate the influence of real variables and other factors that

m ght cause the real exchange rate to undergo permanent shifts, | conducted
two further series of tests. In the first, |I estimated a variant of (7) that
included a determnistic time trend as an additional regressor. In the
second, | allowed for a stochastic trend by substituting |og differences of
the real exchange rate data in place of the log levels used initially. I'n
both instances, | conducted unit-root tests simlar to those used above.

The equations underlying these additional tests took the respective formns:
* *
*

K
AQy = Bo * Mg Q-1 *t u2 t + T A AQix * Vo, (8)
k=1
*
* *
and
* *
*
K
AQy - AOi-p = ¥ + W1 AOir + 2 2 (AQek - Afeke1) + Vi - (9)
k=1

*
* *

Table 4 contains the results of the cointegration tests based on the two-
step procedure, both the DF and ADF t-like statistics and the Durbin-Wtson
statistic fromthe cointegrating regression. Table 5 contains the statistics
for the anal ogous unit root tests for the real exchange rates. In each
instance in Table 4, we are able to reject the hypothesis of no cointegration
bet ween p;? and p,". The same is true for the third test proposed by Engle and
Granger based upon the Durbin-Watson statistic. Correspondingly, we are able
to reject the hypothesis of non-stationarity of the real exchange rate, or
put another way, of no cointegration given the constraint of a wunit
coefficient in the cointegrating regression |linking p;2 and p,".

Esti mat ed speeds of adjustments to equilibriumare rather | engthy in both
i nstances. '® For the pound-dollar the estimated half lives range from 2.1



12

to 2.3 years based on the results reported in Table 4 and from 2.2 to 2.9
years based on those reported in Table 5. These are not the rapid speeds of
adj ust ment envisioned in the equilibriummodels, but they are not out of |ine
with the esti mated speeds of adjustment of price |levels to nonetary shocks in
the United States and the United Kingdom 16

Table 4
Tests for cointegration between the logarithms of exchange-rate-adjusted
price levels: 1875-1989

Countries b DW 1-B, DF 1-B, ADF( K) K
sb SPR1 SPR1

JA/ US 1.164 . 540" . 714 -4.486" . 741 -4.663" 2
(.019) (.064) (.077)

JA/ UK 1.091 . 553" . 715 -4.421° . 747 -3.392" 2
(.014) (.065) (.075)

US/ UK 1.016 L4747 .779 -3.495" . 723 -3.583" 3
(.014) (.063) (.077)

Not es: The sl ope coefficient in the cointegrating regression is denoted by
b and its standard error by sb. The coefficient in the test regression of
the | agged residual fromthe cointegrating regression, u;.,, is denoted by B,
and its standard error by spg;. DWis the Durbin-Wtson statistic fromthe
coi ntegrating regression, DF is the Dickey-Fuller test statistic and ADF(K)
is the augmented Di ckey-Fuller test statistic froma regression with K| agged
values of the differenced residuals. One, two, and three asterisks denote
significance at the .01, .05 and .10 levels, respectively in this and the
next table.

For the yen rates, the situation is simlar when we confine our attention
to Table 4. The estimated half lives range from 2.1 to 2.4 years for the
yen-pound and from2.1 to 2.3 years for the yen-dollar. The picture changes,
however, when we | ook at the results reported in the top panel of Table 5.
For the yen-dollar the estimtes range from 3.7 to 4.2 years, and for the
yen-pound from 3.0 to 3.7 years.

The difference in the two sets of estimtes for the yen exchange rates, |
believe, reflects the inmposition of the constraint b=1 that is inmplicit in
the real-rate formul ati on. For the pound-dollar the constraint appears to be
reasonable. The estimate of b reported in Table 4 is virtually unity and
reversing the order of the variables in the cointegrating regression does not
alter this result. In the cointegrating regressions for the two yen rates,
in contrast, the estimates of b are both somewhat removed fromunity, 1.16
and 1.09 for the yen-dollar and yen-pound, respectively. This, coupled with
the visual inmpression of a long-termdrift in the yen-dollar rate that one
gets from Figure 1, raise questions about the inportance of other than
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transi ent shocks.

