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Abstract. Thispaper examinesdaafor stock pricesand pricelevelsof 14 developed
countriesduri nﬂ the post-WWII eraand comparesthar behavior in tha samplewith
behavior over the past two centuriesin the UK and the US. Contrary to much of the
literature of the past several decades, we find that nominal equity pricesdo, in fad,
keep pace with movementsin the overall pricelevel. Our results suggest, however,
that thisisonly the case over long periods. Thepuzzle thereforeis not that equities
fail thetest asinflation hedges, as had been cgjtltemdely believed, but that they take

so long to pass G10, E44. Keywords. Stock prices, inflation, Fisher effect,
neutrality, cointegration.



In principle, equities ought to be an inflation hedge. In practice, however, evidence of such
behavior has been difficult to come by. With few exceptions, studies show that nominal returnson
equities do not keep pace with inflation and that real returns and inflation are, in fact, negatively
correlated. Indeed the disparity between theory and data was so common place that it became a
staple of textbook discussions of financial market behavior.

The purpose of this paper isto reexamine the evidence. To do so we use data for fourteen
OECD countries over the post-World War 11 period and time seriesfor the UK and the US over the
longer period 1790 to 2000. What emergesisarather different picturefrom the commonly accepted
one. During the high inflation period in the 1970s and early 1980sin industrial countriesreal stock
pricesdid fall. Real returns were therefore substantially negative. In subsequent years, however,
thosedeclineswerereversed and morethan offset by increases. The patterns of theselater increases
moreover werevery similar to thosethat took placein theimmediate postwar yearsin what arguably
wasacatch up fromthe previouswartimeinflation. The puzzlethereforeisnot that equitiesfail the
test as inflation hedges, but that they take so long to pass.

Theseresults and those of related tests are reported insection |1 below. Asan entreeto that
discussion, we briefly review the theory and the previousliteraturein seaion|. Sectionlll presents
some broader conclusion suggested by thesefindings and outlines additional work to be undertaken

on this subject.

I. Theoretical Considerations

In the standard textbook version of the Fisher equation the nominal yield on a bond is
decomposed into two components, the anticipated rate of inflation over the life of that instrument
and the ex ante, or anticipated, real interest rate on the bond. The real variable, the ex ante real
interestsrate, thus isimmune to changes in the nominal variable, inflation, provided that the | atter
are anticipated. Employing that same logc, researcha's, have posited adirect counterpart of this
bond-market Fisher equation in studying equity market behavior (see, for example, Fama and
Schwert, 1977). The nominal return on equities R} is assumed to consig of two components, the
ex ante red return p¢ and the rate of inflation that agents anticipate E[p, | ©] given their information
set 0
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The difference between equities and bonds, however, is that the income stream yielded by
bondsisfixed beforethefact, whilethat yielded by equitiesisnot, sincefirms nominal earningsand
henceequity pricesand dividends can be expected to risein linewith product prices. Thisdifference
in the characteristics of the two types of instruments means that the conventional Fisher equation

should be rewritten to allow for both unanticipated as well as anticipated inflation:

R: = pf + E[p| €] + {p-E[p| €]}, 1)
or simply,
RE=pt+ Py (2

where p, isthe actual rate of inflation and the bracketed term on the far right side of (1) istherefore
the unanticipated rate of inflation.

Thereasoning underlying therel ationship between returnsand inflation could al so be applied
tothelevel of equity pricesand the pricelevel. Inthe standard model of equity pricing the nominal
priceof acommon stock in the absence of earningsgrowth, P issimply the present discounted value

of the infinitely lived nominal stream of nominal dividends, D:

P2 = DY/R:. ©

Assuming neutrality, we can write an analogous relation linking the nominal equity price, real

dividends and the price level whichin logarithmic form becomes:

pr=37+p, (4)

wherelowercasevariablesare the natural |ogs of their uppercase counterpartsandé = In{ (D/P)/R°)}.
Testsof the relationship between equity returnsandinflation have generally used regression
analogues to equation (1) or (2) astheir basis, equations taking the form either of

t=ot BE[pt| 0] + e, (1a)

or of
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t = o+ BE[p | o] + M{ pt'E[pt| 0]} +e, (2a)

where«, p and A are coefficients to be estimated and e isan error term. In the termindogy of Fama
and Schwert (1977), equitiesarehedges against anticipated inflation if p=1, and acompleteinflation
hedgeif p=1=1.

