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Abstract
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ingfuturespricemovementsacrosscontractmaturities.Ourresultsindicatethatit
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Non-technicalSummary
ResearchQuestion
Whatroledoescommunicationaboutthenearfuturecourseofmonetarypolicyplay
forthebusinesscycle?Howimportantisitrelativetosurprisemonetarypolicyactions?
Andistheeffectofcommunicationdrivenbyrevealinginternalcentral-bankinformation
(forecasts)orbyhintingatfuturepolicydecisions?Inasamplefrom1994to2008for
theU.S.,weempiricallyinvestigatethesequestions,usinghigh-frequencymovements
infederalfundsfuturesdatatodistinguishmonetary-policyactionandcommunication
shocks.
Contribution
Federalfundsfutures,i.e.betsontheprospectivevalueoftheFederalReserve(Fed)
mainpolicyrate,reflectthemarketexpectationsoffutureU.S.monetarypolicy.Changes
inthesefuturesduringsmalltimewindowsaroundpressconferencesannouncingpolicy-
ratechangescanbeusedtoidentifymarketsurprisesbytheFed,or“monetarypolicy
shocks”.Weproposeanoveldecompositionofmovementsinfuturesratesacrossdiffer-
entmaturities,whichhelpsustodistinguishsurprisemonetarypolicyactionsannounced
today(unanticipatedchangesinthefederalfundsrate)fromsurprisecommunication
aboutthenear-futurecourseofmonetarypolicy(anythingthatchangesmarketexpec-
tationsaboutlatermaturitiesandisunrelatedtotheactioncomponent).Weregressour
shockmeasuresoninternalFedforecaststoremovetheinformation-revelationcompo-
nent.Inastructuralvector-autoregressionframework,weinvestigatetheeffectsofboth
shocksonmacrovariables.Anextensionusinganothertypeoffuturescontract,namely
Eurodollarfutures,allowsustoexaminealsoasampleuntil2018,coveringtherecent
zero-lowerboundepisode.
Results
Onlythecommunicationcomponentofmonetarypolicyshocksleadstothe(signifi-
cant)expectedreactionofindustrialproduction,whiletheactioncomponentdoesnot.
Moreover,thereactionofinflationtotheactionshockshowsthecounter-intuitiveprice
puzzle,whileitdoesnotforthecommunicationshock.Thesefindingsarerobusttovari-
ousdifferentspecifications.Moreover,thecommunicationcomponentexplainsalarger
shareofvariationinindustrialproductionandisinlinewithhistoricalchangesintheU.S.
monetarypolicystance.WearguethatthecommunicationcomponentofU.S.monetary
policyhasbeenandisstillhighlyimportantforthetransmissionofFedpolicies,bothbe-
foreandafter2008.



1 Introduction
Thequestionofhowacentralbankshouldcommunicatewiththepublichasconfronted
policymakersfordecades.Therehasbeenageneraltendencytowardstransparency
andclarityovertheyears.1Infact,afteraroundtheyear2000communicationhasbeen
(re-)discoveredasatoolforcentralbankpolicy(foranoverviewpriortothefinancial
crisis,seeBlinderetal.,2008).Recently,forwardguidancehasbeenemployedfirstto
overcomethezero-lowerboundandthentopreparetheexitfromotherunconventional
monetarypolicies.Inthispaper,weusefederalfundsfuturesdatatoinvestigatetheef-
fectsofFederalReserve(Fed)communicationontheU.S.businesscycleanddocument
itspowerfulrolebothbeforeandafter2008.Infact,wefindthatsurprisecommunica-
tionisamoreimportantdriverofmacrovariablesthansurpriseratechangesthemselves.

Todistinguishmonetary-policyactionfromcommunicationshocks,weusearecur-
siveidentificationschemeonfuturespricemovementsonFOMCmeetingdays,exploit-
ingtheinstitutionalset-upofFOMCconferencespost-1994.Thusweidentifycommu-
nicationshocksthathaveaclearstructuralinterpretation,withoutresortingtofactor
analysis.Inparticular,wecanexactlypinpointthedateforwhichthecommunication
changesexpectations,whichisthenextFOMCmeeting.Wecontributetothedebate
oninformationrevelationbytheFederalReservebyseparatingtheeffectofcommu-
nicationfrompotentialtransmissionofinternalFedforecasts.Ingeneral,wefindthat
central-bankcommunicationisastrongdriveroftheUSbusinesscycle.

Ourfindingregardingtheimportanceofcentral-bankcommunicationisinthespirit
ofGürkaynaketal.(2005,GSSinthefollowing).Theauthorsalsostudyfuturesprice
movementsonannouncementdaysandshowthata“pathfactor”(orthogonaltomove-
mentsinthefederalfundsfuturesfortheconcurrentmonthandinterpretedascentral-
bankcommunication)haslargereffectsonassetpricesthana“targetfactor”(interpreted
assurpriseaction).However,ourcommunicationshocksaremorepreciselydefinedthan
factors,inthesensethattheypertaintogivendatesinthefutureandlendthemselves
tobeusedasshocksinaparsimoniousSVARspecificationoftheRomerandRomer
(2004)type.Moreover,weextendthemulti-dimensionalanalysisofmonetarypolicy
shocksofGSStomacrovariables,whileauthorssuchasFaustetal.(2004),Thapar
(2008),BarakchianandCrowe(2013)andGertlerandKaradi(2015)investigatetheef-
fectofonlyasinglemonetarypolicyshockonmacroaggregates.2Similarly,Nakamura

1Thisshiftcanbeseeninthechangingself-perceptionofFedchairmen,fromAlanGreenspan,whoin1987famouslynoted“Sincebecomingacentralbanker,Ihavelearnedtomumblewithgreatincoherence.IfIseemundulycleartoyou,youmusthavemisunderstoodwhatIsaid”(speakingtoaSenateCommitteein1987,asquotedintheGuardianWeekly,November4,2005)toBenBernanke,whoin2013declared“Nearlyeightyearsago,whenIbeganmytimeasChairman,oneofmyprioritieswastomaketheFederalReservemoretransparent—and,inparticular,tomakemonetarypolicyastransparentandopenasrea-sonablypossible”(seehttps://www.federalreserve.gov/newsevents/speech/bernanke20131119a.htm).2Outofthesepapers,onlyGertlerandKaradi(2015)useanexternal-instrumentsapproach,inordertosafeguardagainstsimultaneityinahigh-frequencyVARincludingbothamonetarypolicyshockmeasure
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andSteinsson(2018)alsostudyjustonefactoroffuturesmovements,howevertheyuse
asmallstructuralmodeltodistinguishtwocounteractingeffectsofFOMCannounce-
ments:Inresponsetoasurprisetighteningofrates(forexample),marketscouldinfer
thattheFedforecastsstrongergrowththantheyexpected.Theauthorsfindthis(ex-
pansionary)Fed“information”effectonthenaturalinterestratetobeinfactlargerthan
the(tightening)increaseinrealratesoverthenaturalrate.Weshowthatourcommu-
nicationshocksarenotdrivenbythisinformationeffect:Whenweorthogonaliseour
shockswithrespecttointernalFed(Greenbook)forecasts,thecommunicationshock
stillyieldsthemacroreactionstypicallyassociatedwithmonetarypolicyshocks,while
theactionshockdoesnot.Moreover,ourfutures-basedcommunicationshocksexplain
alargershareofvarianceinproductionandcanbemoreeasilyalignedwithhistorical
narrativesofFedpolicy.Wethusarguethatmonetarypolicyshocksfromthehigh-
frequencyliteraturederivetheirpowerovermacrovariablesfromthecommunication
componentmuchmorethanfromtheactioncomponent.

Ouranalysisisbasedonfederalfundsfutures,whichhavebeenwidelyusedtoex-
aminetheeffectsofchangesinmonetarypolicyratesonfinancialandmacroeconomic
variables.3Giventhattheavailablefuturesmaturitiesspanthedatesofseveralfuture
policymeetings,wecanusedifferencesinfuturespricereactionstopolicystatements
acrossthematurityspectrumtodiscernchangesinmarketexpectationsaboutfuture
monetarypolicymoves.Specifically,weemployalineardecompositionoffuturesprice
movementsonFOMCmeetingdaysincombinationwithaninstitutionalarrangement:
Since1994,theFOMChaspublisheditsmeetingdayswellinadvance,sothatmarket
participantsknowtheearliestpossibledatewhenfuturepolicyactionscanbetaken.
Wecanthereforetransformthemovementsinthevariousmaturitiesofmonthlyfed-
eralfundsfundsrates(reflectinganticipatedaveragetargetratesinfuturemonths)into
movementsinanticipatedratesbeforeandafterthenextFOMCmeeting.

Inasecondstep,wedecomposethesemovementsintoactionandcommunication
shocks.Sincechangesinthetargetratetendtopersist,surpriseratechangestodayaf-
fectratesacrossthewholespectrumofavailablematuritiesinthesamedirection.How-
ever,additionalinformationaboutpotentialpolicychangesinfuturemeetings(“surprise
communication”)shouldnotaffectthefuturesratesofmaturitiesthatexpirebeforethat
date.Wearethereforeabletoemployasimpleyetcrediblerecursiveschemetoorthog-
onalisemonetarypolicy“actionshocks”(surprisesabouttheactualtargetratedecision
announcedatanFOMCmeeting)frommonetarypolicy“communicationshocks”(any-
andcreditcosts.However,theauthorsnotethatwhennofurtherfinancialvariablesareconsidered,arecursiveVARsuchasoursisappropriateforananalysisofmonetarypolicyshocks.3Thisso-called“high-frequencyidentification”literaturegoesbacktoRudebusch(1998),Kuttner(2001),andSöderström(2001).Ingeneral,weexpectinterestbyeconomicresearchersinthefederalfundsfuturesmarkettoincreaseinthenearfuture,asthetimeseriesavailableaftertheendofthezero-lowerboundepisodewillsoonbesufficientlylongforanalysis.
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thingthatchangesmarketexpectationsaboutpotentialtargetratedecisionstakenat
futureFOMCmeetingsduringthecurrentmeeting).4Infact,ourapproachissimilarto
theoneinGürkaynak(2005),whoidentifies“timing”,“level”and“slope”surprisesby
orthogonalisingmovementsinindividualfuturesmaturities.Inourrobustnesssection,
weshowthatincorporatingextrainformationfrommonthsinwhichnomeetingtook
place,aswedo,leadstoasharperandlessnoisyquantificationofactionandcommu-
nicationshocks.Also,likeGSS,Gürkaynak(2005)doesnotinvestigatetheeffectson
macrovariables.5

BarakchianandCrowe(2013)rightlypointtotheincreasinglyforward-lookingna-
tureofmonetarypolicy,insofarastheFedreliesmoreheavilyonforecastingwhende-
signingpolicy:Afterthe1980s,policyratesreactcontemporaneouslyto,orevenbefore,
changesineconomicactivity(forasimilarargument,seeCochraneandPiazzesi,2002).
However,wearguethatthereisalsoanimportantreverseanticipationeffect:Iffinancial
marketsaresimilarlyforward-lookingintheirjudgmentofFOMCcommunication,and
giventhatFedcommunicationhasbecomemoredetailedaboutitsfuturepolicycourse,
marketsshouldreacttoannouncementsinawaythatisreflectedsystematicallyover
thespectrumoffederalfundfuturematurities.Infact,whenexplicitlydistinguishing
betweenactionandcommunicationshocks,wefindonlythelattertocausethemove-
mentsinmacroaggregatesusuallyexpectedfroma“monetarypolicyshock”.

