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Abstract

This paper uses rdahe data to show thamflation and either the quit gap or unemployment, the
variables which normal |l y entratesettnmg cah pravide ebidemck ofd T a )
out-of-sample predictability and forecasting ability fddiiited States Dollar/Euro exchange rate from the
incepton of the Euro in 1999 to the end of 206/2 also present less formal evidence that, witinreal

data, the Taylor rule provides a better description of ECB than of Fed policy during thighgeriod.
strongesevidence is found for specifications tegther incorporate interest rate smoothingnmubude the

real exchange rdatethe forecasting regression, dreresults are robust to whether or not the coefficients
on inflation and the real economic activity measure are constrained to be thettsatdeSfoand the Euro

Area The evidence is strongeith inflation forecasts than with inflation rates andredttime datathan

with revised data. Bad news about inflation and good news about real economic activity bothdéad to out
sample prediabilityand forecasting abilifyrough forecasted exchange rate appreciation.
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1. Introduction
The behavioof exchange rates between Europe amtUttited States, either via multiple currencies

until 1999 or via th®ollarEuro exchange rate thereafter, has been one of the most studied topics in
international economicshe results of this research have been less than stellar. The inabilitycto conne
exchange rates with macroeconomic fundamental s, C
has produced pessimism regarding the usefulreeapidtal exchange rate models and focused attention on
unquantifiable speculative and psychalofgictors.

A major contributing factor to this exchange rate pessimism has been the inability of empirical
exchange rate models, starting with the seminal paper of Meese and Rogoff (1983), to forecast nominal
exchange rates enftsample better than aiv& nechange, or random walk, forecast. While Mark (1995)
provided hope that the models would forecast better at long horizons, more recent work such as Cheung,
Chinn, and Pascual (8p6oncludes that no model consistatulys better than a random walk.

This literaturestill employs the empirical exchange rate models of the 1970s used by Meese and
Rogoff. A money market equilibrium equation, or uieg for the foreign country is subtracted from a
similar eqation for the domestic country, producingguation with the interasttedifferential on the left
handside and money supply, income, and price level differentials on thaendgide. Using Uncovered
Interest Rate Parity (UIRP) and loug Purchasing Power Parity (PPP), and solving eixpectatward, a
monetary exchange rate model is derived which can be useaf@aoytle forecasting. Alternatively, the
two buildingblocks of the monetary model, UIRP and RBRhe used to derive forecasting equations.

The monetary exchange rate etddes not reflect how monetary policy is currently conducted or
evaluated. Starting with Taylor (1993), the interest rate reaction function known as the Taylor rule, where the
nominal interest rate respondshe inflation rate, the difference betwadation and its target, the output
gap, the equilibrium real interest rate, and (sometimes) the lagged interest rate and the real exchange rate, ha
become the dominant method for evaluating monetary jgetitgwing Clarida, Gali, and Gertler (1998),
(hereafter CGG)raylor rules have been estimated for a number of countries and time periods.

The evolution of monetary policy evaluation from LM curves and money supply reaction functions
to Taylor rules has influenced exchange rate moddériga, Galiand Gertler (2002) and Clarida (2007)
investigate the derivation and implications of ecdwotry optimizing model with an open economy IS
curve, Phillips curve, and Taylor rG@ali (2008) embeds Taylor rules in open economy dynamic stochastic
generaéquilibrium models and traces out the effects of monetary policy shocks on nominal exchange rates
Engel and West (2008)ark (2007)and Engel, Mark, and West @@xaminghe empirical performance

of Taylorrule based exchange rate models

1 Asso, Kahn, and Leeson (2007) examine the intellectual history of the Taylor rule and its influence on macroeconomic
research and monetary policy.



A major bcus of Taylor rule estimation, pioneered by Orphanides (2001), is the usmefdai
that reflects the information availabledntralbankswhen they make their interestesetting decisions.

Interest rate reaction functions using-tiesd dad have been estimated @gphanides (2003, 2004) and
Rudebusch (2006) for the United St&tetson (2003) for the United Kingdo@Gilausen and Meier (Z)0
and Gerberding, Worms, and Seitz (2005) for Ggyenrach Sauer and Sturm @0Gerdesmeier and Raf
(2004), Gorter, Jacobs, andHaan (2008and Sturm and Wollmershauser (2008he Euro Area.

Although the argument for using #t&@le data seems at least as compelling for exchange rate
forecasting as for Taylor rule modelirgally all extent literature on exchange rate predictabiéisfully
revised data to assess theobtstample performance of empirical exchange rate nidaisst, and until
recenthyonly, paper ¢ userealtime data to evaluate nominal exchange rate preitiyambihust, Rogers and
Wright (2003). They examine the predi gimeidataforabi | it
Japan, Germany, Switzerland and Canadevisithe U.S. dollar and conclude that, while the models
consistently performelter using redilme data than fully revised data, they do not perform better than the
random walk model.

Molodtsova and Papell (20@)ploiting recent econometric work by Clark and West (2006), test the
out-of-sample predictability of nominal excharage changes using Taylor rule fundamentals for 12
countries from 1973 to 2006. While-tiea¢ data is not available during the-Bostton Woods period for
mo s t of the countries, t hey c onrsetvriuscetd 6o tentigeuntd sg aipl
output, where the trends, while incorporating data revisions, are updated each period so as not to incorporate
ex postata. Although they find strong evidence of sharpredictability wituasirevised data for most of
the considered currergigsing Taylor rule fundamentals, they do not produce forecasts-tiitte réata.

In Molodtsova NikolskaRzhevskyyand Papell (28 we integrateesearch on monetary policy
evaluation and owff-sample exchange rate predictability withinemldéa. We estimate Taylor rule interest
rate reaction functions with réiate data for the United States and Germany from 1979, the beginning of
the European Monetary Syst@mS) through 1998, the advent of the Euro, and use these specifications as
fundamatals for evaluating eaf-sampleredictabilityof the United States Dollar/Deutsche Mark nominal
exchange rat@/e find that evidence of predictability increases with the usetiocigeedther than revised,
data and withmodels that allow differedtiaflation and output coefficients in the Federal Reserve and
Bundesbank reaction functions and include the exchange rate in the Bundesbank reaction function

This paper uses rdahe data to evaluate eftsampldorecasting andredictability of the kited
States Dollar/Euro exchange rate from the inception of the Euro in 1999 to the endTdi€2660d.of the
sample was originally chosen for data availability when we wrote the first draft of the paper. We did not

2 Engel, Mirk and West (2007) use a more constrained versiorMidltittsova and Papell (2088gcificatiomith
fully revised datarhey find less evidence of sHwotizon predictability, but more evidence of -lomgzon
predictability, than Molodtsova and étlap



update the date throu@®08 becausef the zero bound on the nominal interest rate. Once the Federal
Funds rate approaches zero, it cannot be lowered further and future interest rate setting cannot be predicted
by the Taylor rul&Ve first ask whether Taylor rules appear to be a reasppaiénaation of interest rate

setting for the United States and the Euro area during this period. Since estimation of Taylor rules with (at
most) eight years of data did not seem compelling, we start with visual evidence from a standard Taylor rule
speciftation, similar to that presented by Taylor (1988¥ind that simple Taylor rules generally track the
direction of interest rate movements for both the Federal Reserve System (Fed) and the European Central
Bank (ECB), although the fit is not nearlylasecas in Taylor (1993). In particular, the shortfall of the
Federal Funds Rate below the Taylor ridefoathe United States for 2002 to 2@d6phasized biyaylor

(2007ags a cause of the housing price bubble, is also evident sitrerdata.

Having established that Taylor rules provide, at the least, some information that is useful for
understanding Fed and ECB monetary policy, we proceed to see if they are useffiséonplg exchange
rateforecasting angdredictability. At the onset, weed to make clear the distinction between forecasting
and predictabilitylf we were evaluating forecasts from twomested models, we coglimpare the mean
squaregredictionerrors(MSPE) from the two models, scaled to produceébts of Dieboldrad Mariano
(1995) and West (1996MW statistiy; and determine whether one model forecasts better than thimother.
our case, the null hypotheisi; random walk anal alternativamodels are nestetesultingn severely
undersized tests with startl@aormal critical values. In order to evaluate forecadtiity whether the
MSPE from the alternative model is significantly smaller than the MSPE from the null model, we use critical
valuesrom McCracken (20070 evaluate predictability, whether tector of coefficients on the Taylor
rule fundamentals is jointly significantly different from zero in a regression with the change in the exchange
rate on the lefhandside we use the Clark and West (2006) adjustment of the DMW statistic.