A considerablenumber of studies have rejected one, and generdly both of these hypotheses,
finding low and even negative coefficients for  and A. In addition to Fama and Schwert, other
studies reporting suchresults include Guletkin (1983) and Kaul (1987). Indeed a sizableliterature
has developed on this subject, the objed of which has been to test various explanations for this
failure.

Overlooked in most of this recent work, however, are the details of Irving Fisher's analysis
of theseissues. In contrast to modern interpretations of the Fisher effect, which usually simply posit
the Fisher equation and justify it on the grounds of market efficiency, Fisher took care to trace out
the process by which interest rates adjusted to inflation. Perhapsinfluenced by the weak empirical
results that he had obtained, Fisher viewed the adjustment as a circuitous and lengthy affair. Asa
practical matter he considered such adjustments more often than not to be incomplete and
characterized by informational problems including asymmetries between the more sophisticated
business sector borrowing funds and the | ess sophisticated consumersultimatel y doing the lending.
Toour knowledge, heengagedin noformal analysisof equity-market behavior. Much of the current
discussion of the Fisher effect istherefore historically inaccurate. Moreimportant, it ignoresissues
that Fisher himsdf quite evidently regarded as crucial, and which in fact may be a good deal more
so than generally believed.

Therecent literature on thebond-market Fisher equationisacasein point. Problemsrelated
to expectations' formation and differences between short-run and long-run behavior are highlighted
in these studies. For example, Mishkin (1993) using bivariate cointegration tests finds along-run
Fisher effect, but no short-run effect. Crowder and Hoffman (1996) using more powerful
multivariateana ogues of such tests corroborate these findings. Evansand Lewis(1995) do provide

evidence of a short-run effect, but they model inflation expectations using a Markov switching

! These studies include Feldstein (1980), Fama (1981), and Geske and Roll (1983).
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model to alow for the effects of changes in the monetary regime, rather than relying onthe simple
proxies used in most other studies.

Several recent studies have presented more positive evidence on the rel ation between equity
returns and inflation. These include Boudokh and Richardson (1993) and Lothian and Simaan
(1998).2 The first uses long historical time series for the U.S. and the U.K.; the second, multi-
country time seriesfor the period since 1973. Both report resultsthat are consistent with along-run,
but not a short-run, relationship. One question that can be raised with regard to Boudokh and
Richardson’ s findings, however, is whether they are applicable to recent decades, sinceit is quite
possible that the structure of the relationship has changed and that this structural change has gone
undetected in their long data set, which by itsvery nature gives heavy weight to earlier periods. The
evidence presented by Lothian and Simaan suggest that such a change has not occurred, but that
paper is subject to a potential problem of another sort. 1t uses very simple techniques, presenting
graphical evidence and bivariate regressions of period averaged data for the 18 OECD countries
studied.®> Asthe authors point out, the results could be purely artifacts of the period over which the
data had been averaged.

II. Empirical Results

We use two bodies of daain the paper. Thefirst is apand data set consisting of annual
seriesfor the United States and 13 other OECD countries over the period 1949 to 1999. The price
level ismeasured by theconsumer priceindex or similar cost-of-living index; the equity-priceindex

used in computing nominal equity returns is whatever index is reported by the International

2 Two other studies that bear mention are Choudhry (2000) and Solnik and Solnik (1999).

Both provide evidence of a positive relationship between nominal equity returns and various

measures of anticipated inflation. Neither, however, shows anything close to compl ete adjustment
to actual inflation.

® Their conclusions arein fact in line with those reached earlier by Cagan (1974) in one of
thefew earlier studiesthat have provided at |east some support the hypothesis of invariance of real
equity returnsto inflation. Cagan used average rates of change of equity pricesfrom the late 1930s
(the starting dates differ slightly from one country to the next) to 1969 as his units of observation.
Hefound apositive relation between the two but concluded that there were extremely long lagsin
the adjustment of equity pricestoinflation. AsKaul (1987) pointed out, however, adjustment still
appeared to be incomplete in the Cagan data, since for many of Cagan's countries viewed
individually the average rate of inflation exceeded the average rate of change of nominal equity
prices.
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Monetary Fund in their | nternational Financial Statistics, generd ly, though not always, an index of

industrial shareprices.* Sincewewant datafor alarge number of countries over aslengthy aperiod
as possible we use these data even though dividends are omitted.