Wealsoshowthatourmonetarypolicycommunicationshocksremainmeaningful
whencontrollingforpotentialinformationtransmissionbytheFedonFOMCmeeting
days.6CommunicationshocksorthogonaltointernalFed(“Greenbook”)forecastscre-
atecontractionsofindustrialproductionwhicharelargerandmoresignificantthanfor
actionshocks.7Moreover,central-bankcommunicationexplainsalargershareofvari-
ationinindustrialproductionandcanbemoreeasilyalignedwithnarrativesaboutthe
monetarypolicystanceoveroursample.Thesefindingsarerobusttoavarietyofspec-

4Notethattheseshocksrepresentchangesinexpectationsthatmayormaynotbeaccurateexpost(i.e.,ourshocksrepresentcombinationsofnewsandnoiseshocks).5Moreover,whileGertlerandKaradi(2015)rejecttheGSSshocksasweakinstrumentsintheiranalysis,weareabletoshowtheimportanceofcommunicationusingadifferentmethodology.6RomerandRomer(2000)arethefirsttoshowthattheFedtransmitsimportantinternalinforma-tionduringFOMCmeetings.RomerandRomer(2004)controlforsuchinformationusingtheinternalFedGreenbookforecasts,andThapar(2008)introducesthisapproachtothehigh-frequencyliterature.Miranda-Agrippino(2016)showsthatcontrollingfortheinformationeffectbyorthogonalisinghigh-frequencychangestoGreenbookforecastsmatters,asonlytheorthogonalisedchangesyieldsintuitiveresultsinaninstrumental-variableVARonmonetarypolicyeffects.Miranda-AgrippinoandRicco(2017)adjusttheinstrumentinGertlerandKaradi(2015)toaccountforautocorrelationandcentral-bankinfor-mationrevelation(againviaGreenbookforecasts).7JarocinskiandKaradi(2018)distinguishmonetary-policyactionandinformationshocksfortheeuroareaandU.S.bytheirdifferenthigh-frequencyeffectsoninterestratesandstockprices.Kerssenfischer(2018)showsthatsuchanidentificationschemesolvesseveralpuzzlingresponsesfortheeuroarea.BenZeevetal.(2017)identify“monetarypolicynewsshocks”asintheTFPliterature,butdonotdis-tinguishbetweeninformationrevelationandcommunication.Whiletheseauthorsdonotdistinguishbe-tweencentral-bankinformationornewsshocksandcommunication,weidentifycommunicationshocksorthogonaltoinformationrevelation.
3



ifications.Wearguethatoverandaboveinformationrevelation,communicationabout
thenear-futurecourseofmonetarypolicymatters,asmarketsupdatetheirexpectations
aboutthefutureFedactions.
Relationtoforwardguidance. Sinceourbaselinesamplerunsfrom1994to2008,
weanalysecommunicationshocksduringtimesofconventionalmonetarypolicy.Inan
extension,wealsocoverthezero-lowerbound(ZLB)periodusingEurodollarfutures,
whichareavailableatlongermaturitiesthanthefederalfundsfutures.Importantly,the
contractsremainsufficientlyliquidforanalysisduringtheperiod1994to2018,which
capturestheepisodeofforwardguidancefrom2012to2015.InourEurodollaranaly-
sis,wefindnosignificanteffectsofcommunicationonIP,butreportastabilisingeffect
oninflation,particularlyatlongerhorizons.8Campbelletal.(2012)distinguishbetween
“Delphic”forwardguidance,ortransmissionofprivatecentral-bankinformation,and
“Odyssean”forwardguidance,whichrepresentsexplicitcommitmentstoafuturepolicy
course.9ToisolatetheOdysseancomponentofourshocksbasedonEurodollarfutures,
weagaincontrolforcentral-bankinformation(theGreenbookforecasts).Resultsre-
mainessentiallyunchanged,whichwetakeastentativeevidencethattheeffectiveness
ofcommunicationupto2018stemsmorefromitsOdysseanthanDelphiccomponent.
ThiscontraststofindingsinLakdawala(2016),whousesaproxySVARwiththetwo
GSSshockstodistinguishbetweenfederalfundsrateandforwardguidanceshocks,and
findsanexpansionaryeffectforcontractionaryforwardguidance,whichisrenderedin-
significantwhencontrollingfortheFedinformationset.10Finally,Swanson(2017)uses
afactoranalysissimilartoGSStodistinguishbetweentheeffectsofsurprisesinfederal
fundsratechanges,forwardguidanceandLSAPonassetprices,andclearlyshowsthe
importanceofmonetarypolicycommunicationforassetpricesduringtheZLBepisode.
Similarly,ourEurodollarresultsforasampleuntil2018underlineourkeymessagethat
central-bankcommunicationhasimportantmacroeconomiceffects.

8Thisstrongeffectoninflation,whichincreasesinthehorizonofcommunication,isinlinewiththepredictionsofDSGEmodelsasstudiedbyDelNegroetal.(2016),McKayetal.(2016)andBundickandSmith(2016).9AndradeandFerroni(2016)differentiateDelphicandOdysseanforwardguidancefortheeuroareaasfollows:Forahigh-frequencyincreaseinthetermstructure(measuredbyovernight-indexswaps),in-flationexpectations(measuredbyinflation-linkedswaps)willincreaseforDelphic,butfallforOdysseanforwardguidance.SeealsoHansenandMcMahon(2016)foracomplementaryapproachusingcomputa-tionallinguisticstodistinguishFOMCcommunicationregardingcurrenteconomicconditionsandforwardguidance.Leombronietal.(2017)distinguishbetweenrateandcommunicationshocksintheeuroareausingthefactthatthetargetratedecisionisgivensometimebeforetheensuingpressconferencestarts.Theyalsofindstrongereffectsofcommunicationthanofactionshocksonassetprices.10Thedifferencetoourresultsmightbeexplainedbytheshorterhorizonofourcommunicationshocks(withinsixmonthsinsteadofoneyear),orbythewaytheexternalinstrumentsapproachincludesdatafromearlierperiods(backto1979).
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2 Methodology
Thissectionintroducesourdata,andoutlineshowweobtainchangesinanticipatedpol-
icyratesfromchangesinthepriceoffuturescontractsdefinedovercalendarmonths.
WethenpresentaCholeskydecompositionthatdeliversidentificationofboththemonetary-
policyactionandcommunicationshock.Finally,weexplainhowweincorporateour
shocksintoastructuralVARmodelinordertoexaminetheireffectonmacroeconomic
variables.

2.1 FederalFundsFutures
Federalfundsfuturescontractsallowmarketparticipantstoplaceabetinmonthtonthe
averageeffectivefederalfundsrateduringtheconcurrentorfuturemonths,denoted
bȳrt+m,withm ≥ 0.Abuyerofthecontractondayd inmonthtcancommittoborrow
federalfundsatafixedrateattheendofthemontht +m,andwedenotethisfutures
ratebyf (m)

d,t .Undertheassumptionofefficientmarkets,wehavethatf (m)
d,t reflectsthe

marketexpectationsoftheaveragefundsratērt+m.Assumingaconstantriskpremium
duringtheFOMCmeetingday,thepolicysurprisecanbecomputedasthedifference
inthefuturesrateattheendoftheFOMCmeetingdayfromthatattheendofthe
previousday(includingastandardcorrectionforthedaysofthecurrentmonth,see
AppendixAfordetails):

∆f
(m)
d,t ≡ f

(m)
d,t − f

(m)
d−1,t = ∆Ed,t[r̄t+m], ∀m ≥ 0.

WeusedailychangesinfuturesratesaroundFOMCdatesforthematuritiesm ∈
{0, 5},i.e.fromthosefuturesrelatedtotheaveragefederalfundsratevalidinthecon-
currentmonthtofivemonthsintothefuture.Thesecontractsaresufficientlyliquidfor
analysisoveroursample(seeBarakchianandCrowe,2013,BCinthefollowing,p.959).
TheuseofthesefutureslimitsoursampletotheperiodbeforetheZLB,sincetradingin
theshortermaturitycontractseffectivelyceasedattheonsetofthisperiod.11Notethat
GSSfindthatusingintradayordailydatamakesvirtuallynodifferenceafter1994.12

11Ourshortbaselinesamplereduces,however,thelikelihoodofstructuralbreaksinthetransmissionofmonetarypolicy(seee.g.BoivinandGiannoni,2006,andD’AmicoandFarka,2011).12“[F]orsamplesthatexcludeemploymentreportdates,orsamplesthatbeginin1994,thesurprisecomponentofmonetarypolicyannouncementscanbemeasuredverywellusingjustdailydata.”(GSS,p.66).NakamuraandSteinsson(2018)arguefortheuseofshortertimewindows,buttheyemploylonger-terminterestratesandasamplethatcoversmorelong-termforwardguidance.
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2.2 FromFuturesRateChangestoExpectedPolicyRateChanges
Thefederalfundsfuturespricesgiveuschangesinmarketexpectationsaboutpolicy
ratesduringFOMCmeetingdays.Toanalysesurprisesregardingcurrentmonetarypol-
icyactionsandcommunicationaboutfutureratedecisions,wefirstneedtoextractthe
correspondingchangesinmarketexpectationsofaveragerateswithintwointervals:
betweenthecurrentandthenextFOMCmeeting,andafterthenextmeeting.

Thefuturesmaturitiesaredefinedovercalendarmonths,whilemeetingdaysareun-
evenlyspreadoutacrossthematurityspectrum.13Weobservesixfederalfundsfutures
ratemovementsobservedonFOMCmeetingdays(referredtoas“jumps”inthefollow-
ing).Althoughthesesixjumpsspanthenextfivemonthsintothefuture(andtherefore
atleastthreefuturemeetings),thefuturescontractscannotrepresentsixindividualpol-
icysurprises,sincemonetarypolicycanchangeatmostanotherthreetimes.Toobtain
averageratesexpectedbythemarketsbetweenmeetingdates,weemployalinearex-
tractionmethod.SimilarmethodsareusedinGSSandGürkaynak(2005),howeverwe
addaniterativeweightedaveragingproceduretoreducenoiseanduseallavailablein-
formation.

Figure1:IllustrationoftheConversionof∆f (m)
d,t to∆ρjd,t

tMay Jun Jul Aug Sep Oct Nov
17th 6th 16th 27th

∆f
∗(0)
d,t ∆f

(1)
d,t ∆f

(2)
d,t ∆f

(3)
d,t ∆f

(4)
d,t ∆f

(5)
d,t

∆ρ0d,t ∆ρ1d,t

Notes:ThetimelineshowsthemonthsMaytoNovember1994,aslabelledbelowtheaxis.AbovetheaxisarethedaysofFOMCmeetings.MonthswithoutFOMCmeetingsaremarkedbyathick
line.Thejumpsinthemonthlyfuturesrates,∆f

(m)
d,t ,areindicatedbelowtheaxis,aboveitare

thejumpsinexpectedfederalfundsratesbetweenmeetings,∆ρjd,t.

Let∆ρ0d,t denotethechangeintheexpectedpolicyratebetweenthecurrentand
nextFOMCmeeting,and∆ρ1d,t thechangeintheexpectedrateafterthenextmeet-
ing.14Figure1illustratesthetimingwithanexample:theFOMCmeetingtakingplace

13FOMCmeetingstakeplaceroughlyeverysixweeks,usuallyinlateJanuary,April,JulyandOctoberandmidMarch,June,SeptemberandDecember.ThemeetingsforlateJulyandOctoberoftentakeplaceinearlyAugustandNovemberinstead.14Wecouldpotentiallyalsocreatemeasuresofexpectationchangesforpolicyratesbetweenthenextmeetingandtheoneafterthat.Experimentationshowedthattheresultsforthesecondcommunicationshockdidnotdepictameaningfulpattern,inlinewiththeGSSfindingthattwofactorsareenoughtocapturethedynamicsinthesixfuturesmaturities.
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onMay17th,1994,andthethreemeetingsthatfollowed(onJuly6th,August16thand
September27th).Thefiguredisplaysthefivefuturecalendarmonthsandthejumpsin
thefuturesrateforeachmonth.

Ouraimhereistoobtainthechangeinmarketexpectationsonpolicyratesvalid
betweenFOMCmeetings,∆ρjd,t,fromchangesinfuturesprices∆f

(i)
d,t.Todoso,we

workiterativelyforward,startingwith∆ρ̃0t ,whichissetequaltothejumpinthefutures
ratefortheconcurrentcontract(correctedforthenumberofelapseddaysasoutlined
inAppendixA),15

∆ρ̃0d,t = ∆f
∗(0)
d,t .

