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A bstyackt

In this pgperwnwe examine the gotimal el ofFaantral benk activism
in a stendard madel of maetary pdicy with uncertainty;, lbaming
and strategc interactias. W e calibrate the madel usingt 7 dataand
..nd that the presence of strategc interactias betnen the aantral
bank and private egats implies that gotimality unambiguosly rec
anmends cautian in manetary policy. A n active policy desiged o
heb baming and reduce Tuture uncertainty aeaties extra\olEti Fty in
infation eqpectatias ad is detrimeantal o welere.
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1 Inbocductian

Shaud acatral bank be cautiaus aractivistin its manetary poicy? Catral
bankers anboth sides ofthel tlarticsudhasB Ender(1998) and Issing (1999 )
hae reently stiessed the pradtical impartance of this guestian. A cadamic
eananiss hae respadad o these anaarrs both by draning an estel
ished ok and by ilmmowative state ofthe art rescardn. 0 \ver thirty years
am B ranad (19 6) reoommanded caution ifthere is uncertainty esbautthe
e edls oFmaetary pdicy a resultwhidh wes ter dalleged by B ertoad
and Spacat (199 3) with the suggesstiaon thatt pdicy shauld be mare activist
snewe llam mare ebaut the key parametaers of the econamy thetway. R e
antstudies by W ielend (1998, 2000b) have synthesised and develped these
ickess.

In this pgperwe develp agumats suggssting that cautian may indesd
be the gotimal pdicy. W e argue thatan activist pdicy trarsliss intomare
\olti k intation epedtatias, Whidh cause prdblems ora aantral bark ak
tEmnpting o kep intation bw and smaoth autput fuctuatias. By bang
mare cautias, the aatral bank is able 1 dampen the voltilty in intatian
ejpaciatias and so asate a mare favourcbke emMramaentiathe aanductof
maetary poligy. T oestablish aur resultwe use a stendard manetary madel
essartially thatof B anmoand ¢ adaon (19 83), inadynamicsetiing. R okes Tor
uncartainty and kamingare aeatied by asssuming parsistantiutundoseneblke
regmes in wWhidh manetary policy hes dic erenter ects.

0 ur resuls degpad an the stralegc interactias inheratin the madel

3



which aeate a Ink betnean the activism of the canral bank and the okt |
ity of intation eqpedatias. T he voltility of epedatias reects 1 the
activism of a aantral bank because an adtiMist pdlicy praducss mae inforr
matian, hebing prvate agants 1 bam and adjust tha reqedatias Ester-
Bxdsting framenarks, by not t8kiing strategc interacians into acoount, do
not adequately spedfy the asts and bare. s ofFan activistpolioy.

T he pgper is structured as TOllons. 0 ur madel is desaibed in detal
in Section 2 and then calibrated in Sectian 3 waing enpincl estimates of
asymmetric regmes in the ¢ 7 econamies. Sectian 4 sohes the madel o
din erat assumptias ancaming canral bank behaviaur: W e Toas an howv
polides dir er dgpanding an howv the aantral bank Eles laming issues into
acoount Secian 5 aoncludes.

2 Themocel

21 Strudure ofthe ecoany

T he eaonamy is dnavacterisad by an epectatias augnatied P hilips aune
reltiaship (1) betnen intatian supnsss Yi¢ j %% and autputy, de.ned
a6 deviation fion ttad. Intatian % is assumed to be aampkEtely udarthe
antrd of the cantral barnk and is the insttumentofFmanetary polioy! 1 is
an i.i.d. auputshodk Itis assumed 1o be namally distributed with mean

1A Moning the central bank acompkete aairol over-the intatian rate abstracts fram un
crtainties rehbied o the manetary transmissian medhenism. T hese aauld be inaoxporaied
irnto the model butwould notar ectaur caandlsas.
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zero and varianee % . T he shodk itselfis undoserebe o the cantral barnk
and private agas buta sigal is dosernebke gving infamation ebaut the
amattautputshok subjectrtondse. W e de. ne the actinvism ofthe canral
bank as the exiatto vhidh itreects o the doserved sigal

Yeo  slheitdt T ®

Itis immediately dear flon eguatian (1) that volti ke intation eqoec
tatias ae prdobEnatic Tor the aatral bank IFintatian is keptdose o a
tagetten theoltilty in intation eqedatias is ttaremitied inovolati B
infation suprisss, and axrseguatly ot E autput A n altermative paicy
in Wwhidh infatian is adjusted 1o mest epectatias Wwauld reduce the prdo
b of autput Fuctuatias but aeate an exactly gopasite prdokln in ams
ofintation voltiit. To add these prdblams the aaral bark prefars ©
aductmaetary pdicy in an eMiamattwhere intation eqpedatias are
ks \ohltke