Our second body of datais along historical data set for the UK andthe US. The UK data
arefor the period 1790 to 2000; the US dataare for the somewhat shorter period 1800 to 2000. As
will become apparent from the discussion immediaely below, long historical data of thissort can

be a useful complement to the panel data.

1. A. Overview of the Panel Data

Figures 1 and 2 and Table 1 provide an overview of behavior in the panel data. Shownin
Figure 1 isthe average of the de-meaned log of the real equity price indexesin the 14 counties and
one-standard-deviation bands about those averages. Shown in Figure 2 are comparable figuresfor
thefirst differencesof thisratio, our proxy for real returns. Presented in Tablel are means, standard
deviations and first order autocorrel ation coefficients for the changesin log real equity prices.

Several features of these charts deserve comment. Thefirst isthe upward drift in average
real equity prices over thefull time period. Weseethisquiteclearly in Figure 1. The bands plotted
in that chart suggest, moreover, that asimilar pattern must have prevailed in most of the countries
individually. This is confirmed further by a glance at the country means listed in Table 1. The
changesin log real equity pricesrange from an average of 0.4 per cent per annum for New Zealand
to an average of 6.0 per cent per annum for Germany. A second feature of the data brought out by
both Figure 1 and Figure2 isthe seriesof long swingsthat characterize these data. For roughly the
firsttwo decadesreal equity pricesincreased. Ove the next decade and ahalf or so, in contrast, they
decreased, only to increase once again over the latest decade and a half.

<Figures 1 and 2 and Table 1 about here>

* Figures for the cost-of-living indexes are yearly averages as listed in line 64 of the
International Financial Statistics; the equity price indexes are yearly average serieslisted in line 62.
Because the IMF equity data do not include dividends, we use measures of the average rates of
growth of equity prices, as a proxy for equity returns.
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Theresult istwo protracted cycle-likemovements. Inthe terminology used in the National
Bureau of Economic Research’ shusinesscycleanalysis, thereisan“ expansion phase’ running from
1949 to 1969, the year in which the aver age seri espesks, followed by a “ contraction phase” ending
withatroughin 1982. If we arbitrarily call the year 2000 the peak and assume that 1939 marked an
earlier peak (asin Cagan, 1975), we see two approximately thirty-year, peak-to-peak cycles with
expansions that in both instances are goproximately twice as long as the contractions.

In making such calculations, we are not hinting at a structural explanation for the two sets
of movements. The object is simply to provide a description of behavior over this period. What
it shows— and thisis the third important point brought out by the charts — is the paucity of truly
independent movementsin the data over these fifty years. Thisisa fortiori the casefor the period
from the early 1960s through the mid-1980s that has been most heavily studied. It isnot surprising
that negative findings have been reported for that sample. Real equity prices declined during these
yearsin the midst of high and, in many countries secularly rising, inflation. While such behavior
does not now appear representative of experience over the sample period as awhole, this was not
at al clear fifteen or so yearsago. Still dominating the data at that point was the downward swing
inreal equity pricesthat beganinthemid-1970s. That being so, noamount of econometricingenuity
could have solved the problem and come up with positive findings using datafor that samplealone.

This last feature of the data is a further illustration of the phenomenon that has been
discussed very heavily intheliterature on purchasng power parity: the importance of data span, as
opposed to data frequency. Distinguishing between slow mean reversion and unit-root behavior has
proven almost impossible using conventional tests and single-country time series; extremely long
time series or panel dataare required.” This should not be surprising. If the deviations from | ong-
term equilibrium are persistent, the number of episodes in which such deviations occur rather than
year-by-year or quarter-to-to-quarter behavior within those episodes will contain the more

meaningful information about equilibrium behavior.

IL.B. Unit Root Tests for Nominal Equity Prices and CPlIs

®> See L othian and Taylor (1996, 1997) for discussionsof thisissuein the context of the PPP
relationship. General discussons in the time-series econometric literature include Shiller and
Perron (1985) and Hakkio and Rush (1991).
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Sinceitisclear that equity pricesand thegeneral level of pricesa best areonly very weakly
connected over the short run, we focus on the long run. The specific issues that we address are
whether over such time spans, the two do in fact bear the positive relationship suggested by theory
and whether nominal equity prices have (at least) kept pacewith inflation.