Sincecontractsaredefinedoveraverageinterestratesforcalendarmonths,weknow
thepricechangeofthefuturescontractforthemonthofthenextmeeting,n,(Julyin
ourexample),f (n)

d,t ,mustbeaweightedaverageoftheexpectedinterestratecarried
forwardfromthepreviousmeeting,andthatexpectedtobesetinthenext(indexedb
for“before”andn,respectively),

∆f
(n)
d,t =

dn − 1

Mn

·∆ρ̃0d,t +
Mn − (dn − 1)

Mn

·∆ρ̃1d,t,

wheredn referstothedayofthenextmeeting,andMn tothenumberofdaysinthe
monthofthenextmeeting.Therefore:

∆ρ̃1d,t =
Mn

Mn − (dn − 1)

(
∆f

(n)
d,t − dn − 1

Mn

·∆ρ̃0d,t
)
.

Sincethefuturesratejumpsarelikelytobenoisy,andbecausesuchnoisecouldbe
weightedupbythescalingterms,weutilisetheextrainformationrepresentedbychanges
infuturesratesforcalendarmonthswithoutmeetings.Thus,ifthereisnomeetingin
thesecondmonth(asforJuneinourexample),wecreateafinalversionof∆ρ0d,t bytak-ingaweightedaverageofthismeasurewiththejumpinthefuturesratenextmonthas
follows:

∆ρ0d,t =
Mb − (db − 1)

Mb − (db − 1) +Mn

·∆ρ̃0d,t +
Mn

Mb − (db − 1) +Mn

·∆f (1)
d,t , (1)

recallingherethatb indexesthepreviousmeetingday,andnthenextone.Wearethere-
foreusingthefactthatthejumpinthepriceofthecontractforthenextmonth(June
inourexample)isanequallyvalidmeasureofthesurpriseinthecasesthatthereis
nomeetingnextmonth(sinceasingletargetratewillholdoverthewholeperiod).We
employthesamestrategytocreate∆ρ1d,t wheneverthereisnomeetinginthemonth
followingagivenmeeting.16Thisapproachensuresthatthefuturesratechangesthat

15∆ρ̃0d,t and∆ρ̃1d,t wouldcorrespondtomp1andmp2 inthenotationofGSS.16Inthecasethatthereisameetingnextmonthwedonotperformtheweighting.Further,weperform
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occurtowardstheendofthemonth(withhigherd)willgetasmallerweightinginthe
convexcombination.Thus,theprocedurereducespotentialidiosyncraticnoiseinthe
futureschanges.

AsmentionedbyGürkaynak(2005),apotentiallimitationofthismethodisthepos-
sibilityofratechangesduringunscheduledmeetings.TheFOMCcandeviatefromits
publishedmeetingscheduleifcircumstancesrequireitandhasdonesoseveraltimes
inoursample.17Weonlyrelyonscheduledmeetingshere.Ifmarketsweretoincor-
porateanendogenousprobabilityofemergencymeetingsintotheirpricing,thiscould
beproblematicforouridentificationscheme.However,giventhatwerelyonfutures
ratechangesonmeetingdays,theoccurrenceofunscheduledmeetingswillonlybias
ourshockmeasuresifthemarketexpectationsaboutthelikelihoodofanunscheduled
meetingarechangedduringthedayoftheprevious(scheduled)FOMCmeeting.From
inspectionoftheminutes,thecommitteehasneverhintedatunscheduledmeetingsdur-
ingtheprecedingmeetings(seeAppendixG).Therefore,wedonotbelievetheeffect
ofunscheduledmeetingspresentsaseriousconcern.

2.3 FromExpectedPolicyRateChangestoStructuralShocks
Giventhesurprisesinthepolicyratesbeforeandafterthenextmeeting,∆ρjd,t,wewanttoobtainthestructuralshocksthatgeneratethesechangesinexpectations.Targetrate
changesbytheFedarehighlypersistent(asshownforexamplebyCoibionandGorod-
nichenko,2012),andthereforeanyratedecisionannouncedduringtheFOMCmeeting
willshiftmarketexpectationsacrossthespectrumofmaturities.Withoutadditionalin-
formationaboutthefuturecourseofpolicyactions,marketswilllikelytakethepolicy
ratetobethenewstatusquo.ThisiswhatGSSandBCrefertoastheir“targetfactor”
and“levelfactor”,respectively.ThusanunexpectedpolicyratechangebytheFOMC
willleadtoanupdatingofexpectationsaboutthecurrentaswellasaboutfuturerates:
Bothexpectations∆ρ0d,t and∆ρ1d,t willbeaffectedinthesameway.Werefertothese
surpriseannouncementsofimmediatepoliciesasactionshocks.

Ontheotherhand,theFedmaysimultaneouslydeliverindependentsurpriseinfor-
mationrelatingtofuturepolicy.Surprisecommunicationaboutpotentialpolicyactions
inthenextmeeting(referredtoascommunicationshocks)oughttoaffectallfuturesrates
afterthisnextmeeting,i.e.∆ρ1d,t,butnotratesbeforethem,∆ρ0d,t.ThisrecursivesystemmotivatestheuseofaCholeskydecompositionoftheexpectationsjumpvector.Note
thattheseoperationsareconductedatthefrequencyofthemeetings,inthesensethat
weextractstructuralshocksfromavectorofobservationsonlyonmeetingdays.Since
thisoperationduringtheiterativeextraction,inthesensethatwhereappropriatetheweightedversionoftheprevioussurpriseisusedtoextractthenext,whichthenmaybeweighted,etc.17Thedateswere04/18/1994, 10/15/1998, 01/03/2001, 04/18/2001, 09/17/2001, 08and17/10/2007,01and22/09/2008,03/11/2008and10/08/2008,seeAppendixGfordetails.
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werestrictouranalysistodayswithscheduledmeetings,thereisnevermorethanone
meetingpermonth,sowecandropthed subscriptfromourshockseries.Weentera
zerovaluetotheshockseriesforthemonthswithoutmeetings,asinBC.

Formally,thechangesinexpectationsaboutthefuturemonetarypolicyrate,∆ρ0t and
∆ρ1t ,aredecomposedintotwoorthogonalshocks:surprisesaboutmonetarydecisions
today(theactionshock,ε̃At )andsurprisecommunicationaboutpotentialfuturesactions
(thecommunicationshock,ε̃Ct )asfollows:

∆Rt ≡

[
∆ρ0t

∆ρ1t

]
=

[
m11 0

m21 m22

]
·

[
ε̃At

ε̃Ct

]
≡ M· Ẽt. (2)

Rearranging,weobtaintheexpressionforthevectorofstructuralshocks:
Ẽt = M−1 ·∆Rt,

whereM= chol(var(∆Rt)).
Figure2:ShockSeries
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Notes:Ouractionandcommunicationshockseries,ϵ̃At and̃ϵCt .WealsodisplaytheshockseriesofBarakchianandCrowe(2013,”BC”),formedofthefirstprincipalcomponentofthesixfed-eralfundsratematurities,forreference.ThecorrelationoftheBCshockwiththeactionandcommunicationshockis0.74and0.59,respectively.
Figure2showstheactionandcommunicationshockseries,aswellastheBCshock

series(onefactoroverallmaturities)forcomparison.First,weseethatthesizeofboth
actionandcommunicationsurprisesduringFOMCmeetingsisrelativelysmall(with
standarddeviationsof3.91and4.42basispoints).Thisimpliesthatmarketsgenerally
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anticipatedecisionswithahighprecision.Theshockseriesshowincreasedvolatility
aftertheburstingofthedot-combubbleandSeptember11,andduringtheimmedi-
aterun-uptothefinancialcrisis.Generally,thefactorapproachamalgamatesthemore
idiosyncraticmovementsofourtwoshockseries.Thelargermovementsinthecommu-
nicationshockseriesintheearlypartofthesamplearenotpresentintheBCshock,
however.18

2.4 VARSetup
Wegaugetheeffectofourtwomeasuresofpolicysurpriseson(seasonallyadjusted)
monthly(log)industrialproduction(IP)andconsumerpriceindex(CPI)witharecursive
structuralVAR.Giventherecursiveness,itismoreefficienttoemploythecumulated
jumpsintheVAR,insteadofemploying̃Et fromEquation(2)andthusorthogonalising
ourjumpstwiceunnecessarily.WithoutcontrollingforinternalFedinformation,these
cumulatedjumpseriesaredenotedbyS̃A

t =
∑t

i=0∆ρ
1
t andS̃C

t =
∑t

i=0∆ρ
0
t.Moreover,inasecondstepwewillorthogonaliseourjumps∆ρjt withrespecttoin-

ternalFedGreenbookforecasts.Thiswillpurgethepotentiallysuperiorcentral-bank
informationwhichcouldbetransmittedtothepublicduringFOMCmeetings.19Green-
bookforecastsaremadepublicwithalagoffiveyearsandthereforearenotknownby
marketsatthetimeofcentralbankannouncements.Thepurgedjumps,labelled∆ρp,jt ,
aretheresidualfromanOLSregressionof∆ρjt onavectorofGreenbookforecasts
GBt:20

∆ρp,jt ≡ ∆ρjt − β̂
OLS

·GBt. (3)
FortheuseintheVAR,weagaincumulatetheshocksovertimetoformamonthly

timeseriesofpolicysurprisesinlevels,soSA
t =

∑t
i=0 ∆ρ

p,1
t andSC

t =
∑t

i=0∆ρ
p,0
t .21Our

18OuractionshockissignificantlypositivelycorrelatedwithbothfactorsinBCandthefirstGSSfactor,whileourcommunicationshockispositivelycorrelatedwithonlythefirstBCfactorandthesecondGSSfactor.BothshocksarepositivelycorrelatedwiththeshockofNakamuraandSteinsson(2018)andwithanupdatedRomerandRomer(2004)shockseries.Weconcludethatourshockscaptureinformationfromtheseexistingshockseries,butarenotreducibletoanyofthem.Furthermore,the“levelfactor”interpretationofBCregardingtheirshockmaybequestioned,givenitssignificantpositivecorrelationwithourcommunicationshocks.Fordetails,seeAppendixB.19IftheFOMChadatendencytorevealnewpositiveforecastsregardingoutputandinflationatthesametimeasitincreasedinterestrates,thenthiswouldlikelybiasourestimatedcontractionaryeffectsofpolicytowardszero(forasimilarargument,seeNakamuraandSteinsson,2018).20WeincludesimilarGreenbookvariablesasBC,althoughlikeRamey(2016)weuseonlytheGreenbookforecasts,whileBCemploythedifferencebetweenBlueChipandGreenbookindicators.Thevariablesusedare:(1)contemporaneousunemployment,(2)contemporaneousoutputgrowthanditslagandfirsttwoleads;(3)theGDPdeflatoranditslagandfirsttwoleads;(4)thepreviousvaluesoftheoutputgrowthforecasts;(5)thepreviousvaluesoftheGDPdeflatorforecasts.21TheseseriesareI(1)byconstruction,andwillbeentereddirectlyintotheVARinthisform(asinRomerandRomer,2004,andBC).HeretheargumentofSimsetal.(1990)shouldhold,insofarthat“theOLSestimatorisconsistentwhetherornottheVARcontainsintegratedcomponents,aslongastheinno-
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VARspecificationisasfollows:
Yt = Cc +Cd · t+

12∑
l=1

ClYt−l +D· ϵt, (4)

whereYt = [log(IPt) log(CPIt) SA
t SC

t ]
′.WeestimatethemodelwithaconstantCc and

adeterministictrendCd,usingtwelvelags.22AsinRomerandRomer(2004)andBC,
theVARisrecursive,sothatmonetarypolicysurprisescannotaffectIPandCPIinthe
sameperiod(butareallowedtoreacttothem).Weneedtomaketheassumptionthat
marketsdonotobservethemonthlyobservationsonindustrialproductionandinflation
inrealtime(ase.g.alsoinBundickandSmith,2016),whichwefindplausible.Confidence
bandsfortheVARneedtobeadjustedfortheGreenbookregression,Equation(3),as
wecreateageneratedregressorhere.Appropriateconfidenceintervalsarecomputed
viaasystembootstrapprocedurewith5,000draws,employedforallVARspecifications
involvingpurgedshocks.

