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Uncovered Interest-Rate Parity over the Past Two Centuries

Abstract

We study the validity of uncovered interest-rate parityRJby constructing ultra long time series
that span two centuries. The forward-premium regressiaid positive slope estimates over the whole
sample period and become negative only when the sample imdtad by the period of 1980s. We also
find that large interest-rate differentials have signiftbastronger forecasting powers for currency move-
ments than small interest-rate differentials. Furtheemathen we regress domestic currency returns on
foreign bonds against returns on domestic bonds as anaiierest for UIP, the null hypotheses of zero
intercept and unit slope cannot be rejected in most casese-$eries plots of the two return series re-
veal that their differences are close to zero on averadedh large deviations can occur during some
sample periods. A historical account of expected and regliegime changes further illustrates how
uncovered interest-rate parity holds over the very lond hatican be deviated from for a long period
of time due to slow adjustment of expectations to actualnegihanges or to anticipations for extended

periods of regime changes or other big events that neveriaae.

JEL CLAssIFICATION CoODES. G12, F31.

KeEYy WoRDS. Uncovered interest-rate parity, expectation hypothesis, regime chagrgall sample prob-

lem, Peso problem, extreme sampling.



Uncovered Interest-Rate Parity over the Past Two Centuries

1. Introduction

Uncovered interest-rate parity (UIP) is one of three key internationah&ial relations that are used
repeatedly in the fields of international finance and open-economy ntacremics in both model con-
struction and other analytical work. The other two, purchasing powetyd@PP) and real interest-rate
equality, which a decade ago appeared to be of questionable empiritiabapipy, have now been al least

somewhat rehabilitated. Uncovered interest-rate parity, howeverohégen nearly so fortunate.

Indeed, one of the most puzzling feature of exchange-rate behavierthe advent of floating exchange
rates in the early 1970s is the tendency for countries with high interestoages their currencies appreciate
rather than depreciate as UIP would suggest. This UIP puzzle, knownathiés guise as “the forward-
premium puzzle,” is now so well documented that it has taken on the auratglized fact and as a result
has spawned a second generation of papers attempting to account xistéeee. See, for instance, Fama
(1984) Hodrick (1987), Bekaert and Hodrick (1993), Bekae®98), Dumas and Solnik (1995), Engel
(1996), Flood and Rose (1996), Bansal (1997), Bakshi and N&&v), Backus, Foresi, and Telmer (2001),
Chinn and Meredith (2001), Bekaert, Wei, and Xing (2003), and Baeramd Xia (2005).

Most of the empirical investigation focuses on the sample period of the lates1®8Yd the 1980s, a
period dominated by the persistent appreciation of the dollar. We conjebtatrthe negative results are in
part driven by the unique features of this sample period. We furthgectome that while the market tolerates
small deviations from UIP for a relatively long period of time due to marketifms such as transaction
costs, UIP — like PPP — will hold much better over the long run and reversiothe parity condition will

become stronger and more obvious when the deviations are large.

We test these hypotheses with a careful selection of both data and method#biost, we construct
ultra-long time series on two currency pairs, French franc versus tivedmierling and the US dollar versus
sterling. The time series span two centuries so that our tests will be freeafigriocal features of a short
sample period. Equipped with these long data series, we run the formemdemn regression for both the
whole sample and some interesting subsample periods. We also run theigegresng rolling windows

to see how the estimates vary with the sample periods. Second, to test thedsjgptiht small deviations



from UIP are tolerated while large deviations are likely to be followed byrstons to parity, we apply the
principle of extreme sampling and run regressions conditional on largeraatl UIP deviations to detect
differences in the regression slopes. We investigate these phenomiiiea fising a non-linear specification

that allows smooth transition from small to large deviations.

The results confirm our hypotheses. First, we run forward-premigmessions of depreciation rates
on nominal interest-rate differentials. UIP implies that the regression stapddsbe one while traditional
evidence often generates negative estimates. Our regressions ovendhttme series generate results
much more in accord with the expectation hypothesis: The regressions slappositive for both currency
pairs and the slope estimate is not significantly different from one focfsaerling. Hence, the uncovered
interest-rate parity holds much better over the long run than suggesteddiijotral evidence over short

samples.

Second, our rolling window regressions confirm our conjecture thahégative slope estimates are
mainly a special feature of the late 1970s and the 1980s. Indeed, orstartief the sample period switches
to the early 1970s, the regression slope estimates become negative faubeihicy pairs. In all three
countries, this was a period of substantial inflation, the culmination of an leigligrunprecedented three-
decade period in which inflation trended up continually and reached higiedacetime highs. The first
break in the process came in 1979 in the UK following the Thatcher electiorirendnsuing move to
much tighter monetary policies. A similar shift began in the US shortly after Raluk¥r became Federal
Reserve Chairman and gained momentum following the 1980 Reagan electiershift in France came
several years later. Nevertheless, in all three countries, the publicnemnskeptical several years after
the actual policy changes. Expected inflation rates remained high sgearal after the actual inflation
rates had decreased significantly. Therefore, we argue that thitveeggression slopes during this sample
period are mainly a result of a failure of expectations to adjust over andaadieperiod of time to the regime

switch.

Third, when we run regressions conditional on large deviations, thhesgign slopes for both pairs of
currencies are not significantly different from unity, thus confirmingamnjecture that although the market
tolerates small deviations from UIP for a relatively long period of time, UIR$iover the long run and the

reversion to parity becomes stronger when the deviation is large.

The forward-premium regression is formulated based on the martingateht®gis on the forward ex-



change rates. Linking that hypothesis with the covered interest-rate [gaity to the test of UIP. Another
perspective of UIP is the hypothesis that investing in foreign and domesiitsbshould generate the same
expected returns when they are computed under the same currened @athis perspective, we propose
an alternative test of UIP by comparing the returns on investing in the forgig domestic bonds. We
regress the return on the foreign bond in domestic currency, which isutheofthe foreign interest rate
and the currency depreciation rate, against the return on the domesticvdoich is simply the domestic
interest rate. Under the null hypothesis of UIP, the intercept estimatdédshezero and the slope estimate
should be one. The regression results cannot reject either hypatnesist cases. Furthermore, when we
plot and compare the two return series, we observe that their differ@mednsignificantly different from

zero on average, although large deviations can occur and persigj dome sample periods.

Finally, to better understand the behavior of UIP during the past two destfuve decompose the
UIP deviation into two components: (1) the deviation from real interest-igialgy and (2) the deviation
from purchasing power parity. A historical account of the major UlRat@ns indicates that during the
nineteenth century these deviations are mainly due to deviations from re@sintate equality, but the
UIP deviations during the more modern period are mainly driven by deviaffons purchasing power
parity. Furthermore, no matter whether they are from nominal or realrfiaatwst of the deviations can be
attributed to one of the two following problems: (1) A peso problem, where thestors are anticipating
a large event that only materializes after the specific sample period and banonly be captured by an
ultra long sample, or (2) a missed expectation problem, e.g., a regime or polich sinat investors fail to
realize is happening for an extended period of time. Both problems becomi®e sehen the data set only
covers a relatively short sample period. The most efficient way to digaltkese problems is to construct

an ultra-long sample, which we do in this paper.

Irving Fisher reached a very similar conclusion almost a century ag@ (Egint of the 1907 edition).
Fisher treated UIP and what is now called “the Fisher effect” as the tws siithe same theoretical
coin. Both involve rates of interest in two different standards (two monig¢kdarformer case and money
and commodities in the latter case) and a rate of relative appreciation betvesenstandards (exchange
rate change and inflation, respectively). While he found empirical stipmoboth relations, such support
was in general far from perfect. Fisher puzzled in particular over thestipn of why nominal interest
rates more often exhibited only partial adjustment to variations in the rate dionflaHe pointed to two

possible explanations (page 287 forward). One is that when the prieeisimg, the cause may not have



been monetary but may instead have been a “progressive scarcityofagities produced and exchanges.
The other, which he regarded as the more important of the two, is that “tbe mmovements may have
been only imperfectly foreseen.” He argued, however, that “Wheg fmriods of price movements are
taken, the influence of appreciation on interest is more certain,” be¢plmsaverages covering so many
years (a decade in the specific case he considered) we may be swaectdental causes are almost wholly

eliminated.”

Our results are very much in accord with this explanation, albeit for the relagbveen bonds in two
currencies rather between bonds and commaodities. Taken togethexsolis suggest that UIP works better
(1) at long investment horizons (e.g., yearly versus monthly), (2) ovey tome periods (e.g., centuries
versus decades), (3) in the presence of large deviations, and (4nis &€ holding-period returns. All four
cases reduce the potential impact of random noises, expectation, emdfser missed expectations. The
first three cases reduce the errors via averaging. For the lastifcésze is a temporary expectation error
in the currency movement, its impact on the forward-premium regressiorgisr [dran its impact on the

holding-period-return regressian.