A standard way of addressing long-term behavior isintermsof cointegration anaysis, since
as Engel and Granger (1987) have demonstrated, there is a dired correspondence between the
econometric concept of cointegration and the economic concept of long-run equilibrium. A
necessary condition for two series to be cointegrated is that they both integrated of the same order.
We therefore firg conducted unit root tests for log equity prices, log price levels and their first
differences. We used both augmented Dickey Fuller tests and Phillips Perron testsin each instance.
Test resultsfor thelog levels of the CPI and the equity price index are reported in Tables 2aand 2b
respectively. In no instance, could we reject the unit root null for either of the two series. We
therefore conducted similar tests for the first differences of the logs of the two series. These are
reported in Tables 3aand 3b. Herethe results were mixed. For thedifferenceinlog nominal equity
prices we could always reject the unit root null. For the CPI the results varied by country. Log
equity pricestherefore appear to bel (1); whilefor thedifferenceinthe log CPI, theevidenceisless
clear.

Given this indeterminancy we ran tests for both the levels and the first differences of real
equity prices. Inthefirst case, wealowed for adeterministic trend in real equity prices. The second
presupposes the existence of a stochastic trend. Arguably, it isthe more realistic of thetwo. Any
upward drift in real equity pricesis, we suspect, most likely due to factorslike productivity shocks
the effects of which are one-off but highly persistent. They will therefore be better approximated
by a stochastic trend rather than a deterministic trend.

<Tables 2a, 2b, 3a and 3b about here>

I11.C. Unit Root Tests for Real Equity Prices
In analyzing real equity prices, the question that we address is whether the two seriesdo in
fact share acommon trend — whether CPIs and equity price indexes are cointegrated and whether,

as theory suggests, they bear a one-to-one long-run rdationship to one another. The simples way
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to test for such arelationship isto examine the behavior of log real equity prices. To see why this

is so consider the following regression:

PE=o+ B P+ g (5)

where « and p are coefficients and p isthe error term.
Suppose p° and p are cointegrated and related one-to-one. Thenpu will be stationary and 8
will be unity. One way to test whether these conditions hold is to impose the constraint f=1, in

which case (5) becomes:

rpy= o+ (6)

whererp® = p® - p, thelog of red equity prices, and then to apply a unit root test to thisratio. Inthe

simplest case, thisisatest of the hypothesis A = 1 in the autoregression:

rpt= o+ Arpi; +ny ()

If weregject thishypothesis, theimplication isthat rp°®is mean reverting and does so at aspeed of 1-4
per period.

Hamilton (1994) arguesthat thisis more powerful than the conventional two-step Engleand
Granger cointegration tests. Thisincreased power comes about, however, as aresult of imposing
the constraint = 1 in equation (5). This can be tested using the procedure described in Hamilton
(1994, pp. 608-613).

We conducted these tests for each of the countries individually bath with and without a
deterministic trend in the regression. We report these results in the upper half of Table 4a. Inno
instance could we reject the unit root null. In all instances, however, we obtained point estimates
of A that were lessthan one, but in most instances not substantially so. Thisis consistent with very
slow reversion totrend, but certanly offerslittle proof that such behavior isacually characteristic
of thesedata. It could be that it is and that low test power is obscuring that fact; alternatively real
equity prices could contain apermanent component.

Totry toincreasetest power, wetreat the datafor the 14 countries asapanel data set and use
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the Im et al (1997) t-bar test. The t-bar test stdistic isthe average of the individual t statistics from
augmented Dickey-Fuller (ADF) unit root tests for each of the 14 countries in our study standardized by
subtracting the expected value of the distribution of the t statistics under the null hypothesis of a unit root
and dividing by the standard deviation. Estimates for the expeded values and variances are calculated by
Im et al (1997) and reportedin Table 2 of their paper for ADF tests with and without atrend for lag lengths
from0to 8. Thisstandardized t-bar statistic is shown to be distributed standard normal. Theresults
for our panel are presented in the lower half of Table4a. Thesetestsreject the unit-root null inthree
of four instances when atimetrend isincluded in the test regression, but in only one instance when
thetrendisexcluded. Thereare, moreover, several potential econometric problems surrounding the
use of these tests that could cause them to be misleading® For these and for other reasons we turn
to the differenced data.