GiventhelimitedsizeofourVAR(whichfollowsmanystudiesintheliterature),one
couldbeconcernedthatourfour-variableVARmightbetoosmalltobeinformationally
sufficient.ThereforewerunthefundamentalnesstestsuggestedbyForniandGambetti
(2014)onoursystem.23Thetestfailstorejectthenullofinformationalsufficiencyof
thesystem—andtherebyalsotheshocks—invariousspecifications.

3 Results
Here,wepresentevidencethatshort-termFedsurprisecommunicationmatterssub-
stantiallyfortheU.S.businesscycle.Basedonimpulseresponses,forecast-errorvari-
anceandhistoricaldecompositions,wearguethatthemacroeffectsofwhataregener-
allytermed“monetarypolicyshocks”bytheempiricalliteratureseemmuchmoredriven
bycommunicationabouttheshort-termpathofpolicythanbysurpriseactions.Thisre-
sultholdsalsowhencontrollingforpotentialtransmissionofinternalFedinformation
duringFOMCpressconferences(theinformation-revelationchannel).
vationsintheVARhaveenoughmomentsandazeromean,conditionalonpastvaluesof[theendogenousvariables]”(p.113).22TheBayesianInformationCriterionproposesonelag,andthelikelihoodratiotest14.WesettlefortwelvelagsasinFaustetal.(2004).WeshowthatourresultsarerobusttodifferentnumbersoflagsinSection3.3.WegratefullyacknowledgetheuseofcodefromtheVARtoolboxbyAmbrogioCesa-Bianchi,madeavailableonhispersonalwebsite:https://sites.google.com/site/ambropo/MatlabCodes.23ThisamultivariateGranger-causalitytestonwhetherinformationfromalargemacro-financialdatasethelpspredictvariablesinourVAR.Ifitdoes,thenthevariablesinourVARwilllikelybeinsufficienttocaptureeconomicagents’expectations.Fordetails,seeAppendixC.
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3.1 ResultswithoutControllingforInformationRevelation
First,wecompareourresultstoBCusingourcumulatedshocksnotorthogonalisedwith
respecttotheGreenbookforecasts,i.e.S̃A

t and̃SC
t .Thisallowsustocompareactionand

communicationshockstothesinglefactorintheBCresults,aswellastocontrastthe
responseswithourorthogonalisedshockspurgedofinternalFedinformationbelow.

Figure3:Responsesoflog(IPt)andlog(CPIt) toOurShocks
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Notes:Impulseresponsesfromourfour-variableVAR,withlog(IPt),log(CPIt)andthecumulatedactionandcommunicationshockseries,S̃A
t and̃SC

t (notorthogonalisedtoGreenbookforecasts).ThemedianresponseandconfidenceintervalswereobtainedfrombootstrappingtheVAR500times,thegraphdepictsthelatterat90%(red)and75%(blueshadow)significancelevels.Re-sponsesaretoa10basispointpositiveshocktotheanticipatedpolicyrate.
Figure3showstheimpulseresponsesofIPandCPItoa(non-purged)actionshock

S̃A
t andacommunicationshockS̃C

t .Throughoutthestructuralshocksarescaledto10
basis-pointrateincreases.24WeseethatthereactionofIPtoasurpriseincreasein
theexpectedpolicyrateisnegativeatthe90%confidencelevelonlyforthecommu-
nicationshock.HereIPfallsby2.8percentaftera10basis-pointsurpriseincreasein
thefundsrate,whichisasizableeffect(wediscussthemagnitudesoftheresponses
belowforourbaselinemodel).TheIPreactiontotheactionshock,onthecontrary,dis-
playsacounter-intuitive,significantpositivereactionafteraround18months.Inflation
showsanequallycounter-intuitivepositivereactiontobothshocks.Thispricepuzzleis
awidespreadfinding,alsointhehigh-frequencyliterature(seee.g.Thapar,2008,and

2410basispointscorrespondtomorethantwostandarddeviationsofourshocks,whichare3.91(̃SA
t )and4.42basispoints(̃SC

t ).A10basis-pointincreasecanbestraightforwardlytranslatedintoa25or100basis-pointincreasegiventhelinearityofthemodel.
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BC).Theincreaseinproductionafterasupposedlycontractionarysurprisemonetary
policyactionismoreproblematicforourinterpretationoftheshock,butwillbeex-
plainedbyinformationtransmissionbytheFedduringFOMCmeetingsoncewecontrol
forGreenbookdata.However,herewealreadyseethatthecommunicationshockdoes
notdisplaythiscounter-intuitiveeffectonproduction.

Wecompareourshockresponsestothosetoasinglefactoroverthesixfederal
fundsfuturesasusedinBCinFigure4,whichsuperimposestheresultsfromsucha
three-variableVAR(repeatedacrosscolumns)onthosefromFigure3above.Wesee
thattheresponsestotheBCfactorshock,inparticularitssignificantnegativeeffect
onindustrialproduction,areinlinewithourcommunicationshock,butnottheaction
shock.

Figure4:ComparisontoBarakchianandCrowe(2013)
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Notes:Impulseresponsesfromourfour-variableVAR,withlog(IPt),log(CPIt)andthecumulatedactionandcommunicationshockseries,S̃A
t and̃SC

t (notorthogonalisedtoGreenbookforecasts),togetherwiththeresponsestothefactor(“level”)shockfromBarakchianandCrowe(2013)inred,estimatedina3-variablesystem(identicalresponsesarerepeatedacrosseachrow).Theme-dianand90%confidenceintervals(blueforourVARanddashedredforBC)wereobtainedfrombootstrappingeachVARmodel500times.Responsesaretoaonestandarddeviationpositiveshocktotheanticipatedpolicyrate.
BCmakeaconvincingcasethatmonetarypolicyintheU.S.hasbecomemoreforward-

lookingafter1994.25However,webelievethatalsoFedcommunicationanditsrecep-
25Theyshowthatmanywidelyusedrecursiveidentificationschemesfailforsamplesstartinginthelate1980s.WeconfirmthisfindinginAppendixD:Arecursiveidentificationase.g.inChristianoetal.(1996)withinathree-variableSVARincludinglogIP,logCPI,andthefederalfundsrate,deliversasignificantpositiveresponseofbothproductionandinflationtoasurprisepolicy-ratehikeforasamplestartingin1994.
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tionbythemarketshavebecomemoreforward-lookingduringthistime.Therefore,
unlikeBCweprefernottoapplyaninterpretationtoafirstfactoroverfuturesdata,
butinsteadtoexplicitlyextractstructuralshocks.26Ourdistinctionbetweenactionand
communicationshocksallowsustofindthat,inpost-1994data,itisnotmonetarypol-
icysurpriseratechanges,butrathersurprisecentral-bankcommunicationthataffects
economicactivityinthewaywewouldexpectfroma“standard”monetarypolicyshock.

3.2 BaselineResults:ControllingforInternalFedForecasts
Asdiscussed,eachoftheshocksabovelikelycontainstwoelements:Surpriseaction
orcommunicationbytheFed,butalsotransmissionofinternalFedinformationabout
thelikelyfuturecourseofthemacroeconomy.Suchaninformation-revelationchannel
mightcounteractthepureactionorcommunicationeffect:Asurprisehikeinrateswill
likelydampentheeconomy,butcouldalsosignalaFedoutlookontheeconomywhich
ismoreexpansionarythanmarketsanticipated,andthushavestimulativeeffects.27To
isolateouractionandcommunicationshocksfromsuchinformationtransmission,we
showresultsfromsuchshocksorthogonalisedoninternalFedGreenbookdata,i.e.the
Sj
t shocksabove.Figure5showsthatresultsareaffectedbythisorthogonalisation.Infact,forthe

actionshock,informationrevelationseemstoexplainmostofthecounter-intuitiveex-
pansionaryeffectonIP:Afterthepurging,weonlyfindaborderlinesignificantpositive
(butnonegative)effectonIP.Further,thecontractionaryeffectofcommunicationon
IPisslightlydampenedwhencontrollingforFedinformation,butremainssignificant
andsizablewiththeexpectedsign.Thepricepuzzleisnotsolvedbycontrollingforin-
formationtransmission,butisreducedtoborderlineinsignificanceforthecommunica-
tionshock.28Thuswefindthatourkeyresult,theimportanceofFOMCcommunication
aboutitsnear-futurepolicyforthebusinesscycle,ispreservedeveninthecasethatwe
controlforpotentialcontemporaneousinformationrevelationonthepartoftheFOMC.

26BCchoosetoonlyuseafirstfactoroverthesixfuturesmaturities,reasoningthat“[s]incethetrans-missionofmonetarypolicyisgenerallythoughttooccurviatheimpactofshortratechangesonlongerterm(real)rates,itisthisportionofthenewinformationonratesthatcorrespondsmostcloselytotherelevantpolicyshock.”(p.959).Wearguethatthisinterpretationmaynotbejustified,sincesomematu-ritiesreactmorestronglyandconsistentlyduringFOMCmeetingsfortheirfactor;thesearetheonesattheupperendofthesix-monthspectrum.Thisisdifficulttoalignwiththe“levelseffect”interpretationofBC(supposedlyanalogoustothe“targetfactor”inGSS).Infact,thecorrelationbetweenthefirstfactorsinGSSandBC(fortheoverlappingsample)is0.73(itis0.34betweentheGSSpathfactorandBC),whilethecorrelationofouractionshocktothefirstGSSfactoris0.88.ThecorrelationofourcommunicationshocktothesecondGSSfactoris0.60,seealsoAppendixB.Thus,ouractionshockismorecloselyrelatedtotheGSSfactorsthantheBCfactoristoeither.27Again,seee.g.RomerandRomer(2004),Campbelletal.(2012),NakamuraandSteinsson(2018)orJarocinskiandKaradi(2018).28Weobtainsimilarresultswhenusingcommoditypricesasacontrolforcentral-bankinformation(seeAppendixE).
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ThisimpliesthatFedcommunicationmattersoverandabovetheinformation-revelation
channel.

Figure5:TheEffectsofShocksOrthogonaltoGreenbookForecasts
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Notes:Impulseresponsesfromourfour-variableVAR,includinglog(IPt),log(CPIt) andthecu-mulatedactionandcommunicationshockseries(purgedofFedinformation),SA
t andSC

t .Themedianresponseandconfidenceintervalswereobtainedfrom5,000bootstrapdrawsofboththepurgingandtheVARregressions;thegraphdepictsthelatterat90%(red)and75%(blueshadow)significancelevels.Responsesaretoa10basispointpositiveshocktotheanticipatedpolicyrate.
Inmagnitudetheeffectsofourshocksarelargerelativetotheliterature.Ramey

(2016)summarisesexistingestimatesoftheeffectsonindustrialproductionof100
basis-pointincreasesinthefederalfundsrate,andthemaximumreporteddecreaseis
typicallylessthan5%(fromBC),andusuallycloserto1%(Christianoetal.,1996,find
0.7%after24months).A100basis-pointcommunicationshockwoulddeliveranega-
tive22%trough18monthsaftertheshockhits.However,asurpriseofthissizewould
exceed25standarddeviationsofourshocks(3.27and3.94basispointsforthepurged
actionandcommunicationshockrespectively).Sinceourshockseriesaremeasuresof
purelyunanticipatedchangesinthefederalfundsrateonFOMCmeetingdays,they
aresmallrelativetotheshockseriesemployedinexistingresearchwhichdoesnotuse
high-frequencyidentification.Thestrongerimpactofourshockseriesrelativetothat
ofBCisinteresting,andispartiallyexplainedbythefactthatourcommunicationshock
hasstrongernegativeeffectsthantheactionshock.TotheextenttheBCshockamal-
gamatesbothourshockseries,theestimatedeffecttheyobtainshouldbesmallerthan
theoneofourcommunicationshock.
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Table1:Forecast-ErrorVarianceDecompositionatBusinessCycleFrequenciesHorizon(months) IPt CPIt SA
t SC

t

IPt

12 0.68 0.09 0.01 0.2118 0.39 0.19 0.06 0.3624 0.23 0.26 0.11 0.4036 0.13 0.34 0.20 0.34

CPIt

12 0.08 0.62 0.27 0.0318 0.10 0.49 0.38 0.0224 0.11 0.44 0.42 0.0336 0.08 0.39 0.43 0.10
Notes:Contributionofourshockstoaforecast-errorvariancedecom-positionofIPandCPIfromourbaselinefour-variablepurgedVARatthevarioushorizons.Theidentifiedtwo(purged)shocksareSA

t and
SC
t ,while“IP”and“CPI”arenotidentified.