In an influential paper, Fama (1984) attributes the behavior of forwaddsapot exchange rates to a
time-varying risk premium. Fama shows that a negative slope estimate from Fhesghession implies
that the risk premium on a currency must (1) be negatively correlated wigljiiscted rate of depreciation
and (2) have greater variance. Modern currency pricing models,Bagkus, Foresi, and Telmer (2001)
and Leippold and Wu (2003), can accommodate flexible enough risk prespanifications to generate a
negative regression slope, but the implied market price of risk oftensvememuch to seem plausible. Our
empirical investigation indicates that it is not the market price of risk that vaviklly over time, but the

regression estimates based on short samples that we cannot rely on.

Nevertheless, even with the ultra-long sample and with nonlinear regressiertreme sampling tech-
nigques, we find that the overall predictive performance of UIP is rgiber, especially over shorter periods
and for small interest-rate differentials. The universally low R-squaimea these predictive regressions
are consistent with market efficiency, but they also show that if there tidiaesl fact about UIP, it is not
as commonly believed the anomalous negative relationship between inteeadiffeaxentials and exchange

rate depreciation rates observed in the 1980s, but the fact that thexy isften little relationship one way

1For a review of corroborative evidence, see Chinn (2006).
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or the other. Especially over short runs, exchange rates move vetty imiependently of the interest-rate

differentials between the two countries.

In related literature, Baillie and Bollerslev (2000), Bekaert and Hodr2€0(), and Bekaert, Wei, and
Xing (2003) show how small sample can bias the regression tests to overiwbly reject the expectation
hypothesis even when it holds. Hallwood, MacDonald, and MarshQR&0d Lewis (1988) argue how the
peso problem in a short sample can dramatically alter the results on expetigiothesis regressions. The
literature has proposed statistical methods to correct for small-sample lelesg(i8 Hodrick, and Marshall

(1997)), but the ultimate remedy for the peso problem is to use an ultra-dongls.

The remainder of the paper is organized as follows. The next secti@miloes the construction of
the long data series. Section 3 presents the results from forward-premguessions and regressions on
holding-period returns. Section 4 considers the extreme sampling and strenwghiion nonlinear regres-

sions. Section 5 performs a historical analysis over the past two cent8geson 6 concludes.

2. Data Construction

The data set consists of annual observations of dollar-sterling amct$tarling exchange rates, as well
as long-term and short-term interest rates for France, the United Kimgdod the United States. The
dollar-sterling exchange rate data span more than two centuries (239 peaween 1791 and 1999. The
franc-sterling exchange rate starts in 1802 with 198 years of data. Témeshrate data span just two

centuries between 1800 to 1999.

The interest rate and exchange rate data are constructed from| seueaes. Refer to Appendix A
and Lothian and Taylor (1996) for details on the exchange rate sedelsadiian (2000) for details on the
interest-rate series. The long-term interest rates for all three couatriethe short-term series for UK and
France all start in 1800. The short-term series for the United Statesrste881. The short-term interest

rate series for France have missing observations from 1914 throagh 19

Figure 1 plots the two exchange-rate series for the past two centuriestd?¥914, franc-sterling shows
almost no movement. This stability is a product of the specie standards to wiiltkduntries adhered —

in the case of France, a bimetallic standard pre-1875 and gold thereaftein the case of the UK, gold



from 1821 on. Dollar-sterling over this period is more variable, but this & chefly to behavior in two
wartime episodes — the lower US than UK inflation during the Napoleonic Wartharhigher US than UK
inflation during the Civil War. Over most of the rest of the period, dolterisng appears as stable as franc-
sterling. As the twentieth century wears on, the picture changes dramatioaliyng the two World Wars
and their aftermaths, the inter-war years, and under the post-Brettod:8\ftoat, exchange-rate variability

is markedly greater.

[Figure 1 about here.]

Figure 2 plots the time series for both the short-term (solid lines) and the lomgfteashed lines)
interest rates. Interest rates for all countries were abnormally highgllate 1970s and early 1980s, but
came down in the 1990s. Overall, the interest rates, especially the longat@snfollow similar patterns of
movement among the three countries. In general, the short-term rates r&reatadile than the long-term
rates, but they follow each other closely. The one major exception is thetehm rate for the United
States during the nineteenth century. Between 1831 and 1873, shott/&imterest rates are much higher
and much more volatile than the long-term counterparts. These rates alatedeym interest rates in the
other two countries. This is a period in which a number of severe bankimiggtook place in the United
States. The anomalous behavior of the United States short-term ratesablgratvesult of this fact. The
US short-term rates are for commercial paper and hence may includéi@npafrcredit premium, which

can become significant during crisis-laden periods.

[Figure 2 about here.]

Table 1 reports the summary statistics of the exchange rates and the irgesBince we have missing
data for the French short-term interest rates during the First World kdethe years immediately thereatfter,
we compute the summary statistics excluding those missing data points. Due to tbeytielgproperty of
the log exchange rates, we measure the mean depreciation rates throngleaegression of log exchanges
rates over time. The standard deviation measures the standard errorrefjtieission slope estimate. Over
the past two centuries, sterling appreciated about 2.46 percent pexgadast the French franc, and depre-
ciated about 0.45 percent per year against the US dollar, but as isuigliudon Figure 1, this trend is mainly

due to the realignments of both the sterling and the franc relative to the doli@4@ While the magnitudes
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do not exactly match, the differentials in long-term rates are in line with this tfémdexample, on average,
the French long-term rate is 0.38 percentage point higher than the UK &agpartially compensating
for the currency depreciation of the franc. Correspondingly, the dliardong-term rate is slightly lower
than the UK rate, in line with the slight appreciation of the dollar. The directiah@ihort-term interest
rate differentials, however, is counter to intuition. On average, the ajgpireg currency also has a higher
short-term interest rates. There are at least two potential reasaimgsfoFirst, the short-term rate does not
forecast currency movements as well as the long-term interest ratengeac the US case, due to the data
that are used, the short-term interest rate series may also contain a argmpbiction of credit premium that

contaminates any relation between the interest rates and currency movements

Both currency depreciation rates exhibit moderate mean reversionninhaldirst order autocorrelation
is 0.21 for the franc-sterling depreciation rate and 0.22 for the dolldirgjetepreciation rate. Assuming a
first-order autoregressive process, we also compute the half life,rtgnlef time by which the autocorre-
lation declines by half of its first-order autocorrelation value. The halsliee both depreciation rates are
less than six months. In contrast, the interest rates are much more persigiteannual autocorrelations
between 0.78 and 0.91, and half lives ranging from three to thirty yeessmbst persistent series is the UK
long-term interest rate, least is the US short-term rate. Overall, the lomgrées are more persistent than

the short-term rates and the interest-rate differentials are less per#isteiihe interest rates themselves.

3. Uncovered Interest-Rate Parity Regressions

3.1. Forward-Premium Regression over the Past Two Centuries

Based on the martingale hypothesis, the forward exchange rate shoaidwwiased forecast of the

future exchange rate. A popular forecasting relation is formulated as:

S1—s=0a+B(fi—s)+a1, (1)

wheres denotes the logarithm of the exchange rate &raknotes the one-period-ahead forward exchange

rate. Under the martingale hypothesis that the forward risk premium is@etd® and3 = 1. Furthermore,



by covered interest rate parity,
fi—s =re—rf, 2)

wherer; andr;” denote the domestic and foreign interest rate on a one-period zerocbopo, respectively.
Replacing the forward premium in equation (1) with the interest rate diffiedeas the covered interest rate

parity in equation (2) suggests, we have

S+1—S=0a+B(re—r{) + a1 (3)

A test of the hypothesis = 0, and3 = 1 is a test of both the absence of a forward risk premium and
uncovered interest-rate parity. Under the UIP hypothesis, if the retluendomestia-period zero coupon
bond is one percentage point per annum higher than that on a foreigh éwoe would expect, on average,
the foreign currency to appreciate by one percent over thempgtiods. In practice, one often finds the

hypothesis grossly violated. Most puzzling of all, however, is that the eifos is often negative.

We run the above forward-premium regression on both pairs of atiegn Since neither the short-
term interest rates nor the long-term interest rates match the required mafuoite year, we perform
alternate sets of regressions using first short rates and then longsalesright-hand-side variable. Table 2
reports the results of these regressions. First, in contrast to most nestlies literature, the regression
slope estimates fgB over the past two centuries are positive for all four regressionsore¢he slope
estimates off = 0.38 (long rate) and 0.14 (short rate) for dollar-sterling are significauitigrént from the
null hypothesis of3 = 1, but the estimates for the franc-sterling regresfien0.73 (long rates) and 0.97
(short rates) are not statistically different from the null hypothesisngf. oFinally, none of the intercept
estimates foo are significantly different from zero. Therefore, we conclude thatutP, or the forward-
premium puzzle disappears over our ultra-long sample period. UIP mayplaéed during a particular short

period, but it holds much better over the long haul.