To inboduce Eaming issues we assume that the econany Gan be in a-
ther ae of tno undosenebke regmes, s¢= H arl, anrespaxding to hicgh
and bvmaretary pdicy e ectiveress. T he regme dependantparameter ¢,
aes tevale || inteaedive ad | in the innective regme. Sincee
this parameter diz ers aatss regmes thare will be ssymmetry in the e ects
of maetary pdicy an autput, dgpading an whidh is the awnent gme.
T he regmes are assumed o ollowa hidden two statell arkov swrtchingpro
s, in otherwards the eaonamy switdhes betineen periacs ofhich and o
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maetary pdicy e ectiveress. T he aonditianal prdosbi kities ofnotswitdhing
regme ie Yy = PGSe1= H Bew ) adh = P(Se1 = L k1) ateassumed
exogacss althaugh notneassari ly synmetric T he higher the prdosbi ity
ofnotswitding the lngerthe riegme is exqpected 1o st

Pt p€ 2 Pt Yt Pt+1

beliefs agentsform  outputsigna  central bank output beliefs
inflation observed chooses redised  updated
expectations inflation

Fgurel: T iming of the madel

T hetimingofthemadelis shonnin Figure 1. T hesigal can be doserved
by the cantral bank befae it makes its infatian dda but by this ime
private acats have alkieedy set thar int ation eqpectatias for the periad.
Sinccanly the aantral barkis ebke o reecttio the sigalitasates ssymmetries
and a besis Tor stebiisation actias. [T the sigal indicates a e positive
shak the aatral bank is abke 1 tidten maetary poicy accodingly to
minimise bssss. T he activsm of the carral barkis refedtied in the degree
o which itreects O the sigal ad is therefore messured by the dicerance
betneen intation Y« and intation eqpedatias Y%

T he sigal z¢ is assumed 1 be equal 1 the real autputshaodk 1 phs a
dbess@al messuramattenar''y, as de.ned by equatian (2). "¢ is assumed
be namally distributed with mean zaxo and variance ¥%-. A Iharanas are
assumead 1o be knoan and indgpendant ofthe regme so the signal extractian
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prdolEm ofthe aantral bank is T make a best estimate of the actual autput
shodk gven the sigal reEived. T he prdblem reducss © ..nding the aadi-
ticnal distribution of!  gven z¢. Equatian (3) shons its solitian, where the
signal extraction paraneter; A, isde.nedas A = %=+ %) 2

Ze= Tt e @

e >N [AzgAY] ©)

22 Ceaentral bak Ibss fuctian

T he cantral bank is assumed 1 have a perperiad quedratic Ioss TTnciaon
(@ in the absolite kel ofintation and deviatias of autput fron aregme
inariattaget bel ye, s inthe aignal B anot adm (1983) madel T he
parameter A retects the weigntplaaed by the pdicy maker an intation ver
Ss adtput deviatias from t&aget A nintaticoary biss arises in the madel
becaee at zaro intatian the cantral bark hes an incantive 1 epltthe
P hi lips aure reltiaship (1) and et ate the econamy thraugh apasitive in
tatian surprise. R atianal private agats Ully undarstand this incantive and
so epectintatian 1 be hider then zara  In ratical eqpectatias eqill
brium, the catral bank No Iohger hes an incantinve 1o et ate the econamy
butthere is abias due 1O the non zaro infation.

Le= OF iW) + AU @
2Since 1 and z have abivariate namal distributian, the solLitian is gven by standard
anditianing resuls, seell ood ¢ raybilland B aes (19 74), pp- 16-8.
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A aantral bank ks Tindian of this e is not papular with caral
bankess. Itis inaessingly agread that the solition © the prdblen of in
tatiaary biss les in irstitutiaal aranganatts whidh prevatt the aatral
bank from targeting autput bowe its natural ratle see inter ala Svassm
(2999). W e doose O rEtan te infation biss becauss it the cantral bank
tagets autputatit natural riae the anly ratical expectation Torint atian
in the madel is te intation acetitelf in arcase zaa Intatian eqec
@tios are astantad alhays eoual o the intation target. inespective ofF
the e ecliveness oFfmanetary pdicy. Tog\e a 1ok o intation eedtatias
we aasacuatly relbx the assumption oftargeting autputatits natural rate
ad assume the exdistence of an intatian biss.

23 Beleb

A tany pantin time the catral bank and private agants have beliek abaut
whetherthe econamy is in the er edlive ariner ecive maetary policy reagme.
Sine the informatian awa BEbke 1 the cantral bank and private agats is
identical there is No sape Tor ssymmetry in beliek ad the canral bark
and private eganits alnays agree upan the prdosbi ity ofbangin apartiaular
regme. T he belieb of the cantral bank when it makes its intation dvace
are the same as those ofprivalie egats When they setintation expedatias
becases even thaoudh the sigal is doservad in the meanitime the sigal an
I'ts onn says nothing ebaut the awnent regme. Itis anly vwhen thesigalis
aambined with other infomatian, notebly the intation ddcee ad realised



autput;, thatitbeacomes uselul in infermng the aunentstate of the economy.
T he ttus synmetric beliek can aanveniatly be summarised by asinge \aui-
abk pr= P(sc= H), whidh is the belef at time tthat the econamy is
amaitly in te eeectinve regme. 1fp«= 1 then thare is anpkete cartanty
that the econamy is in the e ectinve regme. Similberly, p¢= 0 implies that
te ine ective egme is aunat