One possibility is outright measurement error, particularly for the price
series, but perhaps also for the early exchange rate data since these were
derived as m dpoints of the yearly highs and | ows published by the Bank of
Japan. The ot her obvious possibility is that real variables are affecting
these real exchange rates. As al ready noted, a nunber of researchers have
used differences in productivity growth in the United States and Japan to
account for the drift in the yen dollar rate over the post-WAN | period (see
Table 5
Unit root tests of real exchange rates: 1875-1989

Countries 1- 1, DF 1-4, ADF( K) K
Sug Sy
Level s K
A+ Vi
k=1
JA/ US . 847 -2.987" . 829 -2.887" 2
(.051) (.059)
JA/ UK . 792 -3.727" . 828 -2.789" 2
(.056) (.062)
UK/ US . 786 -3.364" . 729 -3. 443" 3
(.064) (.073)

Levels with trend

K
AQe = Mo+ b G g u2 U D A Ak
k=1
Countries 1-y, us__ DF 1-u, Us__ ADF( K) K
S Sus S Sus
JA/ US . 741 -. 0009 -4.040" . 668 -.0012 -4.308" 2
(.064) (.0003) (.077) (.0004)
JA/ UK . 646 -.0013 -4.903" . 663 -.0012 3.847" 2
(.072) (.0004) (.088) (.0005)
UK/ US . 788 . 0000 -3.291™" . 733 . 0000 3.277" 3
(.065) (.0002) (.082)  (.0002)
Di fferences
____________ K
AQr - AQen = W0 * W AQp g+ 2 M (BGtk - AOrk1) + Vi
k=1

Countries DF ADF( K) K
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JA/ US -9.808" -7.704" 3
JA/ UK -10. 750" -7.586* 2
UK/ US -9.394" -6.026" 3

Not es: The symbols su; and sus represent the standard errors of the
regression coefficients p; and us. DF is the Dickey-Fuller test; ADF(K)

is the augnented Di ckey-Fuller test based on a regression using n |agged

di fferences of the dependent vari able.

Mar st on, 1986; and Yoshi kawa, 1990). In light of the rapid growth of the
Japanese traded goods sector prior to WMI, it is plausible to believe that
productivity differences may have been inmportant then also. G ven the
somewhat | ow power of wunit-root tests, we may therefore be incorrectly
rejecting the hypothesis of non-stationarity.

To investigate this possibility, | ran the additional tests based on
equations (8) and (9). In the m ddle panel of Table 5, | show the results of
the tests in which a determnistic trend is included in the regression. I'n
the bottom panel, | show the results for the first differences in g. I'n

both cases, we can reject non-stationarity, and generally at high | evels of
significance. Real yen rates may be subject to permanent influences —either
stochastic shocks or forces that follow a trend-1ike pattern —but there is
a decided tendency to return to equilibriumotherwi se. Over |ong periods PPP
appears to hold at least for rates of change, and perhaps also for |evels,
albeit with the possible need for adjustnment for a dtermnistic trend in the
real exchange rate.?’

4. CONCLUSIONS

For the study of exchange-rate behavior, Japanese historical experience
offers a nearly ideal |aboratory. Over the 115 years for which data are
avail able, the yen has floated with much greater frequency than either
sterling or the dollar, while the Japanese price |level has been subject to
consi derably greater variability than either the British or the Anmerican
price level.

Despite this volatility, however, purchasing power parity —at least in
relative form — has held remarkably well for the yen over the |onger run.
Usi ng an expanded body of data relative to that in ny earlier (1990) study,
I can always reject the hypotheses of non-trend stationarity and non-
di fference-stationarity of real yen exchange rates at high Ievels of
significance. Relaxing the constraint of a unit cointegrating factor between
t he exchange-rate-adjusted Japanese price |level and the foreign price |evel,
I can do the same for the hypothesis of non-stationarity of the absolute
| evel s.