The startingpoint for our analysis is the same as for the Taylor rule model of exchange rate
determination, the Taylor rule for the Euro Area is subtracted from the Taylor rule for the United States.
There are a number of different specifications that we considere&¢h specification has the interest rate
differential on the lefiandside, there are a number of possibilities for thehagigiside variables.

1. Taylompositedthat the Fed sets the nominal interest rate based on the current inflation rate, the
inflation gap the difference between inflation and the target inflation rate, the outptheaifference
between GDP and potential GDP, and the equilibrium real interest rate. Assumind@Rtfdhews a
similar rule, we constructsgmmetninodel with inflation and theoutput gapon the righthandside

Followingthe results in CGG for Germarwe can also posit that tBEB includes the difference between

3Poole (2007) presents a similar picture for the U.S. wiimeedhta from 1987:09 to 2006T6lor (200b) depicts
residuals from a Eurozone policy rule with the same coefficients, but does neimsedadal
4 This distinction has beemphasized by Inoue and Kilian (2004) and Rogoff and Stavrakeva (2008).



the exchange rate and the target exchange rate, defined by PPP, in its Taylornsteienaasymmetric
model where theeal exchange rate is also included.

2. It has become common practice, following CGG, to posit that the interest rate only partially
adjusts to its target within the period. In this case, we construct a mostebthithgo that lagged interest
rates appear on the riglgndside. Alternatively, we can derive a modelngitamoothih@t does not
include lagged interest rates. Models with and without smoothing can be symmetric or asymmetric.

3. If the Fed and ECRespond identically to changes in inflation and the output gap, so that the
coefficients in their Taylor rules are equal, we dehemagenemosiel where relative (domestic minus
foreign) inflation and the relative output gap are on thehagtside. If the response coefficients are not
equal, dneterogeneoodel is constructed where themestic and foreigrariables appear separately. The
homogeneous and heterogeneous models can be either symmetric or asymmetric, with or without
smoothing.

The models we have specified all have the interest rate differential ofhdnedefe. If UIRP
held with rational expectations, an increase in the interest rate would cause an immediate appreciation of the
exchange rate followed by forecasted (and aatt) depreciati on i n accord
overshooting model. In that case, we could derive an exchange rate forecasting equation by replacing the
interest rate differential with the expected rate of depreciation and use the variables fromd¢he twnt r i e s
Taylor rules to forecast exchange rate changes, so that an increase in inflation and/or the output gap would
produce a forecast of exchange rate depreciation. There is overwhelming evidence, howeverpésat UIRP d
not hold in the short runsaummarized bympirical research dhe forward premium puzzle, as in Chinn
(2006), and the delayed overshooting puzzleEgh@nbaum and Evans (19948 assume that investors
use this evidence for forecasting, so that an increase in inflationtla@ddatput gap will increase the
countryds interest rat e, cause iimmediate exchang
exchange rate appreciation.

Usingrealtime data witfTaylor rule fundamentals, we find very strong evidence-affsauple
predictabilityand forecasting abilitgr the Dollar/Euro exchange rafehe strongstevidence comes from
symmetrispecificationsvithout interest rate smoothinthe results are robust to whether the specification
is homogeneous or heterogerseand to whether the outpgap is constructed by Hodrekescott (HP)
filtering, taken from OECD estimates, or proxied byifference between thimemployment ratnd the
natural rate of unemploymeRor these [gecifications, the evidence of foréogsability is nearly as strong
as the evidence of predictability. Asymmetric specifications which include the real exchange rate in the

®|If, in addition to having the same inflation response and interest rate smoothing coefficients, the two central banks
have identical target inflation rates and equilibrium resdsintates, there m® constaom the righthandside.

Otherwise, there iscanstar@ince the restrictions necessary to eliminate the constant seem very unlikely to be fulfilled,
we only estimate models with a constant.



forecasting regression and/or specifications swtbothing providdessevidence of predictabilignd
forecasting ality thansymmetrispecifications withut smoothing.

Does our evidence for the Dollar/Euro exchange rate comeTaylor rule fundamentals, or is it
driven by either inflation or the output gbpt not bothdn order to answer this question, egtinate
forecasting regressions where inflation, the HP filtered output gap, the OECD measured output gap, and the
unemployment rate enter separately. The results are similar to those where inflation and a measure of
economic activity enter jointly, indicatimgt both components of Taylor rule fundamentals are important
for outof-sample predictabilignd forecasting

We al so investamgat ef oapikyevats revisaddflatibniandyedl economic
activity data, recognizing that wee ano longer replicating the environment experienced by market
participants. In contrast to many applications ofinealdata, we expedbiat because the exchange rate is
an asset price, predictabitityd forecasting abilipandecrease with revisedta because information is
being used that was unavailloln when the forecasts were made and when the forecasted exchange rate
was realized. We finthlat both predictabilityand forecasting abilidecrease whemviseddata is in the
forecasting regssion. The decreases are more dramatic withBG® measured output gap, which is
consistently larger than the #t@ake OECD measured output gépanwith the revised HP filtered output
gap or the unemployment rate, neither of whichaareubstantialldifferent from their reatime
counterparts.

When estimating Taylor rules with-tisaé data, it is common practice to use forecasted, rather than
realized, values of inflation and real economic acivéyfirst use ongearahead forecasted inflatiand
realized values of economic activity, and find that foettictability and forecasting ability increase
compared to the results with realized inflation. We then use forecastedwittagtther the forecasted
OECD output gap or the forecastecemployment rate. The results oth predictability and forecasting
ability are even stronger than with forecasted inflation andd@alues of economic activity and constitute
the strongest results in the paper.

Rogoff and Stavrakeva (2008) havieized recent studiéisat employ the CW statistic, including
Engel, Mark, and West (2007), Gourinchas and Rey (2007), and Molodtsova and Papell (2009), because it
does not necessarily sati sf §afordcasiwith MSPE smallerahan t er i o
the MSPE of a driftless random wadlk.our terminology, the CW statistic is a test for predictability, not
forecadhg ability. The results in this paper, however, apply to both. For every symmetric specification
without interest ratemoothing using retine data, the MSPE of the model with Taylor rule fundamentals is

6 Orphanides and Wieland @3), for example, find that the fit of Taylor rule models is improved by using inflation and
unemployment forecasts.

TRogoff and St seoomdariteziondod a godd XdeliE®i)lves robustness of the -@fitsample test

statistics over diffemeforecast windows. Given the short span of data since the advent of the Euro, we cannot address
this criterion.



smaller than the MSPE of the random walk model and the random walk null can be rejected using
McCrackends (2007) <critical wvalwues for the DMW st
It is often as&d whether the experience of the Bundesbank during the EMS period provides a good
predictor for the actions of the ECB. The answer from this paper is clebrlpuroearlier work on the
Mark/Dollar exchange rate with réale data, we found evidencepoddictability only with heterogeneous
coefficients and asymmetric specifications, with or without smoothing. For the Euro/Dollar rate, we find that
the evidence of predictabiléiygd forecasting ability much strongewith symmetric specificatiowithout
smoot hing, and doesnd6t depend on whether the coef
Clarida and Waldman (2008), using an event study methodology, find evidence that a surprise
increase in inflation causes the exchange rate to appreciatgeiy tieort run for inflation targeting
countries. We find strong support for our variant
news for the exchange ratebo, which we <characteri
foremst ed exchange rate.dé6 Using the most successful
in U.S. inflation relative to Euro Area inflation causes forecasted dollar appreciation whatever measure of real
economic activity is included in the farect i ng r egr essi on. We also find
unempl oyment i s good news for the forecasted exch
the Euro Area output gap causes forecasted dollar appreciation while an indr8asmémployment
relative to Euro Area unemployment causes forecasted dollar depreciation.
2. Taylor Rule Fundamentals
We examine the linkage between the exchange rate and a set of fundamentals that arise when central
banks set the interest rate accortbntpe Taylor rule. Following Taylor (1993), the monetary policy rule
postulated tde followed by central banks can be specified as

(1) it :pt+f(pt'p)+g/t+r
Wherei: is the target for the sha@drm nominal interest ratg, is the nflation ratep’ is the target level of
inflation, y, is the output gap, or percent deviation of actual real GDP from an estimate of its potential level,

andr’ is the equilibrium level of the riziérest rate. It is assumed that the target for thetshrarhominal
interest rate is achieved within the period so there is no distinction between the actual and target nominal
interest rateAlternatively,as in Blinder and Reis (200%)e differencebetween the natural rate of
unemploymendnd the unemployment ratn replace the output gap.