24 | eaming

B eliek are notstaticin this madel T hey evole oertime as the catral bank
and private egaits lam abautwhnidh is the most ikely cumentregme. T he
edanttowhidh bamningis passible depends attically an the infomativeness
oftre actias E@en by e antralbank. Ingeneral an activistpolicy involhes
Edng actias vwhidh are mae infomatine. U nder the activist pdicy, the
atral bark reects © the new infamatian aa Bbk in it sigal ad so
s intation dace is llkely o deersigi..catly fron epectatias. W ith
a ke intation suiprise in the P hilips aune (1), itis essier O inEr the
manetary policy e ectivaness parameter and hence leam whattis the aumrent
regme. Itis this lkaming bae. tof an activst policy thathes Bd to calb
1o geater activism in aantral bank policy by B abears and Caaimano (199 4)
and B ertoahi and Spagat (199 3).
T osee howvan activistpdicy trarsliss into Bster BEaming in the macel

axsiderthedistribution ofoutputy, coditical an priarinformatian k(:%; z¢ %9
ad te stale s, Equatias (6) ad (6§ showv the distribution of autput



aditical an bang in the hidh a lowmaetary policy e ectivaess stale
respecinely.

Vediesen > N [y Gei %)+ AzghAu-] )

Vihesel > N[ Gei D+ AzgA¥%-] ©

U ndera cautiass poligy, the intation dace of the canral bank is dose
O thatepedted sotreintation supriseis varysmall i.e Ve j %5 ¥40. The
tho distributias (5) ad (6 are nearly idatical; the realisation of autput
Ve is aincst egually ikely 1 be fian ather gme and \ary ke usefil
informatian is praducsd. U nderthis pdlicy itis di¢ ault o lkkam ebaut the
e edivaness of manetary pdicy. 1N aorsst. under an activist policy the
antral bank doss suiprise prvate agais and the to distributias hae
sgi.catly drerant mears. T he eqpedied \vale of autput is diceraitin
eadh regme 59 ifthe aantral bark then makes an intatian suiprise, itan
aonpare realised autputy, With the expected \valLes oinerthe awunentstaie
oftreecnomy. Fareampk ifautputs silldose torerd even aftera brge
pasitive intation suprise the inerence waud be thatmanetary pdicy must
amatly be iner ective.

T he et that there are anly a disaete number of states in the econamny
and thatswitthing betinean staies is exagenaus mears thatt the Tamatian of
belek takes a partiailly smpke fam. A simpk goplicatian of B ayes ruke
desaibes howvbeliek are updated an the basis ofnewinfomation. Equatian
(7) shons hovthe initial belieE p+are updated top . atthe end ofthe periad,
after the realisatian ofy,. U ndersudh B ayesian karming py. depends an the
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reltne prdoshi ity of doserving the autaome Y in the o risgmes.

p+ ptP(Ytih—;Sf H )
P PWadeser )t @ i POPVidiese L)

Pe is the gotimal inrence of the aumattmaetary policy e ectiveness

)

regme gven the aunat realisation of autput ad the autputsigal T he
antral bank is hence abke 1 make a predidian py ;. ofvnidh regme will
apply in the nextpeariad by tBking acoountof the prdosbi ity that there will
be a regme shift at the begning of the next periad. In equatian 8) the
predictian is alultied ss avnwadited aerage ofthe prdosbi ity ofremaning
in the hidh e ecliveness regme and the prdoabi ity of switching aut of the
bwe edivaness regme.

Pe1= Peky + @ ip)A &%) ®)

Equatias (7) and @), combined wirth the namal distributias (5) and (§
Ty, gvean ineareguation () Tarypdating beliek. U pdated beliek are
aftnction ofthe aumatbelief the intation suprise the sigal ad realised
autput B (¢ represats the B ayesian goerator madi..ed 1o teke acoout of
I arkosswitding er ects.

= - -
1 Yy Gu%PiAze 1 va L GarDiAzg

2 3
by pe'? + @ik ipee'?

ilayti_H (‘/Ati%eI?iAZt 2 i;_LJ)ﬁti_L(‘/éti%eﬁiAzt 2
2 ST = 2 XD
Pe ° + (1 ipoe °

B(elhe i ¥ ze Yo @)

Pe1 =
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25 R atiadal expectatias ecul ibrmum

P mate agaits are assumead 1o be Tully ratianal when making tharepecia
tion of tre intation e 4 aooding o the de.nition of ratiaal expeda
tias equiibrium these epedatias hae © be asistEatwith the actial
behaviaurofthe aatral bank. In Figure 1 the intatian eqoedtatias famed
ex ate before the dosernatian of the sigal must be egal © the aerae
infation dhrace made ex post by the canral berk 1.e. intation epedatias
hae tosatisfy ecuatian (10), where’,“(¢is the intatian dxace ofthe pdicy
makergven pg %% ad z¢

R
PN TR (o Tt (10)