Comparing the regression results based on long-term interest ratelsatitesm interest rates, we find
that the regressions with the long-term rates generate results closer tpdetation hypothesis. In the
case of the France-UK pair, the slope estimate with the short-term ratesés wamne in magnitude, but
the standard error of the estimate is also significantly larger. As a resultstineate of 0.97 is neither

significantly different from zero nor from one. In contrast, the regi@n slope of 0.73 based on the long-



term interest rates is significantly different from zero, but not sigmifigedifferent from the null value of
one. In the case of the US-UK pair, the slope estimate becomes closer talzemausing the short-term
rates instead of the long-term rates. Therefore, the long-term ratéetpifee currency movement better
than the short-term rates do. Both the instruments used and the term mismadikblate play a role in
this result, particularly for the United States given our use of a commerqgurpate. The commercial
paper rate doubtless contains some component due to credit risk, wiidbedaoth sizable and highly
volatile during years of financial crisis. Furthermore, the slope andatur® of a yield curve is mainly
generated with rates within two years of maturity (Backus, Foresi, and Télr888)). Hence, on average,
the difference between the one-year rate and three-month rate cagédettean that between one year and
ten year rates. Both data issues generate measurement errors, whlnhscéhe regression slope toward
zero (Bekaert and Hodrick (1993)). After correction for thesedsathe regression slope estimates should

be even closer to one, the null value.

3.2. Subperiod Analysis of Forward-Premium Regressions

To analyze the robustness of the results, we divide the sample into thrperieuls and perform an
analysis within each subperiod. The three subperiods roughly comégp three different broad regimes:
(1) 1800-1913, the varied regimes of the early nineteenth century, ti@ilSVar period, and the heyday
of the classical gold standard; (2) 1914-1949, the War and inter-eausy periods of substantial inflation
punctuated by the economic dislocations of the 1920s and 1930s; ar@b(BJL999, the post-WWII period
characterized by the quasi-fixed exchange rates of Bretton Woodb@ntanaged float and, in the case of

France, the recent move to the euro.

Table 3 reports the sample mean estimates (and standard errors for the sstimatentheses) for the
depreciation rates and interest-rate differentials, as well as the estim#tesfofward-premium regression
for the three subperiods. For comparison, we also report the coréisyy statistics for the full sample
in the last two rows of each panel. The results based on the long-termsintates again conform to the
hypothesis better than those based on the short-term series. Theimyshgpe estimates are positive in all
subperiods when using the long-term rates, but become negative in ssggewhen the short-term interest

rates are used.

The slope estimates for the subperiod regressions exhibit large fluctationnd the null value from



period to period. Thus, although the expectations hypothesis holdsxapately over the past two cen-
turies, the regression slope estimates can vary dramatically from the nu#l walkny given subperiod,

illustrating the potential danger of drawing conclusions based on a srols.

Unconditionally, the mean values of the deprecation rates and the inteieediffarentials move mostly
in the same direction. For example, during the nineteenth century, sterlimgcégaps against both the
dollar and the franc, but the UK interest rates are on average lowettibaa of the other two countries.
We also find that the mean interest-rate differentials are much larger tharcienge-rate changes in this
period. This, however, is expected, given that the exchange ragesastly fixed during this period, with

only occasional realignments.

During the World Wars and inter-war period, sterling on average degteecagainst the dollar, but
appreciated (dramatically) against the franc. Correspondingly, the imtesest-rate differential is negative
between the US and UK, but positive between France and the UK, agasistant with expectations.
During this period, the average depreciation rate of sterling against aaksiclose to the average of the
interest rate differential between the two countries in magnitude. The,frar@ontrast, experienced a

dramatic depreciation against UK, much bigger than the mean interest ratenifél.

Finally, during the last period of floating exchange rates, sterling diggheelcagainst both the dollar and

the franc. At the same time, UK interest rates are higher than those of thewstheountries.

In summary, the violation of the uncovered interest-rate parity is much smallegéreerally portrayed
in the literature, especially when we take an ultra-long perspective aralrasee stable interest-rate series.
Nevertheless, during any particular subperiod, the regression séopdeviate dramatically from the null
value of one. This general long-run alignment of UIP, with sharp steont- deviations, can also be seen
from a simple graphical analysis. Figure 3 plots the long-term behavioreoétbhange-rate depreciation
rates (solid lines) and the interest-rate differentials (dashed lines), ardiffbrence between the two, the
deviation from UIP (dotted lines). To capture the long-term trend, we apg@hyered nine-year moving
average to the annual figures. The broad-brush picture painted kohéntes is consistent with the full-
sample regression results. In both comparisons, the exchange-ragestaand the interest-rate differentials
move together over the very long term, which is precisely what the whole saewlessions have shown.
What become clearer in the charts are the details of the at times sharpedisesgoetween the two series

over shorter but nevertheless still quite lengthy periods.
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[Figure 3 about here.]

3.3. Rolling Forward-Premium Regressions

To investigate further the influence of the sampling period on the slope estineate;run the forward-
premium regression with a rolling window. We fix the ending period of theasgjon at the last observation
(1999), but move the starting period progressively forward fron2t80.989. Figure 4 plots the regression-
slope estimates (solid lines) of the rolling regression, as well as the 95pem®idence intervals (dashed
lines), as a function of the starting period. In the case of franc-stetigfigp@nel), the regression slopes
are not significantly different from one (the null value) until the startiegigd moves into the mid 1970s.
Similar findings apply to the case of dollar-sterling (the right panel). Theeshgtimates are positive when
the regression is run on the whole sample period but begin to become raghtin the start of the sample
period is after the early 1970s. Interestingly, the slope estimate becomigegpagain when the regression
focuses on the 1990s, a finding also documented in Flood and Rosé.(2@@ded, most of the traditional
evidence on negative regression slopes is based on samples dominkted1870s and early 1980s, with
the US dollar as the numeraire. Nevertheless, the negative slopes orstesimg during this sample period
indicate that the violations of the expectation hypothesis on the forward prechiting this sample period
not only applies to currencies benchmarked to the US dollar, but also toetbleange rates without the

involvement of dollar. Bekaert (1995) present similar findings.
[Figure 4 about here.]

In all three countries, this was a period of substantial inflation, the culminatiamistorically unprece-
dented three-decade period of inflation. By the end of the 1970s, inflativich on a long-term average
basis had trended up steadily since the 1950s, reached historic peadgtiéhall three countries. The
first break in the process came in 1979 in the UK following the Thatcher efeatid the ensuing move to
much tighter monetary policies. A similar shift began in the US shortly after Raluk¥r became Federal
Reserve Chairman and gained momentum following the 1980 Reagan electiBranice, the shift came

several years later.

In each instance, a series of announcements accompanied these mosgssirtiddonary policy, but

these announcements did not do much initially to alter market expectations orfl#ti@mrates. In the
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UK, many otherwise perspicacious observers even several yearsted fact argued that no policy change
had occurred and that inflation could be expected to increase rathedebegase. A major cause of this
skepticism was the behavior of the broad monetary aggregate that theoB&migland had chosen as its
target. This aggregate had accelerated for reasons that had nothingith gholicy and had no implications
for price and spending behavior. Nevertheless, this acceleratioiedradalse perception among the public
that the expected inflation rate remained high for several years aftectin@ anflation came down, thus
creating an extended periods of missed targets between the forecasie agalization in inflation rates. In

this connection, see the discussion in Darby and Lothian (1983) and841983).

A similarly slow adjustment of expectations also took place in the United States. té&mesting bit
of evidence in this regard is provided by the ten-year inflation forecadlscted by the Federal Reserve
Bank of Philadelphi&. Figure 5 plots the inflation forecasts (dashed line) and the realized inflaties r
(solid line), with the difference given by the dash-dotted line. Inflatioedasts made throughout the 1980s
are systematically higher than the rates actually realized. Such evident todiailing expectations with
respect to the regime switch, rather than time-varying risk premia as suddpystama (1984), as the key

reason for the negative slope estimates of the UIP regression duringutimdesperiod.

[Figure 5 about here.]

3.4. Analyzing Uncovered Interest-Rate Parity via HoldRegiod Returns

The forward-premium regression is formulated based on the martingatéh®gis on the forward ex-
change rate. Combining this hypothesis with covered interest-rate paritgmagdso interpret the regression
results as a test of uncovered interest-rate parity. In this section, wegg@n alternative regression test of
uncovered interest-rate parity based on the holding-period returnsoedtic and foreign bonds. Under the
hypothesis of uncovered interest-rate parity, investing in domestic aeigfidoonds should on average gen-
erate the same return when denominated in the same currency. Investingnreatid bond and holding it
to maturity generates a certain returrrofinvesting in a foreign bond, holding it to maturity, and converting

it back to the domestic currency, generates a retus,@f- s +r;°, which includes both the foreign interest

2Federal Reserve Bank of Philadelphia, 2003, “Long-term inflatiordasts: Expected inflation over the next 10 years.”
http://www.phil.frb.org/files/spf/cpiel0.txt.
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rate, which is certain at the time of investmerand the return due to currency appreciation or depreciation,

which is uncertain at timeand becomes known at the timetoef 1, the maturity date of the bond.