According to the Taylor rule, the central bank raises the target for thershadminal interest
rate if inflation rises above its desired level and/pubigt above potential output. The target level of the

8 While we do not explicitly incorporate tivaeying inflation and/or equilibrium real interest rates, the use of rolling
regressions allovigr changes in the constant.



output deviation from its natural ratgis 0 because, according to the natural rate hypothesis, output cannot

permanently exceed potential output. The target level of inflggasitige because it is generally believed

that deflation is much worse for an economy than low inflation. Taylor assumed that the output and inflation
gaps enter the central bankd&s reaction foftheti on w
real interest rate and the inflation target were both equal to 2 percent.

The parameterg; and ™ in equation (1) can be combined into one constantiterm - £ p,

which leads to the following equation,

) ii =m+l ptg,

where / =1+7 . Becausé >1, the real interest rate is increased when inflation rises and so the Taylor
principle is satifil.

While it seems reasonable to postulate a Taylor rule for the United States that includes only inflation
and the output gap, it is common practicénclude the real exchange rate in specifications for other
countries,

(3) i, =m] progy, +a,

whereq is the real ekange ratéor the Euro AreaThe rationale for including the real exchange rate in the

Taylor rule is that the central bank sets the target level of the exchange rate to make PPP hold and increases

(decreases) the nominal interest rate if the exchandemadciates (appreciates) from its PPP Balsed

on the evidence in CGG ahtblodtsovaNikolskeRzhevskyyand Papell (28pthat the real exchange rate

entered the Taylor rule for the Bundesbank during the European Monetary System periodomtbellow f

possibility that it should be included in the ECB
It has also become common practice to specify a variant of the Taylor rule which allows for the

possibility that the interest rate adjusts gradually to achieve its target levely E@IGwwe assume that

the actual observable interestirgi@rtially adjusts to the target as follows:

(4) it :(1' r)it* +rit—1+vt

Substituting (3) into (4) gives the following equation,

(5) i =@- r)(m] proy )+ ity

whered = 0 for the United States.
To derive the Taylaulebased forecastirgguation, we construct the interest rate differential by
subtracting the interest rate reaction function fdehe Arearom that for the U.S.:



(6) it “h =a +auppt - aepﬁt +auyyt - aeyyt - aqat + ruit—l - reit—l +ht
where ~ denoteEuro Areavariablessubscriptal and edenotecoefficients for the United States &mel
Euro Areaa is a constan@,, =/ (1- r) anda, =g(1- r) for bothcentral banksanda, = d(1- r)

for theECB?
Suppose that U.S. inflation rises above target. If there is no smoothing, athietadjsistments

are immediate. The Fed will raise the interest rdtBy whereDp is the change in the inflation rate. If

there is smoothing, the adjustment is gradual. The Fed will raise the intere@-rat¢/dyp in the first
period. In the second period, the interest rate Wi(l].berz)/ Dp above its original level, followed by

- r3)/ Dp, and so on. The maximum impact on the interest rate will be approXibatetiie same as

with no smoothing. Engel and West (2006)CGlaidda and Waldman (2008) show #stmingthe Taylor
principle is satisfiedsarpriséncrease in U.S. inflation will appreciate the exdege

How will the increase in the interest rate differential affect exchange rate forecasts? According to the
results in Eichenbaum and Evans %198 positive shock to the federal funds rate leadslaped
overshootingboth immediate and sustained exchange rate appreciation, with the maximal impact occurring
between 22 and 33 months after the sHotikwed by depreciatiomhis is clearly inosistent with UIRP
with rational expectations, which constrains the maximal impact to occur immediately. Faust and Rogers
(2003)and Scholl and Uhlig (2008hile questioning their identification procedure, also find large UIRP
deviations in response rwonetary policy shocks. Assuming that investors use these empirical results for
forecasting, we postulate that an increase in U.S. inflation above target will cause forecasted dollar
appreciationn the short runA similar argument would imply that améase in Euro Area inflation above
its target would lead to forecasted euro apprecéhation.

The link between higher inflation and exchange rate appreciation potentially characterizes any
country where the central bank uses the interest rate as thenhgtramnflatiortargeting policy rule. In
the context of the Taylor rularéeadditional predictions can be made. First, if the U.S. output gap increases,
the Fed will raise interest rates and cause the dollar to appreciate. Similarly, an imerEase Arda
output gap will cause the euro to appreciate. Sédbredreal exchange rate for the Euro Area depreciates
and it is included in the ECBO6s Taylor rule, the
and the dollar toepreciatelhird, if there is interest rate smoothatggher lagged interest rate widtease

current andexpected future interest sat&nder UIRP and rational expectations, any event that causes the

2 As shownby Engel and West (ZB)pthis specification woudtill be applicabléf the U.S. had an exchange rate target
in its interest rate reaction function.

10 Gourinchas and Tornell (2004) show that an increase in theestimde can cause sustained exchange rate
appreciation if investors systematically underestimate the persistence of interest riiolsttszksa and Papell
(2009use their results to provide theoretical link between higher inflation and forechatep eatepreciation.



Fed or ECB to raise its interest rate will predoumediate exchange rate appreciation and forecasted
depreciation. Based on the evidence discussed above, however, we believe it is more reasonable to postulate
that these events will produce both immediate and forecasted appreciation.

These predictionso be combined with)(& producemexchange raterecasting equation:

(7) D51+1 =w- Wuppt + M/epﬁt - M/uyyt + M/eyyt + ant - Wuiit-l + Weiit-l +ht
The variablg, is the log of th&).S. dollanominal exchange rate determined as the domestic price of foreign

currencyso that an increasesjnis a depreciation of the doli@ihe reversal of the signs of the coefficients
between (6) and (7) reflects the presumption that anything that causes the Fed and/or ECB to raise the U.S.
interest rate relative to the Euro Area interest ithteause the dollar to appreciate (a decreggeSimce

we do not know by how much a change in the interest rate differential (actual or forecasted) will cause the
exchange rate to adjust, we do not have a link between the esghituel coefficients in (6) and (7).
A number of different models can be nested in Equajidhthte ECBd oesndt target t h

rated = wyg = 0 and we call the specification symmetric. Otherwise, it is asymmetric. If the interest rate

adjusts tdts target level within the periad = ws = 0 and the model is specified with no smoothing.
Alternatively, there is smoothing. If the coefficients on inflation, the output gap, and interest rate smoothing
are the same in the U.S. andBbe Areasothatwy, = Wey, Wuy = Wey, andwii = We, inflation, output gap,
and lagged interest rate differentials are on thehaigside of Equation7f and we call the model
homogeneous. Otherwise, it is heterogeneous.
3. Taylor Rules, theFed, and the ECB

If we were writing this paper in @@istead of 2(#) we would start by estimating Taylor usasgy
realtime datafor the Fed and ECB to provide a guide to the factors that might affeftsample
exchange rate predictabiliynce that option is mleded and we are skeptical that much can be learned
from estimating Taylor rules with eight years of data, we start with a more descriptive method. We first
describe the retime data available for the U.S. and Euro Area since 1999, and then praviédgésce
that Taylor rules with rei@he datgorovide a useful characterizationntdérest rate setting by the Fed and
ECB11
3.1Real-Time and Revised Data

We useealtime quarterly data from 1999:Q4 to 2007&4he United States aritle Euro Area
The data is fronmthe OECD Original Release and Revisions Databldsasa triangular format with the

11 Recent papers that compare Taylor rules for the Fed and ECB, including De Lucia @@DZuaas Gerdesmeier,
Mongelli, and Roffia (2007), use either Bundesbank or synthetic Euro Area data to extend the sample badk to 1993
therefore cannot use réiahe data.