3 Calbration

T he madel shaud be calibrated ata frecpency that retects howvoflen man
etary pdicy dadsias are macke. In realty the stancee oFmanetary pdlicy is
revened regubarly by the aantral bank so a natural ddce is 1o make the

macel mathly2 T ebke 1 shons aurbeseline calibratian.
3In reality, mathly (and even quarterly) intation data are rather ndsy and - fiam

addae ariasbke H oneer;, aur andlaas still remain vald in a mare aanmpliex model
in which the antral bank sets mathly intarest ratess and the maetary trarsmissian
mednaniam is madelked eplidtly.
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Paametex Vale
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Tabk 1: B ascline calibrated \valles

T he ..1st..\e parametass in T abk 3 are dosan an the besis oF enpin-
al estimatian of the macel orthe ¢ 7 cauntries Tr1980:1 ©1998:24 The

sampke periad waes dasan o add identifing the 19 70s as a camman do
sereblke rmgme ohvolti E shodss aatss all cauntries. Calibrated \alues of

w = 3ad | = 0 5imply tata 0.1l percaitege pantirtatian surprise
4Estimatian resuls are presariied in ppendix i . W e emply a structural vedtor au
toragessian (SVA R) gopraach in all adkorswitthingaoitext The s rieparted are in
the range of the estimated impacter ects ofinfatian surprises aatss el 7 eaonaniesin

periack ofFhich and lbwmanetary policy e ectiveness. Formare detal b of this gppraach
s Ehmann, Elisan and V alla (2000).
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keds O matthly autputbang 0.3% ar0.05% aboe ttaxd dgpading an
the amentmaetary policy e ectiveness regme. |n otherwnwards, the autputt
a ectofan intation suprise is six imes higherywhen manetary pdlicy is ef
e R egmes are calibrated o be synmetrically pasistant apasistace
parameter of; = 0 975 mears that the aerage duration ofeedh regme is
1=1 §0975) = 40 matts. T he standard deviation of autputshodss, %, is
setin the range of estimated valLes.

T he..nal. \epaaneters inT ebke 1 arnotbe estimated directly fron the
data. In the beseline calibration we sety”, the targetforthe el of autput
eboe trad 1o be equal © ae standard deviation of the autput shodk but
perfom sasitivity analysis Trasstonalbes y 2 1 9150 91;0 90 5. Sinae
V7 is logartthmic these vallies conespad © target bwek for autput eboe
trad oF 0.5% , 1% ad 15% respectivel. A reteds the wadght that the
atral bank pleass an intatian as qopased o autputdaviatias from t&aget
W e hae clibraied this parameter so that the aerage infation dxaa of
the passive lEaming aatral bank anespacs  a matthly infation rae
of0.2% . T he signal extraction parameter; A, is di¢ ault 1 calibrate sowe
tHe arange of paamnetas A 2 B 5,0 7. T he standard deviation of the
messuremantenar; %, is setto matdh the signal extraction parameter: T he
discount ey £, implies aquarterly discountrate of 1% .

Sasitivity analysis an the parametars Y and A did notyield qualitatively
din erat behaviaur of the mackel H enceforth we anly iepart resulis for e

bescline calibratian’®
5D etai b of other results are avei BbE flam the authars an reguest
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4 R esults

W e analyse the madel under eno diz erentassumptias ebauthovthe catral
bank tBkes baming issues into acoount U nder the pessive barming policy
the aatral bank lEaims but makes Nno aasdas e art o adjustits poldes
W aectthe spesd atvnidh it ars. T his policy serves as abendmarkin
which the caral bank learrs buttdoes notttake into accountthatits aunant
actias a ect uture bae. s ad Issss through kEaming In aonisst, with
the active laming policy the aantral bank Tl intemalisss the e ects ofits
actias an kaming. W e reer o this lterss the gotimal pdicy®

W e begn by de.ning abendmark the Ll infomatian policy in Wnidh
the aantral bank and privalie agents alnays knowv the true staike of the eant
any. Inthis econamy there is no ke Tarbeliek ar Eaming

41 FRull iniomation berdmarkk

T he ullinformatian bend markkwoul be Tolloned by the caral bank i fFthe
e stake of the econany wes alnays knonn with aartainty. U nder these
aditias the catral bank minimisss the eqpected koss eedh periad subject
o the knonn P hilips ane

ST he paligy is gotimal in the absenae ofacommitment-tednology by whidh the cantral
bank can sohe the time inaasistency prdblam.
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mirk & 7€
JrE(Ledl 2650 .
st Y= _st(l/“til/“e1')+ 1t
B y substituting the P hilips aure into the kss Tunctian the prdolem aan

be vattien as eguation (12).

__E  _ _ .=
mirEe O i o Ge i) i1 + Lekise 12)
T he aly stodestic \variebk in this epressian is the autputshodk 1 .
H ene we an wse the aaditical distributian 1 (e > N [AzgA%.] fiam
eguatian (3) ad then Eke the ... 1Ist ader aanditian Tor kss minimisatian
(13) odane the gotimal catral bank pdlicy (14) Torgven:§; zeand se

d
— E(Ldi¥z6s0) = 0 a3
0 Ye
- -

hes O i Az)+ 0% (€2)
sct A set A

P mate agaits take eqaectatias of (14) o fom thar raticnal epedia
tas ofintatian (15), whidh furtherimplies that the raticnal eqpediatias
ecui ibrium Bel ofintatian is gven by equatiaon (16.