Thus, we can investigate the unconditional validity of uncovered intea¢stparity by comparing the
average returns from these two types of investments. We can also intesltigaconditional validity of
uncovered interest-rate parity by regressing the return on the foreiggh investment again the return on
the domestic bond investment,

S+1— S+ =0+ Pre+ega. 4)
The null hypothesis of uncovered interest-rate parity implies0 and3 = 1 for this alternative regression.

Table 4 reports the sample estimates (and the standard errors of the estirmatesiheses) of the mean
return on holding foreign bonds, the mean return on holding domestic btmes mean difference, and
the estimates of the alternative UIP regression in (4), for both differdmtesiods and the whole sample
period. This holding-period return regression generates results rinavan closer to the prediction of
uncovered interest-rate parity, especially for the whole sample. Uncamalifiamver the whole sample, the
mean returns on investing in foreign and domestic bonds are not statisticédlsediffrom each other for
the France-UK pair, regardless of which interest-rate series we wsehé& US-UK pair, the mean return
difference is also insignificant when using the long-term interest ratéenWsing the short-term interest
rates, we find that investing in the US bond generates significantly higtuen ren average than investing
in the UK bond. However, as we discussed above, this mean differemoeres likely due to the credit
premium on the commercial paper used for the US short-term rate than digaiion of the uncovered

interest-rate parity.

Conditionally for the whole sample period, the regression slope estimatestastatistically different
from their null values of one in three of the four cases tested, with the cubpgion being the US-UK pair
with the short-term interest rates derived from commercial paper. Evethé subperiod regressions, the
slope estimates are not significantly different from one for both cuyrpats over each of the three subpe-
riods when we use the long-term interest rates. Only when we use shoriraterest rates can we reject the
null hypothesis off = 1 in three instances. For the France-UK pair, the slope estimate is signifitzmngly
than one (0.40 with a standard error of 0.22) during the subperiod 1808- For the US-UK pair, the slope
estimate is also significantly lower than one during the same subperiod (0.11 stithdard error of 0.14).

The slope estimate is also significantly lower than one for the whole sample anitd@ standard error of
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0.20.

Figure 6 plots the time series of holding-period returns for investments in tbiggfo(dashed lines) and
domestic (solid lines) bonds. In all cases, the dashed lines vary much naoréht solid lines, showing
the additional exchange-rate risk in investing in the foreign bonds. MNw®iess, the two lines show a
substantial degree of co-movements over time, evidence in support ofaned interest-rate parity. One
obvious deviation is seen in the panel with US-UK short-term interest ratesg the early 1800s, the solid
line, which is the short-term US dollar commercial paper rate, is visibly higlzer the dashed line, which
is the return on the UK bond. Again, we attribute this deviation to the credit coerm®f the commercial

paper rate.
[Figure 6 about here.]

Figure 7 plots the time series of return differences between the two typesgestiments. Despite the
large and sometimes persistent deviations, all four lines hover arouodshewing the overall validity of

UIP.
[Figure 7 about here.]

These time series plots suggest that although UIP holds in the long ruomastibcks to the exchange
rates can generate large short-term deviations from UIP. The strempeements between the two return
series further suggest that these random shocks affect the tbpsamium regressions more than they affect
the holding-period-return regressions. This point can be illustrateddghran extreme but simple example
where the two interest rateandr* move perfectly together and with the same magnitude, then UIP dictates
that the currency returns will vary randomly around zero. A holdingegereturn regression will recover
the UIP condition of zero intercept and unit slope, but a forward-premmagression will degenerate as the

interest-rate differentials become a series of zeros.

4. Extreme Sampling and Nonlinear Forecasting Relations

Due to inherent market frictions such as transaction costs, exchategedjustment may not follow

the interest-rate differentials (forward premiums) instantaneously. ticpkar, relatively small magnitudes
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of interest-rate differentials may be tolerated in the market without inducipgliaectional movement on
the exchange rate. Large interest-rate differentials, however, ardiltety to persist without inducing
corresponding movements in the exchange rate. A second, but not metelhgive, explanation for such
behavior revolves around measurement error (Bekaert and Hqd®&B)). In the presence of such errors,
large and persistent interest-rate differentials have a much higher signaise ratio and hence are much
more likely to contain the market’'s view on how the exchange rate will move in tiueefu As a result,

uncovered interest-rate parity should hold better during periods of ilateyest-rate differentials.

To test this hypothesis, we propose two specifications. The first appliqwiticiples of extreme sam-
pling and the second relies on the smooth transition between different regiveedaborate on both in the

following two subsections.

4.1. Extreme Sampling

The idea of extreme sampling is to run regressions conditional on the abswgtgtude of a signal
being large. For our application, we use the absolute value of the intatestiferential as the criterion for

conditioning and run the following regression,
Si1— S = a+B3(re—17) hes+ B (1t —17) leL + @11, (5)

where the superscrip§andL refer to small and large absolute realizations of the interest-rate diffdrentia
respectively. The ternkcs is an indicator function that equals one if peribthas a small interest-rate
differential and zero otherwiseic is analogously defined for large interest-rate differential periods. A

similar extreme sampling technique has been applied in Huisman, Koedijk, KaldNiasen (1998).

We run the regression in (5) based on different extreme sampling critégadefine the criteria based
on percentiles of the data. Specifically, we sort the absolute value of thiedtitate differential and then
identify the cut-off value for different percentiles from 90 percentileQg@rcentile. We then define interest-
rate differentials with absolute magnitude higher than this cut-off value asne&tperiodsl() and those
smaller as normal observatiory (Table 5 reports the regression estimates based on the differemiierce
criteria. Since we have found that the long-term interest-rate differdotiatasts the currency movement

better than the short-term interest-rate differential, we only report extsam@ling analysis results based
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on the long-term interest-rate data. For each coefficient, we reportinsags in the first column and the
standard error in the second column. Unfér||, we report the cut-off values on the absolute value of the

interest-rate differential that corresponds to each percentile.

As the percentile increases and hence the criterion for large obses/agoomes more stringent, the
estimate fo3® declines and becomes closer to zero while the estimatg-forcreases and becomes more
positive. For the France-UK case, at a 90 percentile critedr; 1.44 is actually bigger thafi- = 0.30
and hence runs against the extreme sampling hypothesis. But once therciitereases to 99 percentile,
BS = 0.34 becomes insignificantly different from zero whige = 2.33, which is even significantly greater
than one. The same pattern applies to the US-UK case. As the percentibesisé declines and becomes

insignificantly different from zero whil@" increases and becomes more positive.

This phenomenon is vividly captured by the graphics in Figure 8, in whicplatethe estimates di*
(solid lines) and3® (dashed lines) as a function of the extreme sampling criteria in terms of piggseAs
the percentile increases and hence the criterion becomes more stringangéanterest-rate differentials,
the slope estimate for the large realizati@h)(increases while the slope estimate for the small realization
(BS) decreases. Thus, as we have conjectured, larger interest-rateuiifls have a bigger impact, or more

significant forecasting power, on the currency movement.

[Figure 8 about here.]

At the extreme case of 99 percentile, we have only two sample points whesbghkite magnitude of
the interest-rate differentials are “large” for both pairs of currenaneisthese two sample points refer to the
large interest rate differentials in 1974 and 1975 for both pairs. Forcer&JK, the interest-rate differentials
are —0.92 and—1.17 in 1974 and 1975, respectively. The next year's exchangedegigeciation rates
are respectively-16.87 and—9.86, respectively. For US-UK, the interest-rate differentials-a2£23 and
—2.63 for these two years, and the following years exchange-rate dafioecates are-5.20 and—20.70.

For both pairs, the realized exchange-rate depreciation rates notau@ythe same sign as the interest-rate
differentials, but also exhibit a larger magnitude of change than the ittetesdifferentials, thus generating

slope estimates @@ greater than one.

As the percentile increases, the R-squares of the regressions alsewémpo99 percentile extreme

sampling, the R-square is 2.1 percent for France-UK and 4.0 pemed&t UK, higher than the R-squares
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from the linear regressions (about one percent for both exchatem r Nevertheless, the overall forecasting

power remains extremely small, even with the help of extreme sampling.