12 An alternative would be to use Euro Area Business Cycle Network data, but it does not start until 2001.



vintage date on the horizontal axis and calendar dates on the vertical. The term vintage dateobes the
which a time series of data becomes kriowhe publi¢3 For each subsequent quarter, the new vintage
incorporates revisions to the historical data, thus providing all information known at e thevdsed
data is constructed from the 2007:Q4 vintatlpe nealtime datasdor both counties

For each forecasting regression, we use 34 quarters to estimate the historical relationship between the
Taylor rule fundamentals and the change in the exchange rate, and then use the estimated coefficients to
forecast the exchange rate-qunarterah@ad. The data for the first vintage starts in 1991:Q1. We use rolling
regressions to predict 32 exchange rate changes from 2000:Q1 to 2007:Q4. Since we use vintage data, the
estimated coefficients are based on revised data, but the forecasts are conguetdine data4

We useéhe GDP Deflatorto measure inflation for the U.S. #meHarmonized Index of Consumer
Prices (HICP)o measure inflation f@uro AreaFollowing Taylor (1993), the inflation rate is the rate of
inflation over the previous Upb quartersWe use two different measures of the output gegt, we
construct quarterly measures of the output gapifremmal OECD d#nates. This data comes from the
semiannual issues @ECD Economic Outlook. Each issue contains past estimatesl| assfuture
forecast of annual values of the output gap for OEGntriesincluding the Ero Area Sinceboth
estimates and forecasts are annual, wejusetic interpolation to obtain quarterly estirffaés. £cond
measure of the output gapes HP detrended real industrial productidwhile applying the HP filter, we
take accountdf theendof-sample problem by far@sting and bacisting théndustrial productioreeriedy
12 quartersn both directions assuming that growth ratésv an AR4) processlhe unemployment rates
are from the OECD redéime database.

Theforwardlooking specificatiorisr the U.Salsouse thePhiladelphi&ed Survey of Professional
Forecasters (SPHEgata, which consgsbf annualized quartewverquarter GDP diator inflation and
unemploymenforecasts at different horizons. We contregtn into yeafoveryearrates by takinghe
average of fowwonseativeforecastsThedata isavailable for the entire sampler. the Euro Areaghe ECB
publishes Euro Area ERorecasts fothe oneyearahead HICP inflatiorate Thefirst round of the survey
was conducteih 1999Q1. Thismeans that we do not have the same forecas99d€)1, which is the
starting point for outvintage" regressions. @iealwith thisissugwe note that the first "vintage" regression
whichthe public could have run usi@&CD realtime data was in 199¥ when thdirst OECD vintage

13 There is typically a caeater lag before data is released, sdimgalvariables dated tirhactuallyrepresent data
throughperiodt-1.

14 An alternative method of constructing-tealme data i s to use oO0diagonal 6 dat a
revisionsWith that method, the estimated coefficients would also uSmeedhtaSince the vintes are not available

before 199@nd we only have 32 forecast perisgsdonot have that option for this paper.

Since the data is updated senmiuallywe assume that the quarter following theeriodin which the estimates are

released, the publises the estimates and forecasts from the previous §Marteterpolate between the current and
immediate paselease of the Economic Outlook.

16 The ndustrial production data starts in 1990¥@d use industrial production instead of GDP becauksdtdraloes

not start until 1995 for the Euro Area in the OECD database.
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was publishedht that time, inflation data fa99:Q1-1999Q3 was available. To construct the t+4 inflation
forecast for any vintage, we usertfadized+4 values oinflation until 1998Q4 and realime Euro Area
SPF forecasts from 1999:to 2007Q4. The data for t+4 SPF forecasts of unemployment for Euro Are is
constructed by the same metkod.

The exchangeate, defined abe quarterhaveraged US dollar price of a Euro, and the-temort
nominal interest rates, defiredthe interest rate in the third month of each quartéakarefrom OECD
Main Economic Indicators (MEI) databadee shorterm inteest rate is the money market rate (EONIA)
for Euro Area and the Federal Funds Rate for the U.S. Since interesttidataufor Area does not exist
prior to 1994:Q4, we uslee German money market rate from the IMF International Financial Statistics
Database (line 60B) for the earlier peridte real Euro/lUSD exchange rate is calculatdee percentage
deviation ofthe nominal exchange rate from the tadgéhed by Purchasing Power Parity, wheénto
countriesd pr i céedPHorthd UsS. athedlIChieragheEum Arda. b y

The reatime and revised data are depicted in Figure 1. In line with all research in this area since
Orphanides (2001), the differences are much larger for output gaps than for inflation, reflectingsthe change
in potential output, aselvas the data revisions themselves, for the former but not the latter. Revisions in
unemployment are much smaller than revisions in the output gaps for both the U.S. and the Euro Area. For
the U.S., the revisions in the HRefdd output gap are larger than the revisions in the OECD estimated
output gap, while the opposite is true for the Euro Atealargest revisions are for the OECD-tiesd
estimates of the output gap for the Euro Area, which are substantially betwis¢deestimates from
1999:Q4 to 20032.

These points are illustratediable lthatprovides summary statistiésevised and retime data
The average U.S. réaie inflationand unemploymenmateare virtually the sameths revised inflatioand
unemploymentate and the averagero Arearealtime inflationand unemploymemate differ from thie
revised counterpaiitssignificantlyThelargestifference are founcbetween the average U.S-tigsd and
revisedHP filteredoutput ga@ndEuro Area OECD output gap. These differences are very close in size and
equal tal.14 percentage points for the U.S. 4@ percentage points fauro AreaThe average U.S. real
time and revise@ECD output gapand Euro Area reéime and revised HP filegt output gap differ by
0.05 and 0.11 percentage points, respecliiese differences suggest that policy recommendations based
on HP filtered output gap for the U.S. and OECD estimates of the output gap for the Euro Area may be
substantially differemtith revised and retiine data.

Table 2 shows the descriptive statistics on data revisions in our sample. A positive and significant
value for the mean of the revision indicates that the variable was on average revised upwards, so that the

existence of gasurement errors or the availability of new information (or both) made the statistical agency

17 Since the first forecasts are conducted in 1994 are redime forecasts even though realized t+4 values of
inflation and unemployment are used through 1998:Q4.
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realize that the inflation rate and/or the output gap was higher than perceiveome. id& can see that

the mean revision for inflatiamd unemploymelig essentially zero for the UYa&hdinsignificant foEuro

Area Both HP filtered output gap for the U.S. and OECD estimates of the output gap for the Euro Area are
on average revised upwards.

To explore the nature of data revisions in our sample, waexaencorrelations betwebe data
revisions, defined aGeviseXreatimeand the reaime and revised series. According to Mankiw and Shapiro
(1986), if data revisions represent pure noise, they should be uncorrelated with the revised elatadut corr
with the reatime series. The opposite should be true if data revisions represent pure news. The correlations
in Table 2 indicate that revisionshieEuro Area HP filtered output gegpresent pure wsand revisions
in Euro AreaOECD output gapare dominated by news. The revisions in Euro Area inflation and
unemploymentepresent mostly noisehe properties of news are more pronouncétkib.S.revisions of
inflation andhe HP filtered output gap, while revisionghefU.S. OECD output gapnd unemployment
are dominated by noise.

3.2 Taylor Rules for the Fed and ECB

We providevisual evidencef how closelyinterest rate setting by the Fed and the E@Bbe
characterized by a Taylor rule withtiged dataln panelA of Figure2, we dei the actudl.S. and Euro
Area interest rate atloe counterfactuahterest rate implied tay Taylor rule with a coefficient of 1.5 on
inflation 0.5 onthe output gapan inflation target of 2 percent, an equilibrium real interest rate of 2 percent,
ard no smoothingExcept for using retime rather than reviseldta and a different time period, this is
exactly the exercise conductedamplor (1993We use GDP redime inflation for the US, HICP rdahe
inflation for theEuro Area, an@ECD estimges of the output gap.