Forecast-ErrorVarianceDecomposition. Table1depictsthesharesofourpurged
shocksinaforecast-errorvariancedecompositionofbothmacrovariablesatdifferent
horizons.Theshareofthecommunicationshockislargerthanthatoftheactionshock
forindustrialproductionatallhorizons.Centralbanksurprisecommunicationseems
tohavelargereffectsonproductionthansurpriseactions,buttheactionshockshave
largeeffectsonthevariabilityofinflation(althoughtheyaffectitinacounter-intuitive
direction).
HistoricalDecomposition. WepresentthehistoricaldecompositionofIPwithrespect
tothepurgedshocksinFigure6.29Theeffectsofcommunicationseemtomoveinfour
cyclesoverthesample:twohawkishones,1995tomid-1997and2001to2007,and
twodovishones,aroundmid-1997to2001and2007tomid-2008.

Thefirstexpansionaryepisode(1998to2001)coincideswiththelastphaseofthe
so-called“Greenspanput”,i.e.theconjecturethattheFedsystematicallyeasedpolicy
inreactiontodeterioratingstockmarketconditionsduringtheperiod.Thesecondcon-
tractionaryepisode(2001to2006)wasoneofunstablegrowthandseveralcorporate
scandalsinvolvingAmericanenterprises.EventhoughtheFedkeptpolicyratesatlow
levels,marketsseemtohavegenerallyexpectedmorepolicyeasingthanwasactually
deliveredbetween2001and2004.

29Giventhepuzzlingresponsesofprices,wechoosetoexamineonlyvariationinindustrialproduction.However,wediscussthedecompositionofCPIfortheEurodollarcasebelow.
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Figure6:HistoricalDecompositionoflog(IPt)
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Notes:Historicaldecompositionoflog(IPt) inourfour-variableVAR,includingthevariableslog(IPt) andlog(CPIt) andthecumulatedpurgedactionandcommunicationshockseries,SA
tandSC

t .Thebarplotsarestacked,sotheirheightabove(below)thezero-axisrepresentsthecu-mulativehistoricalcontributionofourmonetaryshockstoindustrialproductionabove(below)itsunconditionalmean.Wealsodisplaythefederalfundsrate(right-handscale)forreference.GreyareasdenoteNBERrecessionperiods.
Generallywefindmixedevidenceforthe“monetaryexcesses”viewofJohnTay-

lor,whoarguesthatmonetarypolicyhadremainedtoolaxfortoolongandcontributed
toanunsustainablehousingboomintheU.S.duringtheperiodprecedingthefinancial
crisis(Taylor,2009).Between2002and2004,theeffectsofmonetarysurprisesarepre-
dominantlycontractionaryintheircontributiontofluctuationsinindustrialproduction.
DuringthegradualincreaseofthefederalfundsratefromJune2004onwards,therate
increasesseemtohavebeenoflittlesurprisetomarkets(theactioncomponentissmall),
whereasthecommunicationofthecontinuedincreasesmayhaveloweredmarketsen-
timent(asvisibleinthenegativecontributionofthisshockovertheperiod).30Onlyafter
2006thereissomeexpansionaryeffectasmarketsseemtohaveexpectedmorecon-
tractionaryactionsthanweredelivered.Finally,afterthebeginningoffinancial-market
turmoilinAugust2007,bothactionsandcommunicationsuccessfullyhelpedtostabilise
productionuntilfuturesmarketsbecamestuckattheirzero-lowerboundinmid-2008.

Tosummarise,distinguishingbetweencentral-bankactionandcommunicationshocks
30Thecommunicationhorizonofaboutsixweeksmightbetooshorttocapturethe“signaling”episodeof2003/04,inwhichtheFedcommunicatedaslowreturntohigherratesinordertosustaintherecoveryevenwithoutloweringratesbelowthe100basis-pointthreshold(seeWoodford,2005,pp.29ff.).Thereisevidenceforsuccessfulstabilisationbylonger-termcommunicationascapturedbyourEurodollar-basedshocksinSection4.
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addsdetailtoourunderstandingoftherecentmonetarypolicyhistoryoftheU.S.,and
ourcommunicationshockseemsbroadlyinlinewithcommonnarratives.

3.3 Robustness
Figure7contraststheimpulseresponsesofourbaselineVARtothoseofversionswith6
to18lags.31Theresponsesalwaysthefallintothe90%confidencebandsofour12-lag
modelexceptforthecaseof18lags,andeveninthiscasedynamicsremainverysimilar.

Figure7:RobustnessCheck–Differentlags
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Notes:Impulseresponsesfromourfour-variableVAR,includinglog(IPt),log(CPIt) andthecu-mulatedactionandcommunicationshockseries(purgedofFedinformation),SA
t andSC

t ,withtwelvelags(medianblue,90%confidencebandinred),aswellasVARswith6,10,14and18lags(medianresponsesingreen).Themedianresponseandconfidenceintervalswereobtainedfrom5,000bootstrapsofboththepurgingandtheVARregressions;thegraphdepictsthelatteratthe90%significancelevel.Responsesaretoa10basispointpositiveshocktotheanticipatedpolicyrate.
Wealsoestimateseparatethree-variableVARsystems,loadinginoneshockata

time.Wedothistorespondtoanyconcernsregardingtheefficiencyofourbaseline
VAR:Inourfour-variablesystem,theshocksareallowedtorespondendogenouslyto
eachother,wheninfacttheseinteractioneffectsshouldbelimited,giventheshocks
areexternallyidentifiedandorthogonaltoeachotherbyconstruction.Figure8shows
thatresultschangeslightly:IPnowfallsbyaroundthesamefortheactionasforthe
communicationshock,howevertheeffectisborderlinesignificantatbest.Theprice

31Wecannotusemorelags(BCuse36)duetoinsufficientdegreesoffreedomforourfour-variableVAR.
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puzzlestillshowsfortheaction,butnotthecommunicationshock.Overall,wetherefore
findourmainresultssupported.

Figure8:RobustnessCheck–SeparateThree-VariableVARSystems
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Notes:Impulseresponsesfromtwothree-variableVAR,includinglog(IPt),log(CPIt) andoneofthecumulatedactionandcommunicationshockserieseach,S̃A
t andS̃C

t .ThemedianresponseandconfidenceintervalswereobtainedfrombootstrappingtheVAR500times,thegraphde-pictsthelatterat90%(red)and75%(blueshadow)significancelevels.Responsesaretoa10basispointpositiveshocktotheanticipatedpolicyrate.
Asanextcheck,wevarytheweightingschemesemployedinEquation(1),whichis

reproducedforconveniencehere:
∆ρ0d,t =

M0 − (d0 − 1)

M0 − (d0 − 1) +M1

·∆ρ̃0d,t +
M1

M0 − (d0 − 1) +M1

·∆f (1)
d,t . (1)

Inthisbaselinespecification,weusetherelativenumberofdaysforwhichthefutures
movementisvalid,ωρ =

M0−(d0−1)
M0−(d0−1)+M1

andωf = M1

M0−(d0−1)+M1
,toweighttheinformation

fromthemovementinrateswithinthemeetingmonthandthenextmonthwithouta
meeting(incasenomeetingtakesplaceinthenextmonth).Hereweinvestigatethe
effectofusingtwoalternativeweightingschemes:

•Alt1:ωp = 1,ωf = 0,i.e.fullweightonthenextmeetingmonth
•Alt2:ωp = 0,ωf = 1,i.e.fullweightonthemonthwithoutameeting(forallthe

meetingsnotfollowedbyanothermeetingintheconsecutivemonth)
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Figure9:RobustnessCheck–DifferentWeightingSchemes
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Notes:Impulseresponsesfromourfour-variableVAR,includinglog(IPt),log(CPIt) andthecu-mulatedactionandcommunicationshockseries(purgedofFedinformation),SA
t andSC

t ,wheredifferentweightingschemesareemployedinobtainingthe∆ρjd,t,seetextfordetails.Themedianresponseandconfidenceintervalswereobtainedfrom5,000bootstrapsofboththepurgingandtheVARregressions;thegraphdepictsthelatterat90%(red)and75%(blueshadow)significancelevels.Responsesaretoa10basispointpositiveshocktotheanticipatedpolicyrate.
Notsurprisingly,ourbaselineIRFsinblueinFigure9lookclosesttothecasewhere
weuseconsecutivenon-meetingmonthswhereverpossible(Alt2)–thereasonisthat
meetingswithnomeetinginthenextmonthtendtotakeplacetowardstheendofthe
calendarmonth(soωp iscloseto0andωf closeto1).Instead,usingonlytheinformation
frommonthswithmeetings(Alt1,whichisclosesttothesetupinGürkaynak,2005)
wouldnotyieldsignificantresultsforthecommunicationshockonIP.Thedifferenceis
likelyduetotheabilityofourbaselineapproachtoreducenoisebyusingallavailable
information.

However,noneoftheresultsfromthealternativespecificationsstraytoofarfrom
ourbaselineresults.Altogether,wefindthatacarefuluseofallavailableinformationas
inourweightingschemeinSubsection2.2sharpenstheidentificationofthequantita-
tiveeffectsofactionandcommunicationshocks,butthatqualitativeresultsarelargely
unaffectedbyalternative,potentiallysimplerweightings.
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Figure10:RobustnessCheck–LocalProjectionApproach
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Notes:Impulseresponsesoflog(IPt) andlog(CPIt) tothepurgedmovements∆ρp,0t and∆ρp,1tunderthelocalprojectionapproach.90%and75%confidenceintervalswereobtainedusingNewey-Weststandarderrors.Responsesaretoa10basispointpositiveshocktotheanticipatedpolicyrate.
Furthermore,sinceourshocksareidentifiedoutsidetheVARsystem,itisnotneces-

saryto“estimateallinteractionsbetweenvariablesaspartofaVAR.Infact,ouranalysis
lendsitselftothelocalprojectionapproachofJordà(2005).Werunseparateforecast-
ingregressionsofourshocksonourtwomacrovariablesofinterest,whilecontrolling
forthecontemporaneousvaluesandlagsofthesemacrovariables.Thisapproachavoids
compoundinganypotentialerrorsduetomisspecificationoftheVAR(seeRamey,2016).
WeprojectourvariablesofinterestYt+q = [log(IPt), log(CPIt)]ontoseveralcontrolsas
wellasthethepurgedchangedinexpectationsbefore(∆ρp,0t )andafterthenextmeeting
(∆ρp,1t ),inordertoobtaintheresponsetoactionandcommunicationshocks,respectively
followingEquation(5)and(6):

Yt+q = Dq
c +

2∑
l=0

Dq
Y,lYt−l +Dq

A∆ρ
p,0
t + uqt+q, q = 0, 1, ..., Q (5)

Yt+q = Gq
c +

2∑
l=0

Gq
Y,lYt−l +Gq

A∆ρ
p,0
t +Gq

C∆ρ
p,1
t + uqt+q, q = 0, 1, ..., Q, (6)

whereDq
i andGq

i arevariouscoefficientmatricesforhorizonsq uptoQ,withDq
c and

Gq
c beingdeterministicregressors(aconstantandalineartrend).Weincludetwolagsl

andthecontemporaneousvalueofthemacrovariables,IPt andCPIt,thusestablishing
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recursivenessofourshockstothesevariables.Further,weaddthecontemporaneous
valueoftheearlierexpectationrevisions(the“actionjumps”),∆ρp,0t ,whenestimatingthe
effectofthecommunicationshock(jumpsin∆ρp,1t ),thusassumingrecursivenessofthe
shocksasintheVARspecification.Thecoefficients{Dq

A}
Q
1 and{Gq

C}
Q
1 athorizons1to

Q = 48 thengivetheimpulseoftheactionandthecommunicationshock,respectively,
onthelogofIPandCPI.Confidencebandsarecomputedusingtheheteroskedasticity
andautocorrelationrobustNeweyandWest(1987)standarderrors.