4.2. A Smooth Transition Nonlinear Regressive Model

The extreme sampling analysis shows that the relation between the rate ahgeefate depreciation
and the interest-rate differential is inherently nonlinear. One particuléistgtal characterization of non-
linear adjustment that appears to work well for exchange rates is the simmasition nonlinear regression
model (Granger and Terasvirta 1993). In these models, adjustmenptakesn every period but the speed
of adjustment varies with the magnitude of the interest-rate differential. A phatig simple formulation

that is applicable to our case can be specified as follows,

Si1—S=0+B(r—1{ — 1 +y(1— ef““”“”j (re—r{ —W) +ea, (6)

wherepdenotes a long run mean of the interest-rate differential, the transition fmqntid—e*"(“*r?*“)z,)\ >
0 is between zero and one as the deviation of the interest-rate differentedges from zero to infinity. The
transition function is centered around a mean interest-rate differentidlleviehe transition parameter
determines the speed of transition between the two extreme regimes, with |dwes g8 implying slower
transition. The inner regime correspondsr¢e- r; = p so thatg = 0 and equation (6) becomes a linear

forecasting relation,
Si1—S=0+B(r—rf — W +e (7)
The outer regime corresponds to the case whernr; — u— c and@ = 1 so that equation (6) becomes a

different linear forecasting relation,

Si1—& =0+ (B+y) (rt—r{ —W+ey, (8)

with a different regression slope. Thus, equation (6) provides a snraoi$ition between these two limiting
cases (regimes) and can be regarded as a smoother version of exdrapimg. The slope coefficielft
represents the response of the exchange rate to small interest-ratentiéfiis and the coefficierif +v)

corresponds to the response to large interest-rate differentials.
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The nonlinear regression in (6) is estimated by minimizing the mean squaredethe regression
residuals using numerical nonlinear least square packages. The estinestidts are reported in Table 6.
For both exchange rates, the estimatefare negative, but the estimates yare large and positive. These
results are consistent with our findings from the extreme sampling analysisaBge rate movements only

respond to large (extreme) interest-rate differentials, but not to smadl one

Compared to the linear regression, the percentage of explained va(Rssmpiare) increases to 2.2
percent for France-UK and 3.9 percent for US-UK, similar to the perémce of the extreme sampling
regression. Thus again, although the forecasting performance aaasecslightly via a nonlinear, and
hence more flexible specification, the overall forecasting power of stteate differentials for currency

movement is still very low.

5. A Historical Account of UIP Deviations

The upshot of the findings reported so far is that over the long term, tAeUitzle largely disappears.
In that sense, UIP “works.” The problem, however, is that it doeswark all that well as a forecasting
relation. The standard deviations of the UIP regression residuals geertdative to the standard deviations
of exchange-rate changes. In this section, we try to uncover theneaduy this is the case. To do so,
we divide the sample into subperiods that correspond to historical regintearelyze the properties of

exchange rates and interest rates under each regime.

To understand the source of UIP deviations under different histgoeabds, we decompose the de-
viation from UIP into a real component and a hominal component. The ogapconent captures the real
interest-rate differential, while the nominal component captures the deviationthe purchasing power

parity. To understand this decomposition, consider the following openesap Fisher equation:

dr =dp +dr, (9)

wheredp denotes the difference between real interest rates in the two countligsdenotes the difference

between the relevant anticipated rates of inflation in the two couritiiekling the anticipated depreciation

3We use the overline to denote anticipated rates, in contrast to the ex Jizstdeates.
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ratedsto both sides of the Fisher equation results in,

ds—dr =ds—dm—dp. (20)

The left hand side is the anticipated deviation from UIP, which we labelH®. The first two terms on
the right hand side constitutes the anticipated deviation from PPP, which me¢edasdPPP. Thus, we
can decompose the anticipated deviation from UIP into two components: (Ahticgated deviation from

purchasing power parity and (2) the difference between the real stt@tes of the two countries,

dUIP = dPPP— dp. (11)

Similar decomposition can also be found in Gokey (1994) and Hollifield andnyg001).

Since PPP is being expressed in growth-rate form, the on-going debaternimg the existence and
size of a permanent component in the real exchange rate is beside theNmo@tonomist to our knowledge
has argued that the real exchange rate is 1(2). We would expectfdieriat the anticipated exchange-rate
depreciation ratedsand the anticipated inflation ratdst converge even if the levels of nominal exchange
rates and relative prices did not. Deviations from growth rate PPP wogldrecthe existence of recurrent
real shocks, or factors producing recurrent shifts in exchaageeaxpectations. An example of the former
case is continually faster productivity growth in one country over the otherexample for the latter case
is continually increasing or decreasing fears about future inflation inobiee two countries. Evidence
presented in Lothian and Simaan (1998) suggests that such factorktthewsmpirical relevance over the

longer term.

The differential between the real interest rates in the two countries cdarther decomposed into
two components: (1) the differential between the real returns on reatsasternationally and (2) the
differential between the differentials in the real returns on real asedtsmnominal assets (bonds) in the
two countries domestically (Friedman and Schwartz, 1982, page 513rft)nildne first component reflects
factors affecting the degree of arbitrage among countries such asl capiteols. The second component
reflects either incomplete financial intermediation within countries, diffeeirceéhe quality of the two

financial assets (risk premia), or measurement or expectation error.

Table 7 reports subperiod averages of exchange rate depreciagsnds), interest-rate differentials
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(dr), the deviations from UIPdUIP = ds— dr), as well as four additional variables that are related to the
above decompositions: inflation differentiathT, real interest-rate differentiald§ = dr — dm), deviations
from PPP in growth rate forrdPPP= ds— dm), and real GDP grow rate differentiaidy). Equipped with
these sample averages of UIP deviations and the relevant real and hoarim@onents and variables, we
proceed to analyze the fundamental source of UIP deviation undesaagbie period. We first divide the
past two centuries into two broad periods, with 1914 the dividing line. Wesshat UIP deviations before

and after 1914 are generated from different sources.

5.1. The Nineteenth and Early Twentieth Centuries

In the case of France versus the UK, the behavior of the interest-réeedifial (r) and the currency
depreciation rateds) was fairly homogeneous over the course of the century following theoéride
Napoleonic Wars. The gap betwednanddswas positive but averaged only a bit over 80 basis points.
This gap was traceable arithmetically to the gap between the two countriegiteyaist rates. Purchasing
power parity for its part held almost perfectly over the period, with theamyedeviation merely two basis
points per annum. Underlying the high French real interest rates,disgdo Homer and Sylla (1996), were
risk premia resulting from the uncertainties surrounding the French poSiication during this period, the
occasional major changes in regime that took place in the first half centaoyamd the subsequent tensions

with Germany that resulted in the Franco-Prussian War in 1870.

Viewed in a purely technical sense, however, UIP was violated. A Britiggstor and his heirs who
bought French rentes at the end of the Napoleonic Wars and held thamthestart of World War | would
have averaged 80 basis points per year more than on an equivalesttvieweé in British consols. He would,
however, have borne the political risk alluded to above and had he helértes until 1920 would have
seen the additional return over the previous century more than fully @tmdéhe depreciation of the franc

relative to sterling during WWI and its immediate aftermath.

The experience of the United States versus the United Kingdom over thel@agneeriod was similar
on average to that of France versus the United Kingdom, but differeallgrin the details. Again the
interest-rate differentiallr exceeded the currency depreciation rdssand in this instance by more than
one percentage point per annum. Again this was the arithmetic result okeedite in real interest rates

between the two countries rather than a deviation from PPP.

20



As in the France-UK case, PPP again held almost perfectly over the pearaodhole. Unlike the French
case, in which political risk appeared to have been responsible forahaterest-rate gap, the higher US
than UK real interest rates appear due to higher real returns to investnieal assets in the United States.
Real GDP growthdy), our proxy for such returns, was roughly two percentage pointsupeum faster in
the United States than in the United Kingdom over the period, while for Fraarseiy the United Kingdom

the real growth differential was actually reversed.

The other noticeable difference between the two cases was the much gaegteility of bothdr andds
and of the difference between the two, the deviation from UIP, in the USsal€. This greater variability
was largely the result of greater variability in two episodes — the US Civil pegiod and the early part of
the Greenback period that followed it and the decade or so surroutidéngapoleonic Wars and the War
of 1812. Interestingly, however, in both of these episatkesnddr do track one another reasonably well in
terms of broad movements, even though the magnitude of the differentialdrethee two at times widens

dramatically.

5.2. The Twentieth Century from 1914 to 1999

In 1914 the world changed. This certainly was true for monetary behandrnot surprisingly, it car-
ried over into both exchange-rate and price-level behavior. In thea@nth century, suspension of specie
payments during wartime and exchange-rate depreciation were followessbynption and appreciation.
Wartime price-level increases were followed by post-war decreas$esgdld standard, as Bordo and Kyd-
land (1995) have argued, was a commitment mechanism and investors foostgart caught on. Late
nineteenth century US experience was the exception that proved theFedes that the US would leave
gold caused the spread between US and UK interest rates to widen. Wasenfélars proved unfounded,
US interest rates fell and, as it turned out, proved too low given the sbatévigher US than UK inflation
over the next decade and a half. See the discussions of this episodedm&n and Schwartz (1963, 1982)

and the subsequent econometric analysis of Hallwood, MacDonaldJarsh (2000).