The results for the U.Show that, wile the Federal Funds rate and interest rate implied by the
Taylor rule are clearly positively correlabediFéderal Funds rate is consistently below the rate implied by
the Taylor rule fron2002Q4 to 200:Q1 nearly exactlseplicating the results reportedTaylor (20078
with revised data.Taylor(2003) argues that the gap betweendtieal Federal Funds rate and the rate
implied by the Taylor rule was an important contributing fadioe housing price bubble in the U.S. Our
results show that, in the context of this argument, the discrepancy is not an artifact of using revised data that
were not available to the Fed at the time that intatesetting decisions were made, but @gears in
realtime dataFor the Euro Area, ile the overall fit is closehgtactual Money Market Rate is below the
rate implied by the Taylor rule from 20A3®Q200:Q1 While this is similar to the pattern found for the
U.S., the magnitude of thap ismuchsmaller fothe Euro Area than for the U.S.

It is often argued that monetary policy evaluation should be conducted withldokirgdataln
panelB of Figure2, wedepictforwardlooking specificatienfor whichwe use the t+4 SPF inftat

18 Figuredor HP filtered data (not reported) are similar.
191n Taylor(2003), the actual and implied paths diverge in 2002:Q2 and merge again in 2006:Q3.
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forecasts for botthe Euro Area and the U.Bverything else, includitite coefficiens on inflationandthe
output gapthe inflation target of 2 percent, and the equilibrium real interest rate of 2 percent, is the same as
with contemporaneous inftn. For the U.S.the pattern is similar to that found with contemporaneous
inflation except that it starts in 2002:Q3 and ends in 2005:Q4. In addition, the gap between the actual Federal
Funds rate and the rate implied by the Taylor rule is smalleredtsted inflatiofor the Euro Areahe
actual Money Market rate with forecasted inflation is very close to the rate implied by the Taylor rule for
almost the entire period, with the actual rate higher®2@00 and the implied rate higher in ZB6.

With forecasted inflation, wean constructex anteeal interest rates as the nominal interest rate
minus the expected rate of inflation, and calculate the equilibrium real inteteth pes;ent for the U.S.
and 1.33 percent for the Euro Araa the average real interest rate over the gefioe.results witla
forwardlooking specification and calculated equilibradinterest rate are shown in paneA€&ording to
Equation (1), the equilibrium real interest rate has dqrenaint dfect on the nominal interest rate, Iss t
lowersthe interest rate implied by the Taylor rule by 0.55 percent for the U.S. and 0.67 percent for the Euro
Area.For the U.S.thegap between the actual Federal Funds rate and the rate implied by theld aylor
starts in 2002:Q3 and ends in 2005:Q4 and is dhmatitrat found withan equilibrium real interest rate of
2 percentror the Euro Areaht actual Money Market ratigh forecasted inflatiae above the rate implied
by the Taylor rule for most the period, and they are very close from 2003:Q2 to 2006:Q3.

Using reatime data visual methods that makettempt to produce a good fit between the actual
and implied interest ratege have shown that the Taylor rule provides a good approxinmatienest rate
setting by both the Fed and the ECB since 1999. For the U.S., the major deviation occurred between 2003
and 2006 and, as describedThylor (2007awas produced because the actual Federal Funds rate was
consistently below the rate implogdthe Taylor rule. For the EGBe differencebetween the actual and
implied interest rates are smaller, and the actual Money Market rate was neither consistenthekivove
the rate implied by the Taylor rule.
4. Forecast Comparison Based on M&P

We have provided some informal evidence that, usitigneedbtainterest rate setting by the Fed
and the ECB is broadly consistent with Taylor rule. We now turn to the central question of our paper,
whether Taylor rule fundamentals can provide eeidémutof-sampldorecasting and/gpredictability for
the United States Dollar/Euro exchange r&tefore addressing this issue, we need to summarize some
econometric results.

We are interested in comparing the mean square prediction errors frostad/onoeels. The
benchmarknodel is a zero mean martingale difference process, wdliierttagivés a linear model.

20 Because the equilibrium real interest rate is calculated by averaging over the period, this isanatakterally
exercise even though it usestigad inflation and output gap data.
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Model 1: y, = ¢

Model 2: y, = X,b+¢, whereE,(€)=0

Suppose we have a sample of Bbservations. The last P observations are used for predictions.
The first prediction is made for the observaRef, the next foR+ 2 , é, t hrel. Wei have | for
T+1=R+P, whereR=34, andP=32 quartersTo generate prediction for periofR, R+1, é, we UBe the

information available prior toLet IE is a regression estimatefpfthat is obtained using the data prior to

t. The onestep ahead prediction for model 1 is O)('m(ﬁt for model2. The sample forecast errors from

the models 1 and 2 aﬁm = VY, and EM = Vi - Xmﬁt, respectively. The correspondigP Esfor

- i - )
the two models a? =P* J y2, and£ =P 3 (V.- Xi,F)?.

t=T- P+1 t=T- P+l
Wewant to testhe null hypthesisthat theMSPEsare equakgainst the alternative thizeé MSPE
of Model 2 is smaller than the MSPE of Modentler the null, the populatibfSPEsare equal. We need
to use the sample estimates of the populst®REsto draw the inference. The pedlure introduced by
Diebold and Mariano (1995) and West (1996) uses 888Risto construct a-type statistics which is
assumed to be asymptotically normal. To construct the DMW statistic, let
E:E,t_é,t and f:P'l éE+1:‘£2'£§
t=T- P+l

Then, the DMWest statistits computed as follows,

f = L _
, where \E=P! J (£,- f)?
VP AE t=T- P+l i

McCracken (2007), among others, shows that application of the DMWysithtistamdard normal
critical valueto nonnested models results in severely undersizedCtagtsand West (200@¢monstrate

©) DMW =

analytically that the asymptotic distributionarapse and population difference between th&iSREsare
not identical, namely the sample difference between théSRBsis biased downward from zefdey

show that the sample difference between thM&RESs uncentered under the null.

T o T T o T o T o
- 2 _pl = -1 A 2 -1 A . 2 -1 R . -1 A . 2
©) SEZ } ﬁ =P a Et+1 =P avu-P a (yt+1' th\tlﬁt) =2P" a yt+lth+1£t_ P™ a (XtLlEt)
t=T- P+l t=T- P+l t=T- P41 t=T- P+l t=T- P41
Unde the null, the first term i®)is zero, while the second one is greater than zero by construction.
Therefore, under the null we expect the MSPE of the natlamge model to be smaller than that of a
linear model. The intuition behind this resulhésfollowing. If the null is true, estimating the alternative

model introduces noise into the forecasting process because it is trying to estimate parameters which are zero
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in populationUse of the noisy estimatelwelad toa higher estimated MSPE aada result, the sample
MSPE of the alternative model will be higher by the amount of estimation noise.
In order b test for predictabilityye construct the corrected test statistic as descriBéatkrand
West (2006py adjusting the sample MSPE fribva alternative model by the amount of the bias in the
second term of equatid®).(This adjusted CW test statistic is asymptotically standard normal. When the null
is a martingale diffemce series Clark and West (2R0687) recommend adjusting the diffece between
MSPEsas described above and using standard normal critical values for.dhference
It is important to understand the distinction between predictability and foretégiinge use the
term opredictabili-ofganppaspraedshhormtbhadnd yHBorn noadilte s et
(2006, 2007), rejecting the null of a zero slope in the predictive regression in favor of the alternative of a

nonzero slopelhe CW methodology tests whether the regression coefficisraero rather than whether

the sample MSPE from theodelbasedorecast is smaller than the sample MSPE fromatidem walk
forecast.

How can we test for forecastilgjlitywith nested models? While there is not a universally accepted
answerd this question, wes e Mc Cr a c k e n 0 sritical adué&t jhe RVNytesipwithonested
modelsto produce correctly sized te3tise critical values depend on the ratio P/R, which is 0.94 with our
data, and the number of additional estimatedneaers in the unrestricted maégince the null hypothesis
is a random walk, with zero estimated parameters, the number of additional estimated parameters is given in
Equation (7), ranging from three for the symmetric model with homogeneous coaffitieatsmoothing
to eight for the asymmetric model with heterogeneous coefficients and si%oothing.