ResultsarecomparabletotheonesfromourVARspecification(Figure10).Thede-
clineinIPisnowborderlinesignificantfortheactionshock,butslightlysmallerthanfor
thecommunicationshock.Weseeasignificantpricepuzzleforbothshocks,whichis
howeversmallerinsizeforthecommunicationshock.

Toconclude,ourmainresults,i.e.thestrongereffectofcommunicationonIPand
thesmallerassociatedpricepuzzle,arerobusttovariousalternativespecifications.

4 CoveringtheZero-LowerBoundEpisode
FollowingthestartoftheZLBperiodduringthefinancialcrisisof2008,thefederalfunds
futurespricesofourshort-runmaturitiesceasetomoveandourdecompositionintoac-
tionandcommunicationshocksisnolongerpossible.However,Eurodollarfuturescon-
tractsremainedliquidduringtheZLBperiodandcanhelpustoanalysecommunication
shocks.

Eurodollarcontractsaredefinedoverquartersandnotmonths,soitisnolongerpos-
sibletoextractexpectationsregardingparticularmeetingsforthesecontracts.32Neither
areweabletoclearlyidentifyan“actionshock”inthiscase,sincethecontemporaneous
Eurodollarfuturereflectsexpectationsregardingboththemostrecentmeetingandall
futuremeetingswithinonequarter.Furthermore,theunderlyingforthecontractsisthe
3-monthLIBORrateondollar-denominatedassetsasopposedtotheovernightfederal
fundsrate,sothecontractsarelesstightlylinkedtothepolicydecisionsoftheFOMC.
However,thesecontractstradeinhighlyliquidmarketsandthetheirpricingmoves
systematicallyonFOMCmeetingdays,implyingthatmarketparticipantswereupdat-
ingtheirexpectationsforfutureshorter-terminterestratesinreactiontocentral-bank
communication.

WeproposealineardecompositionoftheEurodollarcontractssimilartothatused
inourpreviousanalysis.Tocapturelonger-termcommunicationasusedforforward
guidance,weemploycontractsrelatedtotheEurodollarrateone,twoandthreeyears

32Eurodollarfuturestakeastheirunderlyingthe3-monthLIBORrateontime-depositsofU.S.dollardenominatedassetsheldoutsideoftheU.S.Unlikethefederalfundsfuturescontracts,thesecontractsaredefinedrelativetotheinterestrateprevailingonthethirdWednesdayoftheexpirationmonth,andareavailableacrossquarterlyhorizons,forthenexttenyears.
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out(ED4,ED8andED12).Includingonematuritylongerthanthetwoyearsusually
associatedwithFedforwardguidance(ED12)allowsustodisentangletheeffectsof
forwardguidancefromothercommunicationaboutthelonger-termoutlook.33

Here,weusearecursiveschemedirectlyontheselectedfuturesmaturitiesasfol-
lows: 

∆ẼD
(4)

d,t

∆ẼD
(8)

d,t

∆ẼD
(12)

d,t

 =

k11 0 0

k21 k22 0

k31 k32 k33

 ·

ε
NED
d,t

εMED
d,t

εFED
d,t

 = K·Ed,t, (7)

where∆ẼD
(h)

d,t isthedailydifferenceoftheEurodollarcontractfuturesratesathorizon
hontheFOMCmeetingdayindexedbydaydandmontht,notpurgedforcentral-bank
informationfornow.Wecalltheseshocks“nearEDshock”,“mediumEDshock”,and
“farEDshock”.ItisimportanttonotethatthenearEDshockisquitedifferenttothe
actionshockdiscussedpreviously:SinceitrepresentsthecombinedeffectsofallFOMC
communicationregardinginterestratesduringthenextyear,itcontainstheeffectsof
actionandcommunicationshockabove,aswellasothercommunicationshocks.

Figure11:EurodollarShockSeries
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Notes:ThefiguredisplaysthethreeEurodollarshocksSj
t ,j ∈ {NED, MED, FED} –dubbed“nearED”,“mediumED”,and“farED”shock,respectively.

TheshockseriesaredisplayedinFigure11,foroursampleperiodcoveringMarch
33OurresultsarerobusttousingtheEDfuturesmaturities([ED4,ED8,ED18]and[ED4,ED6,ED8])—inthelattercase,onlyED8givesasignificantreactiontoCPI.FEVDanalysisunderlinesthestrongereffectonCPIthanIPofourEDcommunicationshocks.Fortheseresults,seeAppendixF.
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1994toApril2018.AstrikingfeatureisthemarkedshiftinvolatilityfromthenearED
shocktothelonger-termEDshocksduringtheZLBperiod:Thissuggeststhatbefore
theGreatRecession,marketswerelesslikelytoreceiveimportantsurpriseinformation
aboutmonetarypolicymorethanoneyearintothefutureduringFOMCmeetings.How-
ever,withtheonsetofunconventionalmonetarypolicy,surpriseinformationaboutthe
potentialcourseofcentralbankdecisionstwoorthreeyearsintothefuturebecame
increasinglyimportant.WecanalsoseeaperiodoflargervolatilityofthemediumED
shockduringthedot-combustandpriorto2004,whichdoesnottranslateequallyinto
farEDshockvolatility.34

WefollowthebaselineVARspecificationabove,enteringourthreecumulatedshock
seriesattheendofavectorincludinglogIPandCPI,with12lags.Againweavoidatwo-
stepestimationbyenteringthemovements∆ẼD(4)

d,t,∆ẼD(8)

d,t,and∆ẼD
(12)

d,t directlyinto
arecursiveVAR.TheimpulseresponsefunctionsaredisplayedinFigure12.Noneofthe
EurodollarshockshavesignificanteffectsonIP–thefactthatresponsesaresmallerand
lesssignificantthaninourpreviousanalysismaybeduetoEurodollarfuturesbeinga
noisiermeasureofmonetarypolicystancethanfederalfundsfutures.ThenearEDshock
hasnosignificanteffectonpricesexceptrightafterimmediateimpact;ifanything,there
isaborderlineinsignificantpricepuzzleinthemediumterm.

Furthermore,themediumandfarEDshocksshowsignificantcontractionstoCPI,of
increasingstrength.ThiswouldmatchthepredictionsoftheNewKeynesianliterature
regardingtheeffectsofforwardguidanceatincreasinghorizonsoninflation(DelNegro
etal.,2016;McKayetal.,2016).However,weshouldbewaryofinterpretingthefar
EDshockasforwardguidance:Itrepresentsanycommunicationaffectingexpectations
threeyearsout,orthogonaltoinformationonactsoneortwoyearsout,whichisthe
commonhorizonoftheFed’sforwardguidance.Nevertheless,wereachtheconclusion
thatcommunicationsurprisesatlongerhorizonsseemtohaveastrongerandmoreper-
sistenteffectonCPIthanonindustrialproductionforasampleincludingtherecentZLB
episode.Figure16inAppendixFshowstheresponseswhenwepurgeforFedinforma-
tionbyregressingourshocksontheGreenbookforecasts(whichrestrictsoursample
totheendof2012duetothefive-yearlaginGreenbookpublications).Theresultsare
essentiallythesame,exceptfortheCPIreactiontothefarEDshock,whichbecomes
moreerratic,likelybecauseoursampleendsbeforethenormalisationofmonetarypol-
icy.Overall,weconcludethatitisrevelationsaboutthefuturepolicycourseratherthan
ofinternalinformationthatcauseslonger-termFedcommunicationtohaveaneffect

342004isinfactanearlyexampleofforwardguidancebytheFed:“[T]heCommitteeusedasequenceofchangesinthebalanceofrisksandforwardguidancelanguageinthemonthsleadinguptotheJune2004tighteningtosignalthatitsassessmentoftheeconomywasevolvingandthatitwasgettingclosertoraisingitstargetforthefederalfundsrate.”(Meadeetal.,2015)ThecommunicationstartedinAugust2003,inlinewiththeupwardmovementofourshockserieshere:Marketsseemtohavechangedtheirexpectationsaboutpolicyoneandtwoyearsout,butnotsomuchonadditionalpoliciesthreeyearsout.
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oninflation.Thiscouldbeexplainedbytheinformationrevelationbeingcloselylinked
tothecurrentstateoftheeconomy,ratherthanitsmedium-termcourse.

Figure12:Responsesoflog(IPt)andlog(CPIt) toEurodollarShocks
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Notes:Impulseresponsesfromourfive-variableVAR,includinglog(IPt),log(CPIt)andthethree
(non-purged)cumulatedshockseries∆ẼD

(j)
t ,j ∈ {4, 8, 12}–callednearED,mediumEDandfarEDshock,respectively.Themedianresponseandconfidenceintervalswereobtainedfromboot-strappingtheVAR500times,thegraphdepictsthelatterat90%(red)and75%(blueshadow)significancelevels.Responsesaretoa10basispointpositiveshocktotheanticipatedpolicyrate.

HistoricaldecompositionsofIPandCPI(seeFigure15inAppendixF)showthatfrom
theonsetofthecrisisinearly2008toaround2012,communicationatallthreehorizons
(1,2and3years)hadarecessionaryimpactonIP.Thiscouldreflectthatmarketshad
expectedstrongerannouncementsthanFedstatementsliketheonethatthecrisiswas
"likelytowarrantexceptionallylowlevelsofthefederalfundsrateforsometime".35
However,Eurodollarcommunicationshocksneverthelessshowastrongstabilisingef-
fectoninflation.Thiscanperhapsbeexplainedintermsofcentral-bankcommunication
contributingto“anchoredexpectations”,therebyaccountingforthe“missingdisinfla-
tion”eveninthewakeofadeeprecessionduringthisperiod(Bernanke,2010).

Moreover,fromtheannouncementsofassetpurchasesandforwardguidancein
September2012onwards,allthreeEDshockshaveanexpansionaryeffectonIPand
CPI,whichisevidenceforanimportantroleoftheFedinaccommodatingtheeconomy,
despitethefactthatitspolicyrateremainedattheZLBduringtheperiod.Indeed,the

35Seehttps://www.federalreserve.gov/faqs/what-is-forward-guidance-how-is-it-used-in-the-federal-reserve-monetary-policy.htm.
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timingoftheselaterexpansionarycontributionsalmostexactlycohereswiththetiming
oftheFOMC’sexplicitforwardguidancestatements(2012-2015).36However,itistrue
thatthestrongesteffectscomefromthefarEDshock,whichrepresentscommunication
orthogonaltoshocksregardingeventsoneortwoyearsout(theusualhorizonforfor-
wardguidance).Thus,thisshockmightsignalashiftinthemonetarystance(e.g.bythe
announcementsofQE3)ratherthantheforwardguidancepoliciesexplicitlyfollowedby
theFedduringtheperiod.Forexample,Swanson(2017)showstheimportanceofathird
factorforlonger-termyieldmovementsduringtheZLBperiod.37Overall,ouranalysis
ofEurodollarfuturessupportsourfindingsregardingtheimportanceofcentral-bank
communicationforthemacroeconomy,especiallyatlongerhorizons.

5 Conclusion
Inthispaper,wehaveinvestigatedtheeffectofcommunicationsurprisesduringFOMC
meetingsonthemacroeconomy,andcontrastedthemwithsurprisesaboutactualpolicy
decisions.Todistinguishsurpriseactionfromsurprisecommunication,weuseasimple
Choleskydecompositionofchangeswithincertainmaturitysegmentsoffederalfunds
futurescontracts.

Foroursamplefrom1994M3to2008M6,wefindthatcommunicationsurprises
playamoreimportantroleinmacroeconomicfluctuationsthanactionshocks.Commu-
nicationshocksleadtotheexpectedcontractionaryreactionofindustrialproduction,
explainalargershareofvarianceinindustrialproduction,andcanbeeasilyalignedwith
therecenthistoryofU.S.monetarypolicy.Thesefindingsarerobusttovariouschanges
inspecification.Overall,ourfindingsemphasisethecrucialimportanceofcentral-bank
communication,andofforward-lookinginformationreceptionbymarketparticipants
evenbeforetheexplicitadoptionofforwardguidanceasapolicytoolbytheFederal
Reserve.