1€
/4t

— yd
= ul (15)
—2

Yoo = Wy ﬁAZt (€3S)
st

sy
A
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A aooding o equatian (15) the infatios epedatias of pmate acats
directly Ol the state of the econany. Bpedatias are exactly egual
the intatianary biss assodated with the aunent riegme %4, in the high and
%! in e bwve ectiveness regme where s, > %! .

Eqgation (16 shons that intation arsists of a systanatic ampaait
Gotured by expedatias and a inear reection o the dosened sigalze. T he
edant o whidh the aaral bank reects 1o the sigal dgpacs an the stale
sy thesignal extiaction parameterA, and its disteste Trint ation parameter
A. T he antral bark is mae adtive in respading 1o the sigal ifitis in
e e eclive maetary policy regme ifthe sigal is a good predicirof the
autputshok arifthe disteste Torintatian is b

42 P assive lkbeaming policy

T he passive laming paicy gotimally acoounts for aunant uncartainty but
Bk 1 aale that eedied TUtire bsses an be ar ected by adjusting aur
rent pdicy adias; kbaming is igxaed. Sinee lkaming ad the ypdating
ofbeliek are the anly sauree ofF dynamics in the madkel the prdblem of the
passive kaming cantral bank reducss o thatofminimising the eqpected ae
periad bss nction eech periad subjectotheP hilips aure. Itis shoanin
eqpuatian (17).

T he pradblam of the passive laming cantral barkis identical © the Tl
information prablem exapt that the state s is unknonn. Equatian (18)
shons thattthe epecied ae pariad Iss is avnaghted average ofthe expected
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Issss anditianal an the true state of the eaonomy.

mIrE(Le¥ePo

an
St Y= lhei%Dt T¢
i ptEtE(y]i_ Cie i %D ilt)z'*'Al/“z?/e-z- ; -HO g
min g " e a. (18)

A EPOE O i e it it AN vpgesel
SoMing the minimisatian prdolkem of the aarall bark gves the passive
lkaming polioy in wWhnidh infatian is dhosan accoding o equatian (19 ).

pey + L ipo L , pey+ Qiapd L e
Yyg= _ 5 A Y, 1
Ny @apy Lt A VT e s A @)

Equatias (20) ad (21) daraderise ratiaal eectatias eoui ibrium
uderthis poicy.

pediy + (L i po¥iL (20)
—2 - —
Pri* QaPd L 4, o)
Pepy + Qiapo L+ A

Intation eqectatias gven by equation (20) are awadited aerace of
the infation biasss that preval ed under the Tl inkomation polio. T he
greaierthe prdoebi ity assigned 1o the er eclive regme the higheris expected
infation. T he infatian ddcee of the aatral bark in equatian (21) acain
aomprisss a systematic aampaait and a inear reedian 1o the dosened

1€
/4t

e i

i’
e

sgualze H onever; itnowis the inferred riegme prdoebi kties, peadl j§ pe
that determine howv actively the aantral bank respands 1o shodss.
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B eliek p+ abaut the aunantstate of the econany haae toerectls an e
behaiauroftheeconany. they ar ectepedtatias di rectly through eguatian
(20) ad hase implicatias Torthe size of surprises since they gppearin the
reection o the sigal in equatian (21).

Figure2 shons eqoedied intatian and the int atian dhdass mace by apas
se lkaming antral bark in the calibrated econany; as a functian of prior
belieE and the sigal doserved. T he aantral ine shons infatian epedta
tas whidh are egual o the intation dxace made by the cantral bank after
doservinga zaxo sigal T he yoper re is the respase 1 a ae standad

deviation necatinve sigal z = §%,, ad the loner ineis Tra ae standad
deviation pasitive sigal z = +%,. T he vertical distance betnaan the upper
and bner ines messurss the degee 1o whidh the aatral bank reedcts o is
sgal oragven prarbelief

T he..guare reveak that, in the calibrated eaconamy; dengess inbeliek hae
asigi..ate ectan baoth int ation eqpedatias and the exienttownwnidh the
atral bark reects O the dosernved sigal  Inaessad beliefin the e ective
manetary pdicy regme is assodated with higher intation eqpedtatias and
astrager reection o thesigal T his is true Trawice range ofaliematine
clbratias.
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Foure2: Intation eedatias ad intatian dxaas uderthe passive
kaming pdicy