One disquieting aspect of both tests is that it is possible to find evidence of predictability and/or
forecasting ability when the MSPE of the randomferaikasis smaller than the MSPE of the linear model
forecastThe issue arises because, whether good size is achieved by adjusting the DMW statistic, as in Clark
and West (2006), or by adjusting the critical values, as in McCracken (2007), tlom disttieudritical
values is not centered around the point where the two MSPEs aréhégjusinot problematic in the

context of testing for predictabilityhich is a test afhether the regression coefficiéntis significantly

21Because the null hypothesis for the CW statistaeis anean martingale difference progessan only test the null

that the exchange rate is a random walk, notlamamalk with driftClark and West (26@®007 argue that standard

normal critical values are approximately carettadvocate using them instead of baged critical value€lark

and McCracken (200@pnsider the impact of data revisions on té#stgiual predictive ability. Because the nominal
exchange rate is unrevised and a random walk under the null, even predittablelagakevisions do not have an
impact on the asymptotic distributions and the Clark and West results can be used.

22Thecritical values are tabulated for P/R = 0.8 and 1.0, and we construct the values for P/R = 0.94 by interpolation.
23 Since we have a relatively small number of observations, we also calculated bootstrapped critical values for the CW
test, which made virtliano difference in the results and are not reported. We did not calculate bootstrapped critical
values for the DMW test because, as described by McCracken (2007), the asymptotic distrithutiett is
approximated by standard normal distributiand so bootstrapping cannot be used to correct finite sample size
distortions relative to an asymptotic standard normal distribution.
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different from zerolt is problematic, however, in testing for forecasting ability, which is a test of whether the
MSPE from the model is smaller than the MSPE from the randonnvgadkeral, using the critical values
in McCracken (2008pecificationwith larger P/R and larger number of additional estimated parameters are
more likely to produce rejections of tiledom walk null when the MSPE from the random walk is smaller
than the MSPE from the modkl.the context of our specifications, with P/Rado 0.94, it is not possible
to reject the random walk when the MSPE from the random walk is smatles M&PE from the model
at the D percent significance level or higher with three additional estimated pavitrefers-to-seven
additional pameters, it is possible tgject the random walk at the 10 percent, but nob thercent,
significance level and, with eight additional parameters, it is pos®jaet tihe random walk at tBe
percent level.
5. Empirical Results
5.1Taylor Rule Fundamentals

We now turn to our empirical resulfables3-6 present results for omgliarterahead forecast
comparisongThefirst row of each panedporsthe ratios of the owdf-sample MSPE from the linear model
with Taylor rule fundamentals to thathed random walk modélhe secondow reports pvalues that test
predictability- can the null hypothedisat the true model is a random walk be rejected in favor of the
alternative of the model with Taylor rule fundamentals, using the CW tsymwititic critical values.
The thirdrow reports prvaluesthat test forecasting abiliycan the null hypothesis that the random walk
model has the same MSPE as the Taylor rule model be rejected in favor of the alternative hypothesis that the
MSPE of the Tdgr rule model is smaller than the MSPE of the random walk model, using the DMW test
withMc Cr a c k e arifical vau@s0 0 7 )

Table3 presents the central results of the paper. With a symmetric spedifaiatioes not include
the real exchangdeanthe forecasting regression aodnterest ratsmoothingthe MSPE of the Taylor
rule model is smaller than the MSPE of the random walk model, so that the ratio is less than unity, for all six
casesWe use the CW statistic to test for predictamiith.homogeneous coefficients, the random walk (no
predictability) null hypothesis is rejected in favor of the alternative hypothesié-sémople predictability
for the Euro/Dollar exchange rate with Taylor rule fundamexitéte 1 percent lewehen nflation and
either the HP filtered output gap the unemployment rai@nd at the 5 percent level when inflation and the
OECD estimated output gap,included in the forecasting regres$iéth hetengeneous coefficients, the
null hypothesis igectal at the Jercentevelfor inflation andall three real economic activity measures

The results in Table 3 also provide strong evidence of forecasting ability. Using the DMW test, the
random walk (equal MSPE) null hypothesis is rejected in favorl@riiaiee hypothesis of enftsample
forecasting ability of the symmetric model with homogeneous coefficients and no smoothing at the 1 percent
level with inflation and the HP filtered output gap, the 5 percent level with inflation and the unemployment
rate, and at the 10 percent level with inflation and the OECD outp&ogépe symmetric model with
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homogeneous coefficients and no smoothing, the null hypothesis is rejected at the 5 percent level for all three
real economic activity measures.

We illustate these results in Fig@revhich depicts actual and predicted Dollar/Euro exchange rate
changes for all six specifications of the symmetric model with no smoothing. Positive values represent
depreciation of the dollar while negative values reprpspt  ci at i on of the dol |l ar
represents the random walk (no change) forecast, periods for which the actual andglvexdicies] both
either positive or negative lower the MSPE ratio, while periods for which the actual andvpledscted
of opposite sign raise the MSPE ratlee predicted exchange rate changes display considerable variability,
although not as much as the actual changes. While the predicted changes do not pick up the-Blyarp quarter
quarter spikes of the actuwdlanges, they track the patterndoflar appreciation in 2000 and 2001,
depreciation in 2002 2004, appreciation in 2005, and depreciation in 2006 and 2007 found in the data.
Given the generally accepted view that exchange rates are unconnectetbagtinora fundamentals,
the figure provides strong collaboration of the statistical evidence that Taylor rule fundamentals can forecast
changes in the Dollar/Euro rate.

The results fothe symmetric specifications wititerest ratessmoothing areot asstrong.The
MSPE of the Taylor rule model is smaller than the MSPE of the random walk model, so that the ratio is less
than unity, for three out of six cad#bile the no predictability null can be rejected for all six specifications,
the significance lelis 1 percent fanemodé, 5 percent fofour models, and 10 percent for one model.

The evidence of forecasting abisitweakers percent for three models and 10 percent for two molels.
results for the asymmetric specificatidthout smoothingare somewhat weaker than fine symmetric
specification with smoothing/hile he MSPE ratio iggairless than unity for three of the six casekshe

no predictability null can be rejected for all six specifications, the significance %epelseiréor three
models and 10 percent for the three additional maddlgyvidence of forecasting ability can only be found
for three of the six specifications. The weakest results are found for the aswpewo#idation with
smoothing. The MSPE ratiogseater than unity for all six cases, eaiience of either predictability or
forecasting abilitgan be foundor only one specification at the 10 percent level.

It is clear from the results in Table 3 why the DMW statistic, but not the CW staiiiths, sat
Rogoff and Stavrakevads Wihahe ®MW statistict, therrandom wélkonull a g o
hypothesis is never rejected in favor of the alternative of forecast ability of the Taylor rule model at the 5
percent (or higher) level whitve MSPE of the Taylor rule model is larger than the MSPE of the random
walk model, so that the MSPE ratio is gréf@n unity. There are several rejections at the 10 percent level,
but these are for specifications with smoothing that contain sevgint additional estimated parameters.

With the DMW statistic, all rejections of the random walk null in favor of the alternative of predictability at

the 10 percent level are for specifications where the MSPE ratio is greater than unity, all réjections at t
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percent level are for specifications where the MSPE ratio is less than unity, and the rejections at the 5 percent
level are mixed.