<Tables 4a and 4b about here>

Theresults of these tests are presented in Table 4b. Herethe evidenceisunambiguous. In
al of the countries viewed individually, we can reject the unit root null at very high levels of
significancein the differenced data. Hence eventhough there may permanent shocks may affect
the relationship between the level of nominal equity pricesand the pricelevel, their rates of change

converge.

IL.D. Evidence from the long-term time series

Fifty yearsworth of observations on the surface appearsto bemore than suffiagent for valid
statistical inference. As earlier discussionindicated, the dataexamined here are dominaed by only
twolong-lived cycle-likemovements. Separating trend from cycleand discerning thetruelong-term
drift of real equity pricesis, therefore, extremely difficult. The use of multi-country data solvesthe
problem to some degree but not completely, since thereis likely to be at |east some cross-country

correlation in thedata, and since inany event such data sets are still too short,

® One such problem is cross-country correlation (see O’ Connell, 1998); a second is the
possibility that one country (or a few countries) are responsible for the rejection (see Taylor and
Sarno, 1998).
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Thehistorical datafor the UK andthe US mentioned above arean additional way of dealing
with thisissue. Figures 4 and 5 show plots of the log real equity price indexes for the UK and the
USand their two nominal componentsover the peri ods 1790to 2000 and 1800t0 2000, respectively.
Figure 3 providesaplot of one county’sreal equity price seriesagainst theother’s. Several features
of these charts deserve comment. Thefirst isthe substantial and acoelerating upward trendsinthe
nominal seriesfor both countries particularly during the course of thelast century. The other isthe
more moderate, but still upward, drift in both countries' real equity price series. Asin the panel
data, equities again prove to be an inflaion hedge. Again, however, it takes an exceedingly long
time for this to happen. At shorter, though still quite lengthy time horizons, there is a negative
relationship between price levels and the real equity prices. Following accelerations in the price
level we see long cyclical-type downswingsin real equity prices lasting years. We see thisinboth
countries during both of the two World Wars, the US Civil War, and the Napoleonic Wars, in the
US afew decadeslater in the nineteenth century and, as earlier mentioned, in both countries during

the two decades following the breakdown of Bretton Woods.

<Figures 3, 4, 5 about here>

Moreformal evidenceonthebehavior of real equity pricesinthetwo countriesover thislong
period ispresented in Table 5. Shown there are the results of unit root testsfor both the levelsand
first differencesof log real equity prices. Theresultsfor the levelsare mixed —rejectionfor the UK
but not the US. Aswith the panel data the resultsfor thefirst differences show strongrejectionsin
al instances. Theinferenceto bedrawnisthereforesimilar: Over thelong runwe seeinflation and
nominal equity returns converge as well as a tendency for nominal returns to drift up relative to
inflation.

<Table 5 about here>

III. Summary and conclusions
In this paper we examine data for stock prices and price levels of 14 developed countries
during the post-WWI1 era and compare behavior in that sample with behavior over the past two

centuriesin the UK and the US. The evidence derived from both is virtually the same.
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Contrary to much of theliterature of the past several decades, wefind that equitiesareinfact
an inflation hedge. Our results suggest, however, that thisis only the case over very long periods.
They, therefore, corroborate the findings reported by Cagan (197 4) in apaper written asthe decline
in real equity prices of the 1970s had just gotten underway. Examining a multi-country data set
similar to ours, he concluded that equity markets did adjust to inflation, but that the adjustment
period lasted more than a decade.

The issue that needs to be addressed is why this adjustment process is so drawn out and,
hence, why departures of real equity prices from neutrality are so long lived. Viewed from the
perspective of the modern literature in both finance and in economics more broadly defined, such
behavior is a puzzle of the first dimension. Market efficiency and the rational expectation’s
hypothesisare usually taken to imply quick adjustment of economic variablesto shocks and neutral
behavior of real variables even over rather short periods. Thisisnot what either we or Cagan have
found. On the contrary, both sets of results are much more inline with those reported very much
earlier by Irving Fisher in hisempirical analysis of what subsequently has been termed "the Fisher
effect.” Commenting on the extremely slow and incompl eteadjustment of nomind interest ratesto
inflation, hewrote (1930, p. 416) "[I]f adjustment were perfect, unhindered by any failureto foresee
future changesin the purchasing power of money or by custom or law or any other impediment, we
should have found a very different set of facts.”