These results stand in sharp contrast both to casual inpressions gained
from experience under the current float and to much scholarly evidence
derived from it. The difference, | believe, is due in the min to the
difference in the spans of data. G ven the existence of Ilong-lived
devi ati ons of exchange rates from PPP, a |long historical series is a virtual
necessity if we are to distinguish persistent, but transient, deviations from
per manent ones.

Vi ewed from the perspective of this study, the continued enmphasis by the
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Bank of Japan and by business econom sts on PPP as a macroeconomc
equi libriumcondition no | onger appears anomal ous.!® The fluctuations in the
real yen-dollar rate over the past decade that made it seem such turn out to
not differ much from the often substantial and largely self-reversing
movenment s observed historically. Rel ative to the fluctuations in the years
surrounding World War Il they are, in fact, rather small.

Not directly identifiable are the factors producing such fluctuations
For the sterling-dollar rate they appear to have been largely transitory in
their impact. For the two yen rates, both permanent and transitory factors
appear to have mattered. Productivity-related influences may well have been
i mportant over much of the sample period. 1In addition, the close association
bet ween variability in yen real exchange rates and variability in the
Japanese inflation rate suggests a major role for monetary influences.?®
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NOTES
1. Data for Japanese nom nal exports and inports came from Ohkawa and
Rosovsky (1973). | divided these figures by the estimtes of nom nal GDP in

Nakamura (1983) to convert themto ratio form

2. The silver yen became | egal tender in May of 1878. See the di scussions
of this period in Moulton (1931) and Shinjo (1962) and the references cited
t herein.

3. The exchange rate data for the period ending in 1965 are annual series
for the yen relative to the currencies of the other three countries as
reported in the Bank of Japan's Hundred Year Statistics of the Japanese
Econony. For the years 1880 to 1914, these are m dpoints of the range
bet ween the reported yearly high and | ow exchange rates for each currency;
for 1874 to 1879 and for the years after 1914, they are yearly averaged data.
These series were used directly to conpute yen-other country real exchange
rates and to derive the sterling-dollar real exchange rate.

The published figures for 1894 contai ned what appears to be two errors.
I corrected the yen-dollar rate using the alternative estimte of Nakanura
(1983, p. 34) and derived the yen-sterling rate using that corrected figure
and the estimte of the dollar-pound exchange rate for 1894 in Friedman and
Schwartz (1982).

Observations for yen exchange rates for the years 1941 to 1947 were not

reported by the Bank of Japan. For these years, | used Swi ss quotes of yen-
doll ar rates from Abuaf and Jorion (1990) that Phillipe Jorion graciously
provided me, and the dollar-sterling figures reported in Friedman and
Schwartz (1982) to fill in the m ssing observations for the yen-sterling and

pound-dol lar rates and to derive the yen-pound rate

| updated the nom nal exchange rate series for the years after 1965
using the basis of the annual average yen-dollar and dollar-pound rates
reported in the [ nternational Financial Statistics (ILFS) and derived the yen-
pound rate from these figures.

The data for whol esale prices cane froma variety of sources: for the
United States,the U.S. Department of Commerce's Long Term Trends for the
years 1873 to 1970, and the | FS thereafter; for the United Kingdom European
Hi storical Statistics for the years 1873 to 1975 and | FS thereafter; and for
Japan, the Bank of Japan's Hundred Year Statistics for the years 1873 to 1965
and the | FS thereafter. These subseries were |linked either by regression or
by multiplying the wearlier series by the ratio of the overlapping
observations. The resultant series were then rebased to 1980

4, | define the real exchange rate as the ratio of the nom nal exchange
rate (the price of a unit of the foreign currency) divided by the ratio of
the home-country price index to the foreign-country price index.

5. Thi s expl anati on has been widely applied to explain the behavior of the
yen-dollar rate in the post-WAI period. See, for example, Marston (1986)
and Yoshi kawa (1990).