Rogoff and Stavrakeva (2008) advocate using DMW tests with bootstrapped critical values to
evaluate forecasting abilityorder to evaluate the implications of this approach, we conducted simulations
to determine rejection frequencies usimgCr ac k en 6 s ( 2 0 Ohe datacandispecificatidns irv a | u e
Table 3where the series being forecasted wamanean mtngale difference proceasher than the first
difference of the log exchange r&er the symmetric model with homogeneous coefficients and no
smoothing, with three additional parameters, the rejection frequencies (averaged over the three real economic
activity measures) are 7.4, 3.7, and 0.8 percent for tests of nominal 10, 5, and 1 percent size. As additional
parameters are added, the rejection frequencies fall substdmsiallyes not, however, mean that it would
be preferable to use bootstrappetical values. Since the null hypothesis for the simulations is that the series
being forecasted is a random walk, not that the random walk and Taylor rule models produce forecasts with
equal MSPEs, the use of bootstrapped critical values is appfopriatestigating predictability, not
forecasting abilityVe experimented usirige same simulatisto calculate bootstrapped critical valkued,
the number of rejections increased substantially, particularly for the modédgéattnumber afddtional
parameters. These rejections, however, come entirely from specifications WMEIPE tradio is greater
than unity, which violates Rogoff and Stavrakeva
particular specification, it seemsprefeb | e t o use McCrackends asymptoti
evaluate forecasting ability than to use bootstrapped critical values.

We have presented evidence that, using symmetric specifications that do not include the real
exchange rate in thHerecasting regression, the random walk (no predictability) null hypothesis can be
consistently rejected in favor of the alternative hypothesisobfsample predictabilignd the equal MSPE
hypothesis can be consistently rejected in favor of tiatalehypothesis of eaf-sample forecast ability
for the Euro/Dollar exchange rate with Taylor rule fundamentals. Since the specifications include inflation
and either the HP filtered output gap, the OECD estimated output gap, or the unemploymethierate i
forecasting regression, it is not cleawever, whetherdhsource of the rejections comes from inflation, a
measure of real economic activity, or both.

This question is addressed in T4lg reporting Cvénd DMWstatistics when either inflationa
measure of real economic activity, instead of both, is included in the forecasting regressions. For the
symmetric specifications without smoothing, the random walk (no predictability) null can be rejected in favor
of the alternative at the 1 percevel with the unemployment rate and at the 5 pdesetifor the HP
filtered output gap, the OECD output gap estimaten8ationwith both homogeneous and heterogeneous
coefficients. Because the null can be rejected when either inflation or angealf économic activity
measures are included in the forecasting regression, this constitutes evideofegaofifgatexchange rate
predictability from a specification with Taylor rule fundamentals rather thaifieatspe that is solely
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focused on ither inflation or real activitfhe evidence of forecast ability is also strong, with the equal
MSPE null rejected at the 1 percent level for two of the three real economic activity measures and at the 5
percent level for the additional economic actim#ggsure and inflation with both homogeneous and
heterogeneous coefficiems with the specifications that include both variables, the evidemui of
predictabilityand forecast abilitweakens with symmietrspecifications with smoothiagd asymmetd
specificatiomwithout smoothing, and disappears asymmetric specificatimith smoothing4

The next topic that avwed cofneri edtarevised ddmipMhiketane &c t a b i
subscribe to the view that, because revised datatwasaitable to market participants at the time forecasts
were made, only raahe data should be used to evaluate predictabdifyprecast abiljitthe use of revised
data is so ubiquitous in the -oitsample literature that we choosexamindt. The results with revised
data are reported in TalleFor the symmetric specificatiavithout smoothingthe evidence of oatf-
sample exchange rate predictabiligssthamwith realtime datan four out of six cases and equal to that
with realtime data for the two additional specificatidist the same specifications, the evidence of
forecadhgability is less with revised data than witktinealdata for all six cas€helargestlecrease in the
evidence oboth predictabilityand forecastingbilityoccurwhen inflation and the OECD estimated output
gap are included. This is consistent with the visual evidence in Figure 1 that the differences between the
revised and retime data are larger for the OECD estimated output gap than for théheitH® filtered
output gap or the unemployment rais. with reatime data, the evidence of both predictalzlig
forecasting abilitydeclineswith the symmetric specifications with smoothing and the asymmetric
specifications without smoothiagd dsappears entirely with the asymmetric specifications with smoothing.

It is often argued that forwalmbking monetary policy rules provide a superior description of
centr al banksd behavior than rul es biigsOeptanides t he
(2001, 2003), most of this literature uses Greenbook forecasts for the U.S. Since Greenbook forecasts are not
publicly available past 2002 and there is no equivalent for the EGB S forecasts for both. Teets
of results are depictén Table6. In the first three rowsf each pangthespecifications from Table 3 are
replicatedwith the current inflation rate replaced by forecasted inflation four quartes Aredithd
evidence that outf-sample exchange rate predictability psowed by using forecasted rather than actual
inflation. For the most successful specification, the symmetric wititmit smoothingthe MSPE ratio
declines with forecasted inflation in four out of six cases, rises in one, and is virtually unchanged in t

remaining case. The evidence of both predictability and forecasting ability is stronger with forecasted inflation

241f the random walk null was not rejected with either inflation or the real economic activity measures, that would also
haveconstituted evidence of predictaliftiyecast abilitywith Taylor rule fundamentals. If, however, the null was
rejected for either inflation or the real activity measures, but not both, that would not have been evidence of
predictabilitifforecast abilityvith Taylor rule fundamentals.

25 Given theonequarter lag in data releases, we use forecasts of inflation made tinvjieritada through peridél

for periodt+3.
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than with realized inflatioithe bottom two rows of each panel report specifications with both forecasted
inflation and fouguarteraheadOECD output gap and unemployment rate forecasts. These specifications
depict the strongest results in the paper. Again focusing on the most successful specification, the symmetric
model without smoothing, the four MSPE ratios constitute four of theviiest Iratios in Table®. (The
lowest ratio, also in Table 6, is with the unemployment rate for the specification with homogeneous
coefficients.) For thedeur specifications, the random walk null hypothesis can be rejefdedr of
predictabilityusing the CW statistic and forecasdiniity using the DMW statistic at the 1 percent level. As
with realized data in Table 3, the evidence of both predictability and forecasting ability declines with the
symmetric specifications with smoothing and asyemmetric specifications without smoothing, and
disappears almost entirely with the asymmetric specifications with smoothing.

The results with forecasted inflation are illustrated in Bigwm@ch depicts actual and predicted
Dollar/Euro exchange raténanges for th&0 specifications of the symmetric model with no smoothing.
Panels A C use inflation forecasts and realized measures or real economic activity, whilé Bamsds D
forecasted inflation and either unemployment rate or OECD outputeeasfehs i n Fi gure 3, t
line represents the random walk (no change) forecast, periods for which the actual and predicted values are
both either positive or negative lower the MSPE ratio, and periods for which the actual and predicted values
areof opposite sign raise the MSPE ratio. The predicted exchange rate changes with forecasted coefficients
display considerable variability, although again not as much as the actual changes, and generally track the
initial appreciation and subsequent defieciaf the dollar against the euro.
5.2 Testing for Superior Predictive Ability

Since we are testing simultaneobsiyotheses that involve 24 different alternative models,
conventional yvalues can be misleading. As a result of extensive specHieatidn we may mistake
significant results generated by chance for genuine evidence of predictive ability. To address the issue of
multiple hypothesis testing, we perform the test of superior predictive ability (SPA) proposed by Hansen
(2005)The SPA tess designed to compare the-ofssample performance of a benchmark model to that of
a set of alternatives. This approach is a modification of the reality check for data snooping developed by
White (2000). The advantages of the SPA test are that iteipoma@rful and less sensitive to the
introduction of poor and irrelevant alternatives.

We are interested in comparing theobstample performance of linear exchange rate models to a
naive random walk benchmark. The SPA test can be used for comparirnigftsample performance of

two or more models. It tests the composite null hypothesis that the benchmark model is not inferior to any of

% Hansen (2005) provides details on the construction of the test statistic and tmnfidvantages of the test by
Monte Carlo simulationd/e use the publicly available software patkdg€OM to construct th&PAconsistent p
values for each countryThe code, detaileddocumentation and examples can eb found at
http://www.hha.dk/~alurde/mulcom mulcom.htm
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the alternatives against the alternative that at least one of the linear economic models has superior predictive
ability. In the context of using the CW statistic to evaluate#-eample predictability, the null hypothesis is

that the random walk has an MSE which is smaller than or equal tosthe@dju MSEG6s of t he | |
as described by the last term imdmpn (9)Therefore, rejecting the null indicates that at least one linear

model is strictly superior to the random walk. SP&luyes take into account the search over models that
preceded the selection of the model being compared to the benchmarlp-valle suggests that the
benchmark model is inferior to at least one of the competing models. Adligh ipdicates that the data

analyzed do not provide strong evidence that the benchmark is outpétformed.