The alternative explanation sees the negative relation between returns and inflation as
behavioral phenomenon. Barnes, Boyd, and Smith (1999) argue that inflaion is non-neutral, that
increasesininflation giveriseto capital marketinefficienciesand henceadversely affect investment
and real income. The appearance of long lags in adjustment in their view is really two separate
movements—adeclineinreal equity prices brought about by theincreasein inflation and resultant
decline in real income, followed by arise in real equity prices due to the subsequent dedine in
inflation and rise in real income.

Friedman, in contrast, sees the variability of inflation — rather than the rate per se — asthe
problem. More variable inflation, in his view, mean less predidable inflation. The result is a
decrease in the efficiency of the price system, which in turn leads to lower real income and higher
unemployment. Friedman makesthisargument in connection with the Phillips Curve, but itisdso
applicable here.



12



13

References

Barnes, Michelle, John H. Boyd, Bruce D. Smith, 1999. “Inflation and Asset Returns,” European
Economic Review 43, 737-754.

Boudokh, Jacob, and Matthew Richardson, 1993. "Stock Returns and Inflation: A Long Horizon
Perspective.” American Economic Review 83, 1346-1355.

Cagan, Phillip, 1974. "Common Stock Values and Inflation: The Historical Record of Many
Countries." Annual Report Supplement, National Bureau of Economic Research. National
Bureau of Economic Research, New Y ork.

Choudhry, Taufig, 2001. Inflation and Rates of Return on Stocks. Evidence from High Inflation
Countries,” Journal of International Financial Markets, Institutions and Money, 11, 75-96.

Crowder, William, J. and Dennis L. Hoffman, 1996. "The Long-Horizon Relationship between
Nominal Interest Ratesand I nflation: The Fisher Effed Revisited." Journal of Money, Credit
and Banking 28, 102-118.

Engle, Robert F., and Clive W.J. Granger, 1987. "Co-integration and Error Correction:
Representation, Estimation and Testing," Econometrica, 55, 251-77.

Evans, Martin D.D. and Karen Lewis 1995. "Do Expected Shiftsin Inflation Affect Estimates of
the Long-Run Fisher Effect.” Journa of Finance 50, 225-253.

Fama, Eugene, 1981. "Stock Returns, Real Activity, Inflation and Money." American Economic
Review, 71, 545-565.

Fama, Eugene, and G. William Schwert, 1977. "Asset Returns and Inflation." Journal of Financial
Economics, 5, 115-146.

Feldstein, Martin, 1980. "Inflation and the Stock Market." American Economic Review, 70, 839-
847.

Fisher, Irving, 1930. The Theory of Interest. Macmillan, New York. [reprinted by Augustus
Kelley, New York, 1961].

Friedman, Milton, 1977. “Nobel Lecture: Inflation and Unemployment,” Journal of Political
Economy, 85, 451-472.

Geske, Robert and Richard Roll, 1983. "The Fiscal and Monetary Linkage between Stock Returns
and Inflation" Journal of Finance, 38, 1-33.



14

Guletkin, N. Bulent, 1983. "Stock Market Returns and Inflation: Evidence from Other Countries."
Journal of Finance, 38, 49-65.

Hakkio, Craig and Mark Rush, 1991. "Cointegration: How Short is the Long Run?." Journal of
International Money and Finance, 10, 571-81.

Hamilton, James D. 1994. Time Series Analysis. Princeton University Press, Princeton.

Im, K.S., Pesaran, M.H. and Shin, Y. 1997, Testing Unit Roots in Heterogeneous Panels,
Working Paper, Department of Applied Economics, University of Cambridge.

Internationd Monetary Fund, Internaional Financial Statistics, variousissues and CD ROM.

Kaul, Gautam, 1987. "Stock Market Returns and Inflati on: The Role of the Monetary Sector.”
Journal of Financial Economics, 18, 253-276.

Lothian, James R. and Mark P. Taylor, 1996. "The Recent Float from the Perspective of the Past
Two Centuries." Journal of Political Economy, 104, 488-509.

Lothian, James R. and Mark P. Taylor, 1997. "Real Exchange Rate Behavior," Journal of
International Money and Finance, 16, 945-954.

Lothian, James R. and Yusif Simaan, 1998., "International Financial Relations under the Current
Float: Evidence from Panel Data," Open Economies Review, 9, 293-313..

Mishkin, Fredric S., 1993. "Is the Fisher Effect for Rea?', Journal of Monetary Economics, 30,
195-215.