A haugh the passive lEaming policy igaes kamingissues, this does not
meen that there is no leEaming in the eaonamy. 0 verime privete agats ad
the cantral bank do remEie infamatian Whidh helps them o inerthe staie
ofthe econamy. P mwate agents and the aanrall bank lam and ypdate thar
belieb with aasiderable saophisticatian, as disaussaed inSectian 2 3. Equatian
(0) summarising the synmetric B ayesian updating procsss is nan inear so
smulatias are nesded O gain an insidtinto the dynamic bedhaviaur ofthe
eaonany. Tabk 2 shons same stylisad fots calaubatied an the basis of 1000
smulatias of the calibrated eaonamy; eadh ofF250 periacs. In the &bk %
represaTis staendard deviation.
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P assive lEming

policy
Intatian Yoy, 043l
0 utput %y 0 844
B elieb % 0258
Expetatias Yy 007
Suiprises Yoyje 0409
W eliare bss L 2215

T abke2: Stylised s of the passive baming pdicy

T he dynamicsmulatias reveal thatintatian is more ol E then ather
infation expectatias arintatian sumprisss. Indeed sinee by de. nitianinta
tanis egual o the sum offts eqpected and unexpectied campanants, infatian
\oHti ity is due 1o \vo'ti ity in both eqpedtatias and surprsss and tharao
ariane. A simplei | 0VA  analysis sugests thatgpprodmately 25% ofthe
volti ity in intatian can be attributed © Vol Ity in intation epedatias
and 75% tovoltikty in intatian surprisss.’

T he ..nal owof T abke 2 shons the average per-pariad welixe Ioss calar
Bied acooding o equatian (4).

s nalysis ofvariance (4 || 0 VA ) in this cese is equivalant o calaulating the goodness:
of..tmessure R 2 in the near regressian madel Ve = &i§+ "% SiNER2 = 0234 we
andlce that variatias in intation expectatias %$ expln goprodmately 25% of the

\ariatian in intatian Yie.
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43 A ctive kEaming policy

T hewark of B ertoathi and Spagat (19 9 3) and B alhers and Casimano (199 4)
sugssts that the passive lbarming pdlicy is subgotimal T hey dam thata
antral bank shauld be mare activistini'ss respase o the dsenad sigalbe
caee this providss \alisbke infamatian sbautthe state of theeconony? By
bangmare activist the catral barnk learms mare quidkly abaut the econamny
and sois betterabke o stabi ise autputshaodss in the Tutre. T his algument
was meack recently by W ieland (199 8, 2000b) in the aotextofa caral bank
kaming the natural unemplbymant rate ar BEaming whether the manetary
policy trarsmissian medhenism dnanged aftert erman reuni..cation.

T oassess this argumantin curmaocel with strateg cinteractians Wwe derve
the adive lbaming padlicy in whidh the aantral benk takes all lEaming into
acount T he adinve lkarming pdlicy intemalisss the impact of aantral bank
actias an kEaming by incaparating the lEaming arstrants in the dynamic
bss minimisatian prdblem (22). T he aantral bark intermalisss bath its onn
baming and that of pivate agats throuch equatian ) of Sectian 2.3. In
addtiaon, itintemalsss the asaguencss of kaming by private agaits Tor
fture irtation epedatias ie %5, = %% (1), aakgos 1 eguatian
(20) in the passive lbEaming Gese. T he pradblem beaames intertenmporal sinee
Uture belek and infation exqpedatias both dgpad an aunentactias.

¢ In the lEaming erature this behaviauris knoan as experimentatian orprddng
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Lizke]

n=0

St
Ye = Hei %D+ T 22)
Pe1 = B@elheifezZeyw
1/4-e&1 = 1/4?&1@&1)

T his prdolem hes a reaursive nature so the active kaming paicy must
satisfy the B ellman equatian (23).

£ o]
V(pezeh) = n]/dirEt LOehezZe%9+ 2V (Pe1:Ze 1 %% 1) 23

\ odosed fam analyticalsolLition exdsts tothis prdblem. H onever; W ielad
(20008) shons hovva standard dynamic programming algottm can be used
todotain anumearical solution o the B ellman eguatian and an gpprodmatian
o the active kEaming poic//

' SinceB dwnell’s sut dency aonditias aresatis. ed forthis dless ofprablem, seeKieker
and |l yarko (1989), itis passibe © de.ne a aatradiian mapping which anvergss o a

unigue . x&d pdnt H encs repeated iteratias overthe B ellman ecuation will anverge 1o
testaticary gotimal pdicy and assodated valle Tunction. Furtherdetal b ofthe soluitian

tTednique gopearink ppendixi .
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Fgure 3 shons the adtive ad passive lbearming palides. In the..guare the
intation eqedtatias assadated with eech bellefare su¢ dently dose under
e tho pdides that anly those of the passive baming pdicy are shonn.
H oneer; thereis amarked dic erance in the degree ofactivism ofthe aantral
bank 1N aatisst o the passive kaming poigy, the active baming intatian
dxaass are dsartoepediatias. |n otherwards, the cantral bank’s reectian
1O the doserned sigal is muted. T he adctinve laming aatral benkeris mae
cautias than its passive lEaming aunterpart