Only in the UK following World War | did this nineteenth-century pattern of inflatimllowed by
deflation continue. In 1925, the United Kingdom returned to gold at thevargarity as a conscious policy
decision. In France in the early interwar years, in contrast, the seviéagan of World War | actually

was followed by further inflation. As a result, the price level and the noniraak-sterling exchange rate
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wandered even further from their nineteenth century levels. In the USi@s, the price level eventually

did come back to earlier levels, but mostly as a result of the Great Depnessio

Over the full period from 1914 to 1999, the average annual deviations ¥IP for franc-sterling were
markedly greater than the average deviation from 1803 to 1913 (4.73svefs83 percentage point), but
were actually quite a bit less for dollar-sterling46 versus—1.14 percentage points). The franc-sterling
result, as data for the subperiods indicate, was heavily influenced layibeln the wartime and interwar
periods. In all three of these episodes, expectations of inflation clearky eut of sync with what eventually
transpired. French nominal interest rates averaged higher than thetoUiterparts but the differentials
were small in comparison to the realized differentials in inflation. Ex posimésiest rates, therefore, were
highly negative. Exchange rates did, however, change roughly in litmetine inflation differentials so that

deviations from PPP for both currencies continued to be small over theditudd on average.

The disparity between differentials in nominal interest rates and movementsharege rates in the two
war periods in part may reflect the controls that governments at various pilmeed on interest rates. A more
important source of divergences, we suspect, were problems oftexpas formation. If the war-related
inflations were unanticipated, or expected to have only transient effagisice levels, nominal interest
rates would generally have been too low before the fact and nominalsttate differentials, therefore, a

poor predictor of subsequent changes in exchange rates, whichaist wtiat we observe.

Similar problems of expectations formation appear to have surrounded thesrtamvVower inflation
regimes in the early 1980s in the United Kingdom and United States. As wedairgaeprevious section,
such peso-like problems very likely account for much of the seemingly aoosi&®ehavior of nominal
interest rates and exchange rates relative to one another and to réaliagoh rates in the late 1970s and

early 1980s in both the United States and the United Kingdom.

During this period, we see an average deviation from UIP for dollalisgeconsiderably above its
twentieth century non-war average and an average deviation fromadlfainc-sterling slightly greater
than its non-war average. In both cases, these are accompanieddtjodevirom PPP that are large both in
comparison to twentieth century experience as a whole and to the UIP desidliois positive association
between UIP and PPP deviations has been documented previously by (38Rd) and Marston (1997).
A plausible explanation for the association between the two, as Lewis (19883ton (1997), and Peruga

(1996) have argued, revolves around learning. As inflation fell aschieg set in, nominal exchange rates
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and short-term interest rates adjusted with a lag and long-term interestuigttegreater lags still. Sizable

deviations from both UIP and PPP were the end result.

Our long-term evidence as well as the results of several studies utilizisg-country data for recent
decades (Flood and Taylor (1996); Lothian and Simaan (1998)) stgytjeat in the end such problems

disappear.

6. Conclusion

Uncovered interest-rate parity is one of three theoretical relations thaisad repeatedly in analytical
work in international finance and international monetary economics. Statisdsimplest form, the conclu-
sion to which UIP gives rise is that countries with high nominal interest ratative to interest rates abroad
are countries with depreciating currencies. The problem, however,tisvhathe past several decades we

very often have seen the exact opposite taking place.

In this paper, we attribute these widely documented UIP failures to the coiuads two empirical
artifacts: (1) the unique features of the late 1970s and the 1980s attie(Bpise induced by small UIP
deviations. We control for both by constructing an ultra-long time seriesrspg two centuries and by
running regressions conditional on large deviations from UIP. We fiattthditional forward-premium re-
gressions yield positive slope estimates over the whole sample period atiiee@estimates only become
negative when the 1980s make up a major portion of the sample period. Whestimate an alternative
regression based on holding-period returns on foreign versus tiofesds, the null hypothesis of UIP can
no longer be rejected over the whole sample period. We also find that ldegestirate differentials have
stronger forecasting powers for currency movements than small intateddifferentials. Finally, a histor-
ical account of expected and realized regime changes illustrates howpibetation hypothesis underlying
UIP holds over the very long haul but can be deviated from for longgdsrof time otherwise, due either
to failures of expectations to adjust quickly enough to regime and othed{irased policy changes or to
anticipations over extended periods of large events that in the end re@ualyamaterialize. Our findings

echo Irving Fisher’s sentiments about a century ago on similar subjects.

These are the positive findings, the parts of the glass, so to speakédlfiall.afhere is also a truly major

part that is empty. This is the overall poor predictive performance ofdyd? shorter periods and for small
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interest-rate differentials. If there is a UIP puzzle, it is not as commonlyJusalithe anomalous negative
relationship between the interest-rate differential and the rate of exelratgydepreciation observed in the

1980s, but the fact that there is very often little relationship one way orttter.o

Small sample and peso problems are well-known issues that bias the slopdesstimexpectation-
hypothesis regressions. The construction of an ultra-long sample ctestibe most direct remedy for
both. Similar to the documented deviations from uncovered interest-rate, rapg violations of the
expectation hypothesis have also been repeatedly documented on thértetore of interest rates, e.g.,
Backus, Foresi, Mozumdar, and Wu (2001), Bekaert, Hodrick, aadshall (1997), Campbell (1995),
Campbell and Shiller (1991), and Evans and Lewis (1994). A line foréutasearch is to apply the the
same technique used in this paper to the various forms of expectation-bgj®othgressions on the term
structure of interest rates. The construction of an ultra-long sample wesdtie the issue on small samples

and peso problems and identify how much of the violation is really due to time gangik premium.
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Appendix: Data Sources

The data are constructed from a variety of sources, incjadin

1. Board of Governors of the Federal Reserve System, FedesalReBulletin, various issues.

2. Michael D. Bordo, “The Bretton Woods International Mongt&ystem: An Historical Overview,” in Michael
D. Bordo and Barry Eichengreen, eds., A Retrospective oBte&on Woods System, Chicago: University of
Chicago Press for the NBER, 1993 [and associated data ttisket

3. Michael D. Bordo and Lars Jonung, The Long-Run Behaviouhef\Melocity of Circulation, The International

Evidence, New York: Cambridge University Press, 1987 [sssbaiated data diskettes].

4. Milton Friedman and Anna J. Schwartz, Monetary Trends in Winited States and the United Kingdom,
Chicago: University of Chicago Press for the NBER, 1982.

5. Sydney Homer, A History of Interest Rates, 2nd ed. New BrtclsyiNJ: Rutgers University Press, 1977.

6. International Monetary Fund, International FinancialtiStacs (IFS), various issues, and companion CD ROM.

United Kingdom

Short-term interest rate:

1831-1844, Overend-Guerney average annual rate for fass-8-month bills from Mitchell (1988), table entitled
“Financial Institutions 15. The Market Rate of Discount 2481980.”

1845-1869, average annual rate for 3-month bank bills flearsame source.
1870-1986, average annual rate for 3-month bank bills frardB and Jonung (1987) and Bordo (1993).

1987-1999, average annual money market rate from IntemeltFinancial Statistics.

Long-term bond yields:

1791-1869, average annual yields on three percent corsdi®m Mitchell, table entitled “Financial Institutions

13. Yield on Consols.”
1870-1975, average annual yields on three percent consatsBordo and Jonung (1987).

1976-1994, average annual government bond yield from IFS.
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United States

Short-term interest rates:
1831-1899, average annual commercial paper rate from H(8&w), Table 44.
1900-1975, average annual prime 60-90 day commercial paggefrom Homer (1977), Table 51.

1976-1999, average annual prime 60-90 day commercial papefrom various issues of the Federal Reserve

Bulletin.

Long-term bondsyields:

These are US treasury bonds for the most part. They are amiatunaturities. A rough guess as to the average

is 15-20 years prior to 1977 after which it is 30 years. Tha datre taken from Global Financial Data.

Exchange Rate:

1791-1796, annual averages of the White exchange rate geties form of percent deviations of sterling from
parity (in dollars per pound) from Table Appendix Table 1, pfh0-12 in Officer (1983) adjusted by the parity values
in his Table 5.

1797-1820, annual averages of the White exchange rate seties form of percent deviations of sterling from
parity inclusive of U.K. paper currency depreciation fromrksheets provided by Lawrence Officer, adjusted by parity
values in Officer (1983), Table 5.

1821, annual average of the White series inclusive of papeetacy depreciation (first quarter) and the Appendix
Table 1 (remaining three quarters) adjusted by the parityegan Officer (1983), Table 5.

1822-1829, same construction as for 1791-96.

1830-99, annual averages of percent deviations of stefriomg parity from Officer (1985), pp. 563-65, adjusted
by the parity values in Officer (1983), Table 5 (which are @ake until 1837 and fixed at 4.8666 thereafter) and further
adjusted in the years 1837-1843, 1857 and 1862-1878 for W®raty depreciation on the basis of the estimates
reported in Warren and Pearson, (1935), Table 2, p. 154;-1986, Friedman and Schwartz (1982), Table 4.9,
pp.130-37; 1976-1990, IFS.
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France

Short-term interest rates:
1863-1899, average annual open-market discount rate frame (1977), Table 27.
1900-1913, average annual open-market discount rate fromeil (1977) Table 61.
1925-1948, average annual private discount rate from Horaéie 61.

1949-1994, average annual money market rate from IFS.