Table7 reportsSPAp-values for nine setd forecasts based on symmetric and asymmetric Taylor
rule specifications that are compared to a random walk forbeafitst four rows of Tabl@ have three
measures of economic activities as alternatives. The next four rows reperal8&Awith &arger set of
alternatives for the symmetric and asymmetric Taylor rule specificatgmstalisécest the random walk
benchmark against six alternatives. For exampl e,
for the threeeconomic aatity measurest he ni nt h r aw, denoted oall o6, t e
against 12 alternatives: homogenous with smoothing, homogenous with no smoothing, heterogeneous with
smoothing, and heterogeneous with no smoothing for the three measuresrof ectiniy.

The SPA pralues strongly confirm the results in Tallery symmetric specification is significant
at the 5 percent level and no asymmetric specification is significant at the saiwitHevehe class of
symmetric specificationsetpvalues are lower for the homogeneous and no smoothing specifications than
for the heterogeneous and smoothing specifications and, not surprisingly, are lowest for the homogeneous
specifications without smoothing.

We concludehis sectiorby contributig to the debate over whether the policies followed by the
Bundesbank during the EMS are a good predictor of the policies followed by the ECB. While we do not
estimate policy rules and cannot answer the question directly, we can ask whether the Taylor rule
specifications using rdiahe data that were successful in providing evidence-affsaumple predictability
for the Dollar/Mark exchange rate continue to be successful for the Dollar/Eurm fsktelodtsova,
NikolskaRzhevskyy, and Papell (2008), mebthie strongest evidence of predictability for the Dollar/Mark
rate with heterogeneous coefficients, no smoothing, and an asymmetric specification with the real exchange
rate in the forecasting regression. For the Dollar/Euro rate in this paper, ifitatspecoes not provide
any evidence of predictability when the results for all three measures of real economic activity are jointly
evaluated. More generally, predictability for the Dollar/Mark exchange rate is only achieved with a
heterogeneous andyamsnetric specification while predictability for the Dollar/Euro exchange rate is

27\We cannot use the SPA test to evaluate forecasting ability because the critical values for the DMW tests are not based
on a standard normal distribution.
28 For two of the nine specifications, the null can be rejected at the 10 lperien
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stronger with a homogeneous and symmetric specification, with the latter more important than the former.
These results are consistent with the view that, like the FedkeuthenBundesbank, the ECB does not put

much weight on the exchange rate when setting interest rates.

5.31s Bad News About Inflation Good News for theForecastedExchange Rate?

The final topic that we consider is to explore what we are forecastinge\iinelnevidence of cut
of-sample exchange rate predictability. In Fiuse depict the dynamics of the coefficients on inflation
and real economic activity differentials for the symmetric model with homegmeficients and no
smoothing which, aseskcribed in Tablé has the lowestyalues among all specificatiosgg the CW
statisticAs reported in Tablg it produces significant evidence of predictability when inflation and either the
HP filtered output gap or the unemployment rate ar@dutia the forecasting regression at the 1 percent
level and when inflation and the OECD estimated output gap are included at the 5 percent level.

The coefficients on the inflation differentials, reported in Figateng with90% confidence
intervalbards, are virtually always negative and consistently significantly different from zero for all three
measures of real economic activity. Since the inflation differential equals U.S. inflation minus Euro Area
inflation and the exchange rate is dollars per @megative coefficient means that when U.S. inflation rises
relative to Euro Area inflation, eaftsample exchange rate predictability is achieved by forecasting dollar
appreciation. This is consistent with the argument of Clarid&addichan (2008)a t Obad news a
inflation is good news for the exchange ratedé for
longrun PPP to forecast exchange rates, in which case an increase in U.S. inflation relative to Euro Area
inflation would éad to forecasted dollar depreciation rather than appreciation. While there are many
differences between the two studiethey consider multiple currencies while we examine only the
Dollar/Euro rate, they use an event study methodology with a very isdor while we utilize a longer
onequartera head hori zon, they define Onewsd as unexpe
inflation differentials, and they examine the impact of inflation news on realized exchange rate changes while
we examinene effect of inflation on forecasted exchange rate cléawge®inforce their findings using a
very different methodology.

Figure5 also depicts the coefficients on the thest economic activity differentials in the same
forecasting regressions. Thefficients on the output gap differentials are negative starting in 2001:Q3 and
the coefficients on the unemployment differentials are positive starting in 2002:Q1, and generally are
significant between 2003 and 2007. Since the output gap representeritegp by which output exceeds
potential, a positive relative output gap differe
the U.S. and a positive unempl Wegménnddi hher égoodl
outputor unemployment is good news for thkecaste x change rate. 6 The negat.i

U.S. output gap relative to the Euro Area output gap reflect forecasted dollar appreciation while the positive
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coefficients on U.S. unemployment relative two EArea unemployment reflect forecasted dollar
depreciation.
6. Conclusions

It has become standard practice fonatary policyvaluation of the Fed and ECB todmmducted
via somevariant of a Taylor rule where the slemn nominal interest ratespends to inflation and
measure of real economic act®itWhile nobody suggests that either the Fed or the ECB follows a
mechanical rule and there is much disagreement over the coefficients and variables that enter the rule that
best describdhkeir bdavior, even a cursory reading of FOMC press releases and the ECB Monthly Bulletin
makes it clear why Taylor rules have become so ubiqiitoiiss i s ¢l ear from both t
and the concern by the Governing Council of the ECB with reafrec@mbivity as well as price stability.

I n this paper, we analyze whet her t-fatesetingr i abl e
rules, which we call Taylor rule fundamerdats provide evidence of aaftsample predictabilipndor
forecasting abilitpf the Dollar/Euro exchange rate. We usetime@ data that was available to market
participants at the point that their exchange rate forecasts were conducted and are careful to distinguish
between predictability and forecasting.

The méor result of thepaper is that the null hypothesd no predictabiliigo forecasting ability
can be rejectedgainst the alternative hypotkesé predictabilitforecasting abilitywith Taylor rule
fundamentals for a wide variety of specificationsthadle inflation and a measure of real economic activity
in the forecasting regresside strolgest evidence comes from the simplest specifications that closely
resemble the original Taylor rule, where the interest rates set by the Fed and theoftCBnhesp
inflation and a measure of real economic activity. The results are strengthened when either inflation or
inflation and real economic activity forecasts, rather then realized values, are included in the forecasting
regression, and are robustwthether the coefficients in the two Taylor rules are homogeneous or
heterogeneous. The evidence is stronger witinrealata than with revised d&ad news about inflation
and good news about real economic achwitly lead to oubf-sample predictdity through forecasted
exchange rate appreciation.

Meese and Rogoff (1983) compare th@fesample forecast accuracy of the random walk model to
various structural and time series exchange rate models for three bilateral andveighteatlexchange
rate, and find that the random walk model performs as well as any estimated model. While recent work using
the CW statistic has reported rejections of the random walk null against various alternatives, Rogoff and
Stavrakeva (2008) argue that these resulstute (using our terminology) evidence of predictability, but
not evidence of forecasting abiMghile we do not claim any generality for our results, we have shown that,
using what is arguably the most important exchange rate of theitstemtytury, the U.S. Dollar/Euro

29 The actions of the Fed in response to the 2008 financial crisis once the zero bound on nominal im&®st rates
approached clearly an exception to this statemhrith is why we did not extend our sample past 2007.
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rate, models with Taylor rule fundamentils reaitime datahat only include inflation and a measure of
real economic activity eperform the random walk model using-aftdample tests of both predictability

and forecastg abilityThe result that the model with Taylor rule fundamentals outperforms the random walk
model outof-sample hollwhetherthe metric is comparison of tMSPEsbetween the two models, as in
Meese and Rogoff (1983), or rejection of the random wlhlkynthe DMW test, as in Rogoff and
Stavrakeva (2008).
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