T he lagsst deviatiaon betineen the tho polides aoaurs atp¢= 0 5 whare
uncertainty is atits greatest Farbelieb doser o certaintyy the potatial for
lkaming by bath the aatral bank and private agats is ks so the predse
way the cantral bank takes lEarming into accountbeaomes Ess impoartantad
e adive baming policy gppraades the passive Elamming ae. In gaaal
there is No reesn 1 eact synmetry in the deviatias betneen the tho
polides because the Iss TUncian is gquedratic in the ek of intatian and
autput H onever; in this calibration the deviatias are alncstsymmetric so
intatian eqpediatias are aimastidattical undarthe tho polides.
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Figare 3 Intation eqoedatias ad intatian dyaas uder the active
kaming poicy

T he dynamic prgperties of the active and passive lbarming polides are
aonpared in Tabk 3. U nderthe active kaming pdlicy the ot ity ofin
tatiaon suprisss naturally Bl as the aantral bank beaomes mare cautias.
T his deaeese in voHti Ity is generated by the cantral bark 1o dampen the
udesireble volti ity in intation expectatias of the private sector: Inded,
the \oHti Ity of intation eqectatias abko Blk. T he pdicy of an actinvely
kEaming antral bank therefae reducs the ottty of irtation both di-
rectly thrauch the okt kit of surprises and indi rectly thraugh the volti ity
ofepectatias.

25



Passive Eaiming A cive lbklaaming

policy policy
Intation Yoy 043 0995
0 utput %y 0 844 0887
B eliek %o 0258 0205
Bpedtalias Yy 092 0956
Sumprisss Yy 0409 007
W elBrelss L 2215 2213

Tabk 3 Stylsed s of the actinve lbarming policy

T he deaessad \oHti Ity of infatiaon hes a pasitive e ect an welfre at
aly te ast of a small inaesse In autput tuctuatias. T he ..nal row of
T abke 3 shons that the aerace welire Isss Bl with cautian, despite rising
autput\voltiit, T he reltively small welere gain of active kaming retects
the £t that the asts and bae. s of adtiviam in this clibration alncst
eadly o sst ae another and the passive larming pdlicy is goprodmately
gotimal

5 CadisEas
W e begen this paper by asking whether a catral bank shauld be cautiass

ar ctinve in is maetary pdicy. 0 ur madel sugoests further reesas Wy
Gautian may be the conectaswer. T he presance of strategc interactias
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in the econamy qusstias the dam that the cartral bank shauld oo an
activistpolicy. 0 n the antraxy; itmay be gotimal Tora aatral bark to do
the gopaite and become mae cautias.

T he prdolem with the activstpdigyis thatitinduass additicalvolati ity
iNnto the infatiaon epediatias ofprivate agais. T he rise in the volati ity of
infation itelfis thaefe mae pronaunad; it risss due o mae voat ity
in bath suprises and eediatias. FHan a kbaming paspective ot ke
surprisss are infomative but Vot ke epedtatias gwe no bere. ts. T his
additical astassodated with the extira volti ity in intation eqectatias
aunteracss the Gl Tor geater activism madke by authars sudh as B ertoad
and Spagat(19 9 3), B abers and Caimano (199 4) andW ieland (199 8, 2000b).
T he resuls ofaursasitivity analysis suggsstthatthe addi tianal astactually
dominaties Torawide range of parameter\alles so activistpolicy is unlikely
10 be welfexe improing.
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A Bstimation ad clibration of tthe mocel
Al Estimatian

W e use the structural vedtor autoregressian (SVA R ) gppraadh in all arkows
switdhingaotext Inastandard SVA R the structiural fom ofthe econamy is
recoared by impasing idatifing restricias an the moing asrace repre
sentation of an unrestricied vector autaregressian. 0 urr §Zo stage procsdure
is oalbwtrll atorsartchingin the estimatian of the unrestricted vector
autoegessian and then Toreedh riegme sgparatelyy impose restricias an
the moving aerace ipresentation alulBied. Ve are thus eble o trace aut
the impuke respase Tindias anespading 1 the e ects of indamental
shadss ineedh regme.

In stece 1 we estimate the unresstricied vedior autoregressian in eua
tian ¢ 1). Thell Sk H )VA RX (p) sped..catian shoan wes dhosen o al
bwvsmultaneas !l arkor switdhes in the autoregessive paraneters and the
\aranae wariance matiix. A synmetry in the impact er ects of maetaxy
policy w llbe retedted in aswrtch in the variance-coariance matimx Wheress
dynamic assymmetry wi ll snitch the autoregressive parametars. T he dxaace
ofa 2- egme madel wes made Tor arsistency with aur theaetical analysis.