Long-term bond yields:

1800-1825, average annual yield on five percent French gt rentes minus 67 basis points, the difference

between the yield on the five percent rentes and the yieldree thercent rentes in 1826), from Table 25.
1826-1899, average annual yield on three percent rentes, Table 25;
1900-1948, average annual yield on three percent perpetnigls, Table 60.

1949-1994, average annual government bond yield from IFS.

Exchange Rate:

1803-1940 and 1945-80, Paris franc/sterling exchangdnateBritish Historical Statistics (BHS), table entitled
“Financial Institutions 22. Foreign Exchange Rates-16080,” pp. 702-3, adjusted for a break in 1931 by taking
a weighted average of the 124.06 rate prevailing for thetfirgte quarters of that year and the 94.02 rate in the last

quarter.

1941-1944, derived as a cross rate using New York dollalifsgerates and Swiss quotations of franc/dollar rates

graciously provided by Phillipe Jorion.

1981 on, derived as a cross rate from yearly average doddivg and franc/dollar rates from the IFS.
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Table 1
SUMMARY STATISTICS OFEXCHANGE RATES AND INTERESTRATES

Long Term Rates Short Term Rates

ds r I dr r I dr
Home=France; Foreign=UK
Mean 2.46 5.33 4.94 0.38 4.45 4.40 -0.18
Std Dev 0.10 2.40 2.90 1.71 2.52 2.78 1.34
Auto 0.21 0.89 0.98 0.79 0.90 0.91 0.60
Half life 0.44 6.20 31.67 2.92 6.65 6.95 1.34
Skewness 3.84 2.03 2.05 -0.16 1.90 1.40 -0.08
Kurtosis 22.65 5.15 3.86 9.40 4.17 2.38 0.70
Home=US; Foreign=UK
Mean -0.45 4.94 4.94 -0.01 5.66 4.40 1.28
Std Dev 0.03 1.96 2.90 2.04 3.12 2.78 3.01
Auto 0.22 0.95 0.98 0.93 0.78 0.91 0.79
Half life 0.46 14.92 31.67 9.01 2.77 6.95 2.88
Skewness -0.44 1.34 2.05 -1.68 0.95 1.40 0.90
Kurtosis 5.34 3.09 3.86 5.16 1.73 2.38 2.53

NOTE. — Entries report the summary statistics of exchange-rapratiation rates, interest rates, and interest-rate
differentials. We uselsto denote the exchange-rate annual depreciation rategdemages and andrx to denote
domestic (France or US) and foreign (UK) interest rates, imisinnualized percentages. The column unidetenotes
the interest-rate differentiar = r — r*. Data are annual, starting in 1800 for US dollar and UK stgrind 1803 for

French franc.
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Table 2
FORWARD-PREMIUM REGRESSIONS

France/UK US/UK
Long Rates Short Rates Long Rates Short Rates
a B a B o B a B

Estimates  0.02 0.73 0.00 0.97 -0.01 0.39 -0.01 0.14
Std Error  0.01 0.43 0.01 0.86 0.00 0.28 0.01 0.16
t-statistics  1.65  -0.63 0.73 -0.03 -1.08 -2.21 -1.27  -5.27
p-value  0.10 0.53 0.46 0.97 0.28 0.03 0.20 0.00

RN  0.01 197 0.03 176 0.01 199 0.00 168

NOTE. — Entries report summary properties of the forward-premiegression:

Si1—S=0+B(re—r{)+ea1.

Standard errors are constructed based on Newey and West) (488 three lags. The number of lags is optimally
chosen according to Andrews (1991) with a VAR(1) specifaraitin the residuals. Thestatistics andp-value are
constructed based on the hypothesis: 0,3 = 1. Data are annual from 1800 to 1999. In the last row, we repert
R-squares on the left cell and the number of actual obsenstin the right cell, for each regression.
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Table 3
SUBPERIODANALYSIS ON THE FORWARD-PREMIUM REGRESSION

Periods Long-Term Rates Short-Term Rates

ds dr a B (N,R) dr a B (N,R)

A. Home=France; Foreign=UK

1800-1913 0.08 0.93 -0.00 0.35 111 013 000 -005 111
(0.04) (0.13) (0.00) (0.26) 0.01  (0.12) (0.00) (0.35) 0.00
1914-1949 7.95 0.30 0.08 10.05 35 063 -001 721 14
(1.02) (0.18) (0.04) (3.63) 0.10  (0.78) (0.03) (1.77) 0.42
1950-1999 -0.50 -1.09 0.01 070 49 059 -0.00 -0.18 49
(0.27) (0.56) (0.01) (0.49) 0.05 (0.35) (0.01) (0.56) 0.00
Whole 246 032 002 073 197 019 000 097 176

(0.18) (0.20) (0.01) (0.43) 0.01  (0.15) (0.01) (0.86) 0.03

B. Home=US; Foreign=UK

1800-1913 0.10 1.32 -0.00 0.42 113 3.44 000 -0.02 82
(0.04) (0.14) (0.01) (0.73) 0.00  (0.44) (0.01) (0.15) 0.00
1914-1949 -0.44 -0.75 0.00 136 35 038 -001 118 35
(0.17) (0.10) (0.02) (2.67) 001  (0.19) (0.01) (2.20) 0.01
1950-1999 -1.58 -250 -0.00 0.32 49 -1.68 -0.01 -0.08 49
(0.15) (0.53) (0.02) (0.64) 0.01  (0.34) (0.02) (0.94) 0.00
Whole  -045 -0.01 -001 039 199 1.28 -001 0.14 168

(0.07) (0.28) (0.00) (0.28) 0.01  (0.42) (0.01) (0.16) 0.00

NoOTE. — Entries report the estimates and standard errors (impgees) of the mean depreciation ratbs={ 51 —
&, in percentage per annum), mean interest-rate diffedlerfia=r —r*, in annual percentage), and the estimates of
the following uncovered interest-rate parity regression:

St1—§=0+B(re—r¢) +eai1,

under each subperiod. Under the column label@d RP),” we report the number of available observations for the
regression under each subperiod under the first row and sgRre of the regression under the second row. Standard
errors for the sample mean and regression estimates arewziad based on Newey and West (1987) with three lags.
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Table 4

ANALYZING UNCOVEREDINTERESFRATE PARITY VIA HOLDING-PERIOD RETURNS

Periods Long-Term Rates Short-Term Rates
ds+r* r dUIP a B (N,R?) ds+r* r dUIP « B (N,R?)
A. Home=France; Foreign=UK
1800-1913 358 4.44 -0.86 0.00 0.71 111 358 351 0.07 0.0240 0. 111
(0.33) (0.23) (0.29) (0.01) (0.29) 0.09 (0.33)(0.18) (03.01) (0.22) 0.02
1914-1949 14.68 4.31 10.37 0.08 1.49 35 793 3.08 485 -0.143 7 14
(4.30) (0.26) (4.28) (0.22) (4.46) 0.00 (6.20) (0.51) (5910.09) (3.65) 0.23
1950-1999 893 7.81 1.13 0.03 0.75 49 893 696 197 0.05 0.639
(1.28) (0.74) (1.15) (0.03) (0.36) 0.09 (1.28)(0.84) (12>0.02) (0.33) 0.09
Whole 684 526 158 0.03 0.73 197 537 443 093 001 103 176
(1.03) (0.31) (1.00) (0.02) (0.35) 0.02 (0.73) (0.36) (0G3.01) (0.24) 0.12
B. Home=US; Foreign=UK
1800-1913 3.60 4.86 -1.26 -0.00 0.79 113 3.33 6.77 -3.44 0.@811 82
(0.53) (0.21) (0.50) (0.02) (0.45) 0.03 (0.60) (0.51) (01.01) (0.24) 0.00
1914-1949 3.18 3.26 -0.08 -0.01 1.26 35 1.67 288 -1.21 -0.@107 35
(1.23) (0.26) (1.15) (0.04) (1.46) 0.01 (1.31)(0.65) (DY™M.02) (0.55) 0.06
1950-1999 7.77 6.40 138 0.05 0.42 49 6.42 587 055 0.04 0.489
(1.26) (0.74) (1.21) (0.03) (0.57) 0.03 (1.28)(0.76) (1)49.02) (0.52) 0.03
Whole 442 494 -052 -0.00 0.93 199 372 566 -194 0.01 04668 1
(0.58) (0.27) (0.51) (0.02) (0.43) 0.07 (0.67)(0.43) (0@®».01) (0.20) 0.04

NOTE. — Entries report the estimates and standard errors (impgases) of the mean return on investing in foreign
bond @s+r* =s41—s 41y, in percentage per annum), the mean return on investingriredtic bondx in percent-

age per annum), and their mean differerae (P = ds+r* —r, in percentage per annum), as well as the intercept and
slope estimates of the following holding-period returnresgion:

S+1— S+ =0+ Pre+eq,

under each subperiod. Under the column labelédl R?),” we report the number of available observations for the
regression under each subperiod under the first row and gouRre of the regression under the second row. Standard
errors for the sample mean and regression estimates areumiad based on Newey and West (1987) with three lags.
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Table 5
UNCOVEREDINTERESFRATE PARITY UNDER EXTREME SAMPLING

Percentile a BS Bt [|dr]] R?