O’ Connéll, Paul G.J., 1998. “The Overvauation of Purchasing Power Parity,” Journal of
International Economics, 44, 1-19.

Shiller, Robert J., and Pierre Perron, 1985. "Testing the Random Walk Hypothesis: Power
Versus Frequency of Observation." Economics Letters 18, 381-386.

Solnik, Bruno and Vincent Solnik, 1997. "A multi-country test of the Fisher model,” Journal of
International Financial Markets, Institutions and Money, 7, 289-301.

Taylor, Mak P. and Lucio Sarno, 1998. “TheBehavior of Red Exchange Rates During the Post-
Bretton Woods Period,” Journal of International Economics, 46, 281-312.



logs

logs

Fig. 1. 14-Country average
real equity prices

-1 -5 L] L] L] L] L] ] L] L] T
1950 1960 1970 1980 1990 2000

Fig. 2. 14-country average
real equity returns

0.6

0.8 F ok
0.2 +-- V- AN A-AY A
[

0 4

o2 1y N s - LI S

7 .

-O-E L] L] L] L] L] ] L] L] T
1950 1960 1970 1980 1990 2000

15



16

Fig. 3. US and UK real
equity prices,1800-2000
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Table 1. Summary statistics for real equity returns, 1950-1999

Mean Std. Dev. Rho

Australia 11 16.9 0.188
Canada 29 13.8 -0.003
Denmark 2.3 17.5 0.056
France 3.9 185 0.189
Germany 6.0 19.3 0.362
Ireland 2.7 200 0.338
Italy 2.0 24.5 0.333
Japan 4.8 19.2 0.226
Netherlands 39 169 0456
New Zealand 0.4 176  0.186
Norway 14 18.9 0.154
Sweden 5.6 17.5 0.120
UK 3.0 15.8 0.196
us 54 135 0.190
14-Country average 3.2 17.9 0.214

Note: Means and standard deviations were computed for first
differences of Io?_ real equity prices and have been multiplied by
100. Rhoisthefirst order autocorrdation coefficient.



Table 2a. Unit root tests for log level of CPI;
annual data, 1949 to 1999

Ap,=a,+a, p, tXb; Ap

ADFtest P-Ptest

Australia -0.024 -0.635
Canada -0.490 0.176
Denmark -0.683 -0.5%4
France -0.343 -1.020
Germany -0.053 0.369
Ireland -0.856 -0.229
Italy -0.696 0.404
Japan -2.158 -1.234
Netherlands -1.161 -1.181
New Zedand -0.622 -0.070
Norway -0.165  -0.662
Sweden -0.792 -0.196
UK -0.753 0.074
us -0.550 0.634

Critical values far Dickey-Fuller, Augmented Dickey-Fuller tests

and the Phillips-Perron tests at 0.01 and 0.05 levels of significance

%re -3.58 and -2.93. Lag length on ADF chosen using Akaike
riterion.



Table 2b. Unit root tests for log level of nominal equity prices;
annual data, 1949 to 1999

Ap‘,=a,+a, p°, +Xb; Ap®,

ADFtest P-Ptest

Australia 0150 0.238
Canada -0.741  -0.699
Denmark 0.289  0.408
France -0.192 -0.340
Germany -1.148 -1.660
Ireland 1.043  1.158
Italy -0.382 -0.270
Japan -1.665 -1.640
Netherlands 0495  0.817
New Zealand 0369 0.241
Norway 1.136 1.313
Sweden 1.209 1.231
UK 0.688 0.738
) 0.651  0.662

Critical values for Dickey-Fuller, Augmented Dickey-Fuller and
Phillips-Perron tests at 0.01 and 0.05 levels of significance are -
3.58 and -2.93. Lag length on ADF chosen using Akaike Criterion.



Table 3a. Unit root tests for first difference of log CPI;
annual data, 1949 to 1999

A’p,=a,+a, Ap,, +Z b, A’p,,

ADFtest P-Ptest

Australia -2.203  -2.336
Canada -2.347 -2.298
Denmark -2478 -2.307
France -3.391 -3.284
Germany -6.301 -6.275
Ireland -2.309 -2.040
Italy -2.503 -2.496
Japan -4.886 -5.198
Netherlands -3.646 -3.490
New Zedland -1.922 -1.741
Norway -3.246 -2.913
Sweden -3.528 -3.592
UK -2.349 -2.278
us -3.100 -3.150

Critical values for Dickey-Fuller, Augmented Dickey-Fuller and
Phillips-Perron tests at 0.01 and 0.05 levels of significance are -
3.58 and -2.93.Lag length on ADF chosen using Akaike Criterion.