6. Japanese real income (GDP) and industrial production data came from
Nakamura (1983); U.S. and U K. real income (NNP) data from Friedman and
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Schwartz, (1982); U.S. industrial production fromU.S. Departnment of Commerce
(1973); and U.K. industrial production from Feinstein (1972).

7. See the discussion of this episode in Lockwood (1954, pp. 36-37) and the
references cited therein.

8. This short-run spillover of expansive U.S. policies to Japan is evident in
data for Japanese bal ance of payments and hi gh- powered noney growth. Japan's
official settlements surplus increased sharply in 1977 and remained high in
1978 in the face of substantial U.S. official settlements deficits in these
years. Japanese hi gh-powered money growth in this environment rose from8. 1%
per year on average in 1976 and 1977 to 13.9% per year in 1978

See Dar by and Lot hian (1989) on the difference between | ong-run and short-
run price behavior among OECD countries since the advent of floating rates
and Ohta (1983) for a discussion of Japanese policy during the |ate 1970s and
early 1980s

9. Stockman (1988) attributes the greater stability of real exchange rates
under fixed rates to governnment actions in the goods and capital markets that
affect both the price | evel and the nom nal exchange rate. Mussa (1986), in
contrast, attributes the variability under floating exchange rates to the
non-i nst ant aneous adj ustment of goods prices.

Savvides (1991) using a sinultaneous nodel estimated for a group of 39
devel opi ng countries over the period 1976 to 1984 studies the relationship
bet ween t he exchange-rate regi me and t he behavi or of real exchange rates. He
finds no i ndependent effect of the reginme on the variability of real exchange
rates.

10. The definition of the gold-standard period varies with the countries
bei ng conpared. For Japan it begins in 1897 and for the United States in
1879.

11. See the discussion of cointegration in Engle and Granger, 1987. | apply
this technique to long-termtime series data for Japan, the United States
the United Kingdom and France in ny earlier (1990) paper. Unli ke the data
used here those data excluded the WAl and i nmedi ate postwar years.

Ot her applications to exchange rate data are contained in Abuaf and Jorion
(1990), Baillie and Bollerslev (1989), Diebold, Husted and Rush (1990),
Enders (1988, 1989), Hakkio and Rush (1989), MNown and Wallace (1989),
Tayl or (1988) and Tayl or and McMahon (1988).

12. As | point out below, an estimate different from unity may also be an
indication of omtted variables that affect the equilibrium real exchange
rate.

13. Since there is no way a priori to choose the ordering of the vari ables,
| also ran the reverse set of regressions and conducted the corresponding
tests for cointegration. These resulted in no appreciable change in the
results reported bel ow.
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14. Significance levels for the t-statistics used in these tests are those
of Engle and Yoo (1987).

15. These estimated adjustment speeds are derived fromthe coefficients on
the | agged level terms in equations (6) and (7). The estimated half Ilives
of adjustment are In(.5)/In(1l-B;) and In(.5)/In(1-p;) for the two equations
respectively.

16. For the United States and the United Kingdom the | ag before the effects
of a monetary shock become apparent in prices is often described as being on
the order of two years. Full adjustment —including overshooting —appears
to take |l onger, however. See Darby and Lothian (1983a) for a discussion of
this issue and for esti mates of the adjustment process for the United Ki ngdom
that takes overshooting into account.

17. A sim | ar phenomenon appears to characterize money-price relationships.
(See Gandol fi and Lothian, 1983; and Lothian, Darby and Tindall, 1990).

18. See Yoshio Suzuki (1988) of the Bank of Japan's research department for
an anal ysis based on |l ong-run purchasing power parity of novements in the yen
exchange rates under the current float. Frederick W Sturm (1989) of Fuji
Securities presents a simlar analysis of recent movements in the yen-doll ar

DM-dol | ar, and dol |l ar-pound exchange rates.

19. Evi dence suggesting that this is also the case under the current fl oat
is presented in my (1986) study of the real dollar exchange rates of 11 OECD
countries.