A. Home=France; Foreign=UK

90 1.42  (1.01) 144  (0.81) 0.30  (0.57) 2.44  0.016
91 1.42  (1.02) 135 (0.77) 031  (0.59) 249  0.015
92 1.43  (1.03) 126 (0.74) 0.34  (0.61) 2,55  0.014
93 153  (1.05) 100 (0.68) 051  (0.57) 2.60  0.011
94 159  (1.07) 0.86 (0.66) 0.60  (0.58) 2.76  0.010
95 1.68  (1.09) 071  (0.65) 075  (0.56) 2.86  0.010
96 177  (1.09) 057  (0.60) 093  (0.54)  3.03  0.011
97 1.87  (1.06) 039 (055 124  (0.36) 3.67  0.013
98 1.91  (1.06) 037  (0.50) 1.47  (0.30)  4.06  0.015
99 1.92  (1.02) 034  (0.40) 233  (0.21) 6.27  0.021

B. Home=US; Foreign=UK

90 -043 (051 023 (0.39) 050  (0.33) 252  0.021
91  -043 (0.50) 022  (0.37) 052  (0.34) 257  0.021
92  -042 (050) 021  (0.35) 054  (0.34) 2.63  0.022
93  -042 (0.49) 020 (0.33) 056  (0.35) 2.81  0.022
94  -041 (050) 0.19  (0.36) 059  (0.34) 291  0.023
95  -043  (0.49) 023 (0.36) 056  (0.36)  3.23  0.022
96 -047 (051) 030 (0.36) 049  (0.39)  3.62  0.020
97 -041 (051 018 (0.35) 069  (0.26)  3.98  0.025
98 -0.37 (051) 007 (0.36) 098 (0.14) 563  0.037
99  -042  (0.49) 0.14  (0.30) 124  (0.27) 820  0.040

NOTE. — Entries report estimates of the following extreme sangpliegression:
Sp1—§ =0+ B3(r —1{) hes+ B (e — 1) kel + @41,

whereSandL denote small and large realizations on the absolute valtleedhterest-rate differentials, respectively.
The differentiation between small and large is based on ¢hegntiles of the data, as shown in the first column of the
table. The column undéjdr|| reports the critical value of the interest-rate differahto make this differentiation for
each regression. The last column reports the R-square lofegession. For each estimate§>, B4), the left column
reports the regression estimate while the right columnntepts standard error in parentheses, which is constructed
based on Newey and West (1987) with three lags. The regressaie based on long-term interest rates.
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Table 6
SMOOTH TRANSITION NONLINEAR UIP REGRESSIONMODEL

France/UK US/UK
Parameters Estimates Std Err Estimates Std Err

a 0.014 (0.030) -0.003 (0.008)

B -2.544 (2.775) -0.715 (0.697)

U 0.022 (0.016) -0.020 (0.009)

Y 3.183 (2.555) 2.355 (1.924)

In(A) 7.828 (2.136) 5.731 (1.814)
R-square 0.022 0.039

NOTE. — Entries report the estimates of the following nonlineaetasting relation:

* 2
s-s=a+B(r—r — K +y(1-e MW (- ) ey,

The estimates are based on long-term interest rates.
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Table 7
HisSTORICAL DECOMPOSITION OFUIP DEVIATIONS

Subperiods dr ds dulipP dt dp dPPP dy

A. Home=France; Foreign=UK

1803-1913 0.89 0.07 -0.83 0.09 0.81 -0.02 -0.25

1803-1815 1.71 0.42 -1.29 0.51 1.19 -0.10 0.63
1816-1874 0.82 -0.03 -0.85 0.15 0.67 -0.18 -0.48
1875-1913 0.40 0.02 -0.39 0.14 0.26 -0.12 -0.38
1914-1999 -0.47 4.26 4.73 3.82 -4.29 0.44 0.52

1914-1925 0.38 11.58 11.20 10.11 -9.74 1.46 1.05
1926-1939 0.20 3.89 3.68 4.07 -3.87 -0.19 -0.63
1940-1949 0.57 17.85 17.28 20.49 -19.92 -2.64 -1.31
1950-1999 -1.07 -0.11 0.96 -1.10 0.03 0.99 1.08
1950-1973 -0.60 0.14 0.74 0.88 -1.48 -0.74 2.07
1974-1999 -1.51 -0.35 1.16 -2.93 1.42 2.58 0.17

B. Home=US; Foreign=UK

1800-1913 1.28 0.14 -1.14 0.19 1.09 -0.05 2.19

1800-1815 1.29 0.80 -0.49 1.62 -0.32 -0.82 1.65
1816-1860 1.79 0.07 -1.72 -0.63 2.42 0.70 2.21
1861-1874 2.12 0.67 -1.45 1.96 0.16 -1.28 2.99
1875-1913 0.39 -0.24 -0.63 -0.08 0.47 -0.16 2.10
1914-1999 -1.75 -1.28 0.46 -1.53 -0.21 0.25 1.13

1914-1925 -0.54 -0.07 0.47 -0.63 0.09 0.56 2.61
1926-1939 -0.91 -0.61 0.30 0.66 -1.58 -1.27 -0.66
1940-1949 -0.84 -1.85 -1.01 -1.26 0.42 -0.59 2.87
1950-1999 -2.45 -1.65 0.80 -2.42 -0.03 0.76 0.92
1950-1973 -2.25 -1.70 0.55 -1.63 -0.62 -0.07 1.10
1974-1999 -2.63 -1.61 1.02 -3.14 0.51 1.53 0.76

NOTE. — The symboldr, ds dUIP, dm, dp, dPPPanddy denote, respectively, the nominal long-term interest-
rate differential, the percentage change in the nominahaxge rate, the deviation from UIBYIP = ds—dr), the
inflation rate differential, the real interest-rate diffatial dp = dr — dm), the deviation from PPRIPPP= ds— dm),

and the real GDP growth rate differential. All figures are regged in percentage per annum terms. The United
Kingdom is the numeraire in all instances.

37



14

12

10

Exchange Rate

1%00 1850 1900
Year

Figure 1. Exchange rates over the past two centuries. The solid lingedethe franc-sterling exchange
rate, and the dashed line denotes the dollar-sterling rate, from 1800 %0 R@%er to Appendix A for the
sources of the exchange rates.
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Figure 2. Short-term and long-term interest rates over the past tworgmntdhe solid lines denote the
short-term interest rates. The dashed lines denote the long-term imtgesstRefer to Appendix A for the

sources and definitions of these interest rates.
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Figure 3. Nominal interest-rate differentials and exchange-rate chatgeg-term movements over two
centuries. Shown in the charts are nine-year centered moving avefdgesign vs. UK long-term nominal
interest-rate differentials (dashed lines) and percentage rates gfecbimominal foreign vs. pound sterling

exchange rates (solid lines).
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Figure 4. Rolling forward-premium-regression slope estimates over thévpasenturies. The solid lines
are the slope estimates for the forward-premium regression on fratiogten the left panel and dollar-
sterling on the right panel. The dashed lines are the 95 percent cardidearvals, constructed according
to Newey and West (1987) with three lags. The dash-dotted lines reptbsenull value of one. Data are
annual. The regressions are rolling forward from 1802 to 1989. Tdrdxshows the starting period of each
regression, with the ending period fixed at 1999.
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Figure 5. Forecasted and realized inflation in the US. The dashed lintedd¢he ten-year inflation forecasts,
the solid line denotes the realized inflation rate, and the dash-dotted line siémetrecasting error, the
difference between forecasted and realized inflation rates.
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Figure 6. Returns on investing in foreign and domestic bonds over tworgnturhe solid lines are the
holding-to-maturity returns on domestic bonds, and the dashed lines arettinesron investing in the
corresponding foreign bonds and converting the proceeds to the tiomasency. In the four panels, the
UK is the foreign country and France and the US are the domestic countries.
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Figure 7. Return differentials on investing in foreign and domestic bonelistex centuries. Solid lines are
the return differences between investing in a foreign bond and a domesticdy holding both to maturity
and converting the foreign proceeds to domestic currency. In the fmalg, the UK is the foreign country
and France and the US are the domestic countries.
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Figure 8. Regression slopes under different extreme sampling critdrias kepresent slope estimates of
the following extreme sampling regression under different sampling criteria:

Si1— & =0+ B3(re —1{) hes+ B- (re — 17) heL + @41,
whereSdenotes the sample periods with the absolute value of the interest-raterdiéfbfiedr||) is within a
critical value and. denote the sample periods when the interest-rate differential is outsideitice ealue.
The critical value on the absolute interest-rate differential is based oreticergile of the data. The lines
denote the slope estimates under different percentiles. In particulaglitidises represent the estimates
for B+ and the dashed lines represent the estimate@>or
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