UsingacomplementaryanalysisbasedonEurodollarfutures,wefindevidencefora
strongerroleoflong-termcommunicationbytheFOMCduringthezero-lowerbound
episode.Thislong-termcommunicationhelpedinparticulartostabiliseinflation,with
thesizeofitseffectincreasinginthehorizonoftheshocks.Overall,ouranalysissuggests
thatresearchersoughttothinkof“monetarypolicyshocks”,ofthetypeextensively
studiedinthemacroeconomicliterature,intermsofcentral-bankcommunicationrather
thanunanticipatedratechanges.

36Additionally,the“signaling”episodeof2003/04isreflectedinastabilisingcontributionofthemediumEDshocktobothIPandCPI.37InSwanson’sanalysis,threeinsteadoftwofactorsasinGSSarefoundsufficienttodescribethedynamicsofunderlyinghigh-frequencychangesinvariousreturnsonmeetingdays.ThefactorsarethenidentifiedbyrotatingthemsuchthattheforwardguidanceandLSAPfactorhavenoinfluenceonyieldsofshort-termassets,andbyminimisingthevarianceexplainedbytheLSAPfactorbeforetheZLBepisode.
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Appendix
A DetailsontheFederalFundsFutures
Assumptionofconstantriskpremiumonmeetingdays. Undertheassumptionofef-
ficientmarkets,wehavethatthefuturesratef (m)

d,t reflectsthemarketexpectationsof
theaverageeffectivefederalfundsratērt+m:

f
(m)
d,t = Ed,t[r̄t+m] + δ

(m)
d,t , ∀m ≥ 0,

whereδ(m)
d,t isarisk-premiumterm.SinceKuttner(2001),manyauthorshavearguedthat

themovementsinthefederalfundsfuturesmarketobservedonFOMCmeetingdays
captureasurprisecomponentofmonetarypolicy.Letusassumenochangeintherisk-
premiumδ

(m)
d,t forthatshorttimewindow.38

Thecurrent-monthcorrection. Notethatforcontractsonthecurrentmonth,agents
willalreadyhaveobservedacomponentoftherealizationofEd,t[r̄t],becaused− 1days
ofthatmonthhavealreadyelapsed(d− 1astheovernightratereferstothenightafter
dayd,seeHamilton,2008,p.378).WefollowKuttner(2001)inscalingthefuturesrate
fortheconcurrentmonth,∆f (0)

d,t ,bytheratioofnumberofdaysinthemonth,M,over
thenumberofdaysremainingafterthemeeting,M−(d−1).Thusweobtainacorrected
measure∆f

∗(0)
d,t :

∆f
∗(0)
d,t =

M

M − (d− 1)
·∆f (0)

d,t .

Thisscalingfactorbecomesverylargeattheendofthemonth(upto31 forM =

d = 31).WethereforeagainfollowKuttner(2001,pp.529f.)andusethechangeinthe
futuresrateonthenextmonth(∆f (1)

d,t inplaceof∆f ∗(0)
d,t )formeetingswithinthelast

threedaysofamonth,providedthereisnomeetingnextmonth.

B CorrelationwithOtherShockSeries
Inordertobetterunderstandhowourshockseriesrelatetootherhigh-frequencymon-
etaryshockseriesavailableintheliterature,thissectionexaminescorrelationswithdif-
ferentmeasures.Wealwaysusethenon-purgedshocksforcomparability.

38PiazzesiandSwanson(2008)showthattherisk-premiuminthefederalfundsfuturesmarketissize-ableandtime-varying,butonlyatbusiness-cyclefrequencies.
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Table2:CorrelationofOurShockswithOtherMonetaryPolicyShocksActionShock Comm.Shock #obs.
BC1stFactor -0.74*** -0.59*** 115BC2ndFactor -0.53*** -0.61*** 115GSSTargetFactor -0.88*** -0.03 82GSSPathFactor -0.13 -0.60*** 82RRShock(original) -0.57*** -0.10 23RRShock(updated) -0.34*** -0.05 111NSShock -0.66*** -0.62*** 68

Notes:Correlationstoournon-purgedshocksS̃A
t andS̃C

t .BC:BarakchianandCrowe(2013);GSS:Gürkaynaketal.(2005);RR:RomerandRomer(2004);NS:NakamuraandSteinsson(2018).TheupdatedRRseriesisfromWielandandYang(2016).
WefirstexaminetherelationbetweenourshockseriesandthatofBC.FromTa-

ble2wenotethatallourshocksarepositivelycorrelatedwiththisshock,i.e.thefirst
factoracrossmaturitiesofcontract.Infact,theactionshockismoststronglycorrelated
withtheBCshock.Thisissomewhatsurprising,sincewhenweexaminetheimpulse-
responsefunctions,wefindthatthecommunicationshocksyieldresponsesclosestto
thoseoftheBCshock.WithrespecttothesecondfactorextractedbyBCfromthe
futuresjumps,wecanseethatonlytheactionshockispositivelycorrelatedwiththe
secondfactor.Thecommunicationshockinsteadisnegativelycorrelated,soitisnot
truethatourcommunicationshockseriesmerelyreflectinformationcapturedbythe
secondfactorofBC.Thisisheartening,sinceweknowfromBCthatthesecondfac-
torexplainsonlyasmallfractionofthevarianceofthefederalfundsfuturescontracts.
Wecanconcludethatourstructuraldecompositionoffersdifferentkindsofinformation
relativetothetwofactorsofBC(althoughtheyrestricttheiranalysistothefirstfactor).

WhenweexaminetherelationbetweenourshocksandthoseofGSSwefindlargely
expectedresults.OuractionshockisstronglyandsignificantlycorrelatedwiththeGSS
targetshock.OurcommunicationshockshowspositivecorrelationwiththeGSSpath
factor,althoughitissmaller,at0.60.Thereforeourshocksshouldbeunderstoodtobe
closelyrelated,butnotreducible,tothefactorsofGSS.

WemoreoverfindthattheactionshockissignificantlycorrelatedwiththeRomer
andRomer(2004)shock,butthecommunicationshocksarenot.Whenweexaminea
longerperiod,usingtheseriescomputedbyWielandandYang(2016),wefindsimi-
larresults.Finally,bothourshocksarepositivelycorrelatedtothatofNakamuraand
Steinsson(2018).Thefactthatthecorrelationstructurelooksmuchlikethoseofour
shockswiththatoftheBCshock,withthegreatestcorrelationfortheactionshock,
isunsurprisingsincetheNakamuraandSteinsson(2018)shockisalsothefirstfactor,
althoughthebundleoffuturesjumpsincludeslongerhorizonEurodollarcontractsalso.
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C TestingourVARforinformationalsufficiency
Hereweoutlineourproceduretotestourfour-variableVARforinformationalsuffi-
ciencyassuggestedinForniandGambetti(2014,FGinthefollowing).
Preliminaries. WeuseourbaselineVARsettingwithY t = [log(IPt), log(CPIt), SA

t , S
C
t ]

′

asinEquation(4),with12lagsand2deterministicregressors.Fortheprincipalcompo-
nents,weusethemonthly“FRED-MD”datasetbyMcCrackenandNg(2016).Thedata
setcomprises128monthlymacro-financialtimeseriesandhasbeenproposedspecif-
icallyforthepurposeoffactoranalysis.Weobtain10principalcomponents(PCs),as
P = 10 isthemaximumamountofPCsusedbyFG.
Afirststep:F-testwhetherlaggedPCsexplainourshockseries. Intheirsimulation
design,FGproposeanF-testasaninitialsteptocheckwhetherprincipalcomponents
ofalargerdatasethelpexplaintheirshockseries.Wefollowthisprocedure,calculating
thep-valuesof12F-tests,forbothofourshocksSA

t andSC
t withtheirspecifications:

εjt =
P∑
i=1

L∑
l=1

ϕilfit−l + vt, ∀j = {A,C},

whereweusethenon-cumulatedshockseriesεjt,thelagsL = {2, 4}andnumberofPCs
P = {1, 2, 4},andwhereft aretheestimatedPCs.

Thep-valuesforthetestofthelaggedPCsnotexplainingtheshocks(H0 : ϕil =

0 ∀{i, l})arereportedinTable3.Forallofthetests,thenullofnojointexplanatory
powerofthelaggedPCscannotberejectedattheusualsignificancelevels.

Table3:p-valuesofanF-testwhetherlaggedPCshelpexplainourshocks
#lags 1PC 2PCs 4PCs

εAt
2 0.9443 0.9980 0.71974 0.6434 0.9485 0.9258

εCt
2 0.2593 0.5679 0.88374 0.6095 0.8693 0.9502

TheFGtestforinformationalsufficiency. TheFGtestisamultivariateGranger-causality
testcheckingwhetherPCsfromadatasetlargeenoughtocaptureeconomicagents’
expectationshelppredictvariablesinourVAR.Iftheydo,thentheeconometrician’s
datasetintheVAR(here,ourfourvariablesinY t)isnotinformationallysufficientto
capturethedynamicsbasedontheeconomicagents’decisions.Themajoradvantageof
theFGfundamentalnesstestisthat“rejectionofPCsGranger-causingmodelvariables”
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isnotonlyanecessaryconditionforfundamentalness(asinothertestingprocedures),
butalsoasufficientone:Ifthestate-spaceoftheeconomyiscapturedbyourPCs,then
fundamentalnessisimpliedbythefailuretorejectGranger-causalityofthePCs(seeFG
fordetailsandothertestsavailable).

Technically,FGfollowthemultivariatetestforGranger-causalityinGelperandCroux
(2007,GCinthefollowing),seeFGp.16.Inparticular,theyusethe“Regression”imple-
mentation,whichGCshowtohavethelargestpower.Thetestproceedsasfollows
(compareGCpp.3ff.):First,wesetupanunrestrictedor“full”model,

Y t = ϕc +
L∑
l=1

ϕlY t−l +
L∑
l=1

ψlPCt−l(P ) + εf,t,

wherePCt−l(P ) arethelthlagsofP PCs(fortheactualspecification,seebelow).Also,
setuparestrictedmodelassumingthecoefficientsonthePCsarezero,

Y t = ϕc +
L∑
l=1

ϕlY t−l + εr,t.

Nowtheideaistocompareforecasterrorsofbothmodels:IfthePCsmatterin
forecastingY t,theforecastsshouldbesignificantlydifferentforbothmodels.Sowe
splitthesampleintoT − H pseudoin-sampleperiodsandH pseudoout-of-sample
periods.Thenweobtainthe(recursiveone-step-ahead)forecasterrorofbothmodels
fortheH periods:

uf,t = Y t − Ŷ f,t

ur,t = Y t − Ŷ r,t.

GCfollowtheunivariateimplementationofthetestbyHarveyetal.(1998)indefin-
ingnoGrangercausalityaszerocorrelationbetweenur,t andur,t − uf,t,i.e.whether

ur,t = λ(ur,t − uf,t) + et (8)
hasλ = 0 (seeGCp.4).Alikelihoodratiotestwiththestatistic

Reg= H (log(|u′rur|)− log(|ê′ê|)) ,
wherêe istheestimatedresidualfrom(8),willrejectthenullofnoGrangercausality
(H0 : λ = 0)ifRegisverylarge.39

As“thelimitingdistributionofthemultivariateout-of-sampletestsunderthenull
39Thep-valueofthetestwouldbegivenbythecdfofthestatisticRegattheχ2 distributionwithPtimesthenumberoflags(P · L)degreesoffreedom(thedofsaregivenbythedifferenceindofsofthefullandrestrictedVAR).However,seethenotesonthebootstrapbelow.
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hypothesisofnoGrangercausalityisunknown”(GC,p.16),wehavetoresorttoa
bootstrapprocedurelikeGC:“Thepercentageofbootstrapstatisticsexceedingthetest
statisticcomputedfromtheobservedtimeseriesisanapproximationofthep-value.”
(GC,ibid.)

Wechoosethefollowingsetupforourtestingprocedure:LikeFG,welettheAkaike
InformationCriterion(AIC)decideonthelaglengthoftheVAR.40Weinclude2deter-
ministicregressors(constantandlineartrend)asinourmainVARspecification.LikeFG,
wereportthep-valuesofthetestforthenumberoffactorsincludedintothesystem
P = {4, 6, 8, 10},forecasthorizonsofH = {24, 48, 68} and500bootstrapreplications
fortheteststatistics.41Thecorrespondingp-valuesaresummarisedinTable4–thenull
ofnoGrangercausalityisneverrejectedatthe5%,andjustonceatthe10%significance
level.Wethusconcludethatourfour-variableVARsystemisinformationallysufficient.