¢ ) ¢ _ . .
l(tl/zz)f = I:II;L + Au(so 'Efll + o Ay(S) "31/432311 it 1221:
i, ¢ ¢ .1

Var ezl = - (St)
In stege 2, we e the Q ueh and Vahey (1995) procsdure O identify

infation surprisss by the riesstrician that, whi Bt they may hae a kg run
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a ataintatian theyhaeno bng rune ectan autput Inacotisst, autput
shodss may have bng run e ects an bath intatian and autput

Faraur estimatiaon we used quarterly data from 1980:1 ©1998:2 forthe
6 7 cauttries, exdludingt emany® D atawere tken fron el ECD Statis
tical Canpendium, autputbeing proded by an index ofdomestic indLstrial
production ad intatian messured by the rate of dange in the casumer
price index. A n exagaass trend was induded in the vedtor autoregressian
o asue saticaity of the dpendatvariebls, paricubrly irntation. A f
ter sane epaimatatian, a anman g bBgth of ae Tor autput gronth
and to Torintation wes aaapted as gving dearly de. ned regmes in eedh
auntry. A Il esimatias were perfomed wsing the Il svar padege Tor0 X
2.10. R esults are ieparted inTebkeh 1.1

P ersistance Impacterect 0 utputshods

) ) oy oy Y,
/ZH /2L IO e L 42

Us 082 090 138 066 09055
UK 089 094 107 037 09084
Face 088 087 085 08 09091
taly 097 190 106 026 00184
Jgpan 090 006 094 013 09118
Caeca 0392 089 113 014 09124

105 ermany wes exdudsd because of pradblams due 1o reuni. cation aoauning in the

middie ofthe sample periad.
1) il analysis of the estimatian resullts is beyad the sagpe of this gppendix.
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Tabkh 1. Estimated regme pasistancs impacter ects ad standad
deviation of autput shods

The ..iIst o comrs of Tabk A 1 show that the estimated regmes
are highly pasisiait A n aerage guarterly prdosbi ity of remaning in any
regme ofl 9 trarsbies into an eqpecied regme duration of 10 guarters, i.e
wo ad ahalfyears. 1taly and 1O same extant Jgpan gopear 1o be autliers
in &ams of parsistaxe. T he next tho collmins igport rumerical esimates
of the impact e ectofan intatian suprise. T he ..nal column of T abkeh 1
Igparts estimaies of the stendard enars ofthe idaniti. ed autputshodss.

Figareh .1 shons auridenti..ed impulkse respase Endias.!? Eadhaan
y’s parel shons the respase ofthe el ofautputtoaane percatecge pant
intfation suprise. T he panek revaal evidane ofFssymmetry in the er ects of
intation surprisess in all six cauttries. Farall coutries ecagptthe U S the
pattemn is vary simiar: in the er ective Iiegme a ae pacatiece pantinta
o suprise inaessss adtputimmediately 1% aboe trad. T his enect
pesks after ae quarter and then siondly dies anay. In the iner ective regme
there is oy asmall pasitive impacter ectan autput

12 Estimates of the standard enrar bancs are anitied for clrity,. P audty of data, a
1otal of 74 doservatias meaning that there are anlly abaut 37 dosenvatias per regme
inavitebly keds towide standard enmarbands in any cese.
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A 2 Calibratiaon

Tabkh 2 shons the calibratias implied by auresimatian. T he transtam
fraon aur guarterly estimates 1t mathly parametervalles is not tinal be

AL Ye is a bel de.ned s the Iogarttim of autput deviation fron trad
whi kB is the rate oFdange in prass.

Q uarterly I athly
albration Galibratian

P arameter

y 1 3
L 0167 05
b, 09 0975
, 09 0975
Yo 091 091
Yz 09033 09033
A 05 075
Va 091 091
A 1 9

+ 099 0997

Tabkl 2: D aiation of the caalibrated \valles



B N umencalgoprodamationofte active Eaam
ing policy

A N goproamatian of the active learming pdlicy is alaulted by soving the
B ellman equatian (23) rumerically. To do this itis necssary 1O dotan
epressias Torthe eqoected ae periad bss, Ed ad the exqpected aaiin
uation\ale Ey 1 Toragven intation dxacli« T he Tameris de.ned by
eqLatian (4) and the Ettercan be witien as equatian (¢ .2), inwvhidh future
beleE p+ 1, have bean replacad by the non inear updating equatian ().

Ede1= BV GQehyzZete Y0iZe 1: %% 1) ¢ 2

T he eqrectatian in (¢ .2) hes 1© be evaluated by the aantral bank before
the realisation of both anent autput, y,, ad the signal of next periad’s
autputshok zy ;- H ence befae setting aunatintatian, the aantral bank
must aloulte the dabk integral in equatian (¢ .3).-

RR —
EN& 1= v 03 (pﬁ- %?t;zf;l/“f;yt);zt 1;1/4?& 1)f(yt pt'%%zt'%t)f(zt l)d y@ Zg: 1
¢ 3
T(ze 1) Is the distributian ofFz 1 and TP %% Ze 1) IS the predicine
distribution ofye. T hardistributias are indgpadat, a namal and amix



ture ofnomak respectinvely as desaibed by equatias (¢ 4 ad (¢ 5).

T(Ze1)
f(Yt_pf;%%zf;%t)

N [03%] ¢ 4
P [y Gei%d+ Azg¥ha (1 §A)]

tQapoN [LGei%+ Azl §A)] ¢ 5)

0 ur amputatical algxithm begns by de.ning a gid of pants in the
state oae (z9- T he gid pdnts ©or beleE, py are plbod unifomly
oertre interal [0 ;1] wharess grid pants for the autputshok sigal z,,
are bunded araund the mean acoording 