Table 3b. Unit root tests for first difference of lo9g nominal equity price;
annual data, 1949 to 199

Azpet =a,+a, Ap°, tXb Azpet-i

ADF P-P
Australia -5.939 -6.070
Canada -7.415 -7.690
Denmark -6.276  -6.229
France -5820 -5.897
Germany -3.264 -4.767
Ireland -5.405 -5.201
Italy -5.146 -4.858
Japan -6.007 -6.048
Netherlands -4.949 -4.489
New Zeadland -3.698 -5.608
Norway -6.013 -5.961
Sweden -6.305 -6.304
UK -6.161 -6.312
us -6.306 -6.277

Critical values for Dickey-Fuller, Augmented Dickey-Fuller and
Phillips-Perron tests at 0.01 and 0.05 levels of significance are -
3.58 and -2.93. Lag length on ADF chosen using Akaike Criterion.



Table 4a. Unit root tests for log level of real equity price;
annual data, 1949 to 1999

Arp‘ =a,+a, rp‘, + a,t +X b, Arp®;

ADFtest ADFtest P-Ptest P-Ptest
notrend withtrend notrend notrend

Australia -2.279 -1.990 -1.881 -2.167
Canada -2.406 -2.860 -2.380 -2.875
Denmark -0.702 -1.835 -0.620 -1.813
France -1.319 -1.456 -1.121 -1.356
Germany -1.791 -2.270 -2.285 -2.397
Ireland -0.735 -2.344 -0.720 -1.607
Italy -2.256 -2.292 -1.784 -1.776
Japan -1.781 -3.077 -1.687 -2.093
Netherlands -1.047 -1.392 -0.099 -0.667
New Zeadland -2.836 -2.874 -2.150 -2.003
Norway -0.567 -0.532 0.805 -0.451
Sweden 0.839 -0.614 -0.714 -0.743
UK -0.735 -1.901 -0.750 -1.544
us -0.379 -0.849 -0.610 -1.193

Critical valuesfor Dickey-Fuller, Au%mented Dickey-Fuller and
Phillips-Perron tests without trend at 0.01 and 0.05 levels of
significance are -3.58 and -2.93. Critical valuesfor Dickey-Fuller,
Augmented Dickey-Fuller and Phillips-Perron tests with trend at
0.01 and 0.05 levds of significance are-4.15t0 -4.17 and -3.50 to
3.51, depending upon the exact form of the test regression. Lag
length on ADF chosen using Akaike Criterion.

t-bar test

Olags llag 2lags 3lags
ADF tests; with intercept, no trend 2.928 0.433 1.841 1.403
ADF tests; with intercept and trend 3.666 1.014 2924 2281

The t-bar statistic (Im et al, 1997) is distributed standard normal.
Critical valuesfor 2 tail test for 0.01 and 0.05 level of significance
are 2.54 and 1.96.



Table 4b. Unit root tests for first difference of log real equity price;
annual data, 1949 to 1999

A’rp®,=a,+a, Arp, +Z b, Arp‘,

ADFtest P-Ptest

Australia -5.432 -9.5/3
Canada -6.965 -7.043
Denmark -5.748 -6.415
France -5.652 -5.731
Germany -6.014 -4.523
Ireland -5.116 -4.702
Italy -4.952 -4.730
Japan -3.200 -5.700
Netherlands -4.506 -4.145
New Zeaand -3.683 -5.645
Norway -5.872 -5.808
Sweden -6.079 -6.068
UK -5.576 -5.493
us -5.664 -5.641

Critical values for Dickey-Fuller, Augmented Dickey-Fuller and
Phillips-Perron tests at 0.01 and 0.05 levels of significance are -
3.58 and -2.93. Lag length on ADF chosen using Akaike Criterion



Table 5. Unit root tests for log levels and first differences of log
levels of real equity prices; long-term UK and US times series.

P-Ptest ADF test

Levels

UK -3.954° -4.266°
us -2.269 -2.279
Differences

UK -12.418* -10.6822
us -12.986* -8.0622

Note: t values arelisted beneath the coefficients;
the superscripts aand b indicate significance at the
.01 and .05 levels.

25