Table4:p-valuesoftheForni-Gambetti(2014)testforinformationalsufficiency
P = 4 P = 6 P = 8 P = 10

H = 24 0.3280 0.1180 0.4220 0.6740
H = 48 0.3460 0.9940 0.8200 0.060
H = 68 0.3760 0.8180 0.5800 0.5980
Notes:H0 : noGrangercausality(i.e.VARisinfor-mationallysufficient);lagschosenbytheAkaikeIn-formationCriterion.

DResponsestoRecursivelyIdentifiedShocks
WhenweuseasimplerecursiveidentificationschemewiththeorderingYt = [IPt,CPIt,FFRt]

′,
whereFFRt isthefederalfundsrate(Figure13),weobtainthecounter-intuitivere-
sponsesreportedinBC.

40TheAICconsistentlychoosesonelag.Ifinsteadwewanttouse12lagsforourVAR,werunintodegree-of-freedomproblemswhenincludingmorethanP = 4 factorsorchoosingaforecasthorizonof
H > 24.However,inasettingofP = 4 andH = 24 thetestagainfailstorejectfundamentalness(thep-valueis0.5980).41FGuseH = 80 fortheir(simulated)VARof200periods(footnote6onp.131),andwescaledownthemaximalH inlinewiththesmallernumberofperiods(172forouranalysis).
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Figure13:IRFsfromaRecursivelyIdentifiedShock
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Notes:Responsesoflog(IPt),log(CPIt),andtheFederalFundsRatetoa10basispointcontrac-tionaryshock,identifiedviathelowertriangularrestrictionofChristianoetal.(1996).Theme-dianresponseandconfidenceintervalswereobtainedfrombootstrappingtheVAR500times,thegraphdepictsthelatterat90%(red)and75%(blueshadow)significancelevels.

E Commoditypricestocontrolforinflationexpectations
Christianoetal.(1996)suggesttoincludecommodityprices,whicharestrongpredictors
offutureinflation,intoVARstocorrectforforward-lookingmonetarypolicy.Wethus
includecommodityprices(orderedfirstintheVAR)toseewhetherthisisaviableal-
ternativetoorthogonalisingshockswithrespecttoGreenbookdata.Commodityprices
haveanotableeffect:ThereactionofIPtotheactionshockisnolongersignificantly
positiveandthepricepuzzleisreducedforthisshock.Oncemore,onlyourcommunica-
tionshockshowsasignificantcontractiononIPandno(highly)significantpricepuzzle.
WethusfindourmainfindingsrobusttousingcommoditypricesinsteadofGreenbook
forecasts.42

42Thapar(2008)arguesthatinternalFedGreenbookforecastsshouldstrictlydominatecommoditypricesasameanstocontrolforcentral-bankexpectationsandthustoresolveapricepuzzle.Wefindthatbothmethodsresolvethepricepuzzleforourcommunicationshock,butfailtodosofortheactionshock.
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Figure14:ImpulseResponsesoflog(IPt)andlog(CPIt) inaVARwithCommodityPrices
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Notes:Impulseresponsesfromourfive-variableVAR,includingcommoditypriceslog(PCOMMt),log(IPt),log(CPIt)andthecumulatedactionandcommunicationshockseriesnotorthogonalisedtoGreenbookforecasts,S̃A
t andS̃C

t .Themedianresponseandconfidenceintervalswereob-tainedfrombootstrappingtheVAR500times,thegraphdepictsthelatterat90%(red)and75%(blueshadow)significancelevels.Responsesareshowntoa10basispointpositiveshocktotheanticipatedpolicyrate.

F FurtherResultsfromourEurodollarsAnalysis
F.1 Forecast-ErrorVarianceDecomposition
Weexamineforecast-errorvariancedecompositionsofthecontributionofourEurodollar-
derivedshockstomovementsinmacrovariables,whicharedisplayedforthe12,18,24
and36monthhorizonsinTable5.Wecharteconomicallysignificantdifferencesbe-
tweenthecontributionsofshocksaccordingtotheirhorizon,withthefurtherforward
Eurodollarshockstypicallyhavingalargercontribution.Ingeneral,movementsinthe
medium-termEDcommunicationshockhaveaparticularlystrongforecastingpower
relativetotheothertwocommunicationshocks.
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Table5:Forecast-ErrorVarianceDecompositionatBusinessCycleFrequencyHorizon(months) IP CPI SNED
t SMED

t SFED
t

IPt

12 0.87 0.11 0.01 0.00 0.0118 0.71 0.25 0.00 0.01 0.0324 0.61 0.32 0.00 0.02 0.0536 0.54 0.35 0.01 0.02 0.08

CPIt
12 0.06 0.83 0.02 0.04 0.0518 0.05 0.67 0.03 0.12 0.1324 0.04 0.51 0.05 0.18 0.2136 0.03 0.33 0.04 0.27 0.32

Notes:Contributionofourshockstoaforecast-errorvariancedecom-positionofIPandCPIatthe12,18,24and36monthhorizonsfromourbaselinefive-variableEurodollarVAR.Theidentifiedthree(non-
purged)shocksareẼD

j
t , j ∈ {4, 8, 12}.”IP”and”CPI”shocksarenotidentified.

F.2 HistoricalDecompositionsfortheEurodollarSpecification
HereweshowtheresultsofhistoricaldecompositionsofourEDfuturesanalysisfor
bothindustrialproductionandprices,mentionedinSection4above(Figure15).
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Figure15:HistoricalDecompositionoflog(IPt)andlog(CPIt)withEurodollarShocks
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Notes:Historicaldecompositionoflog(CPIt) inourfive-variableVAR,includingthevariables
log(IPt) andlog(CPIt) andthree(non-purged)cumulatedshockseries∆ẼD

(j)
t ,j ∈ {4, 8, 12} –callednearED,mediumEDandfarEDshockrespectively.Thebarplotsarestacked,sotheirheightabovethezero-axisrepresentsthecumulativehistoricalcontributionofourmonetaryshockstoindustrialproductionaboveitsunconditionalmean.Similarlyfortheirheightbelowthezero-axis.Wealsodisplaythefederalfundsrate(usingtheright-handscale)forreference.NBERrecessionperiodsareshownasgreyareas.
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F.3 ResultsforpurgedEDshocks(untilend-2012)
Figure16:Responsesoflog(IPt)andlog(CPIt) toEurodollarShocks

10 20 30 40

Month

-0.04

-0.02

0

0.02

IP to Near ED Shock

Lo
g 

D
ev

ia
tio

n

10 20 30 40

Month

-0.04

-0.02

0

0.02

IP to Medium ED Shock

Lo
g 

D
ev

ia
tio

n

10 20 30 40

Month

-0.04

-0.02

0

0.02

IP to Far ED Shock

Lo
g 

D
ev

ia
tio

n
10 20 30 40

Month

-5

0

5

CPI to Near ED Shock

Lo
g 

D
ev

ia
tio

n

x 10 -3

10 20 30 40

Month

-5

0

5

CPI to Medium ED Shock

Lo
g 

D
ev

ia
tio

n

x 10 -3

10 20 30 40

Month

-5

0

5

CPI to Far ED Shock

Lo
g 

D
ev

ia
tio

n

x 10 -3

Notes:Impulseresponsesfromourfive-variableVAR,includinglog(IPt),log(CPIt)andthethree
cumulatedshockseries∆ED

(j)
t ,j ∈ {4, 8, 12} –callednearED,mediumEDandfarEDshock,respectively,purgedforFedinformation.ThemedianresponseandconfidenceintervalswereobtainedfrombootstrappingtheVAR500times,thegraphdepictsthelatterat90%(red)and75%(blueshadow)significancelevels.Responsesaretoa10basispointpositiveshocktotheanticipatedpolicyrate.

F.4 RobustnessChecksfortheEurodollarSpecification
WeassesstherobustnessofourresultstodifferentselectionsofEurodollarcontracts,
namely[ED4, ED8, ED18] and[ED4, ED6, ED8].WedisplaytheIRFsinFigure17.
Resultsarequalitativelyunaffectedbyourchoices.
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Figure17:Responsesoflog(IPt)andlog(CPIt) toEurodollarShocks
Contracts4,8,18:
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G DetailsonFOMCmeetingdays
HerewereportsomedetailsonwhichFOMCannouncementswedonotconsiderto
bescheduled(andthereforedonotuseinouranalysis).Wealsocomparethesetothe
Appendix2oftheworkingpaperversionofGSS,Gürkaynaketal.(2004,GSSWPinthe
following),whichcontainsadetailedsummary(uptoMay2004).
4/18/1994. Unscheduledconferencecall;fromtheminutesfromMarch22,1994:“It
wasagreedthatthenextmeetingoftheCommitteewouldbeheldonTuesday,May17,
1994.”43GSSWPliststhisdateasan“intermeetingmove”.
10/15/1998. Unscheduledconferencecall.Fromthemeetingstatementoftheprevi-
ousmeetingonSept.29th,itisnotfullyclearwhetherthemeetingwasscheduled:“In
atelephoneconferenceheldonOctober15,1998,theCommitteemembersdiscussed
recenteconomicandfinancialdevelopmentsandtheirimplicationsformonetarypol-
icy.(...)Attheconclusionofthisdiscussion,theChairmanindicatedthathewouldin-
structtheFederalReserveBankofNewYorktolowertheintendedfederalfundsrate
by25basispoints,consistentwiththeCommittee’sdirectiveissuedatthemeetingon
September29,1998.ItwasagreedthatthenextmeetingoftheCommitteewouldbe
heldonTuesday,November17,1998.”44However,wechoosenottoconsiderthisdate
asGSSWPdeclareitan“intermeetingmove”.
1/3/2001. Unscheduledconferencecall.FromtheDecember19th(2000)FOMCmin-
utes:“Thismeetingadjournedat1:35p.m.withtheunderstandingthatthenextregularly
scheduledmeetingoftheCommitteewouldbeheldonTuesday-Wednesday,January
30-31,2001.”45

4/18/2001. Unscheduledconferencecall.FromtheMarch20thFOMCminutes:“It
wasagreedthatthenextmeetingoftheCommitteewouldbeheldonTuesday,May15,
2001.”46GSSWP:“intermeetingmove”.
9/17/2001. Unscheduledconferencecall.FromtheAugust21stFOMCminutes:“It
wasagreedthatthenextmeetingoftheCommitteewouldbeheldonTuesday,October
2,2001.”GSSWP:“intermeetingmove”.47

43https://www.federalreserve.gov/fomc/MINUTES/1994/19940322min.htm44https://www.federalreserve.gov/monetarypolicy/fomchistorical1998.htm45https://www.federalreserve.gov/fomc/minutes/20001219.htm46https://www.federalreserve.gov/fomc/minutes/20010320.htm47https://www.federalreserve.gov/fomc/minutes/20010821.htm
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8/10/2007and8/17/2007. Bothdateswereunscheduledconferencecalls.Fromthe
August7thFOMCminutes:“ItwasagreedthatthenextmeetingoftheCommittee
wouldbeheldonTuesday,September18,2007.”48

1/9/2008and1/22/2008. Unscheduledconferencecallonthe9thand22nd,but
meetingonthe30thwasscheduled.FromtheDec.11th,2007FOMCminutes:“Itwas
agreedthatthenextmeetingoftheCommitteewouldbeheldonTuesday-Wednesday,
January29-30,2008.”49

3/11/2008. Meetingonthe18th,unscheduledconferencecallonthe11th.Fromthe
Jan.30thFOMCminutes:“ItwasagreedthatthenextmeetingoftheCommitteewould
beheldonTuesday,March18,2008.”50

10/08/2008. Meetingonthe29th,unscheduledconferencecallonthe7th.Fromthe
Sept.16thFOMCminutes:“ItwasagreedthatthenextmeetingoftheCommitteewould
beheldonTuesday-Wednesday,October28-29,2008.”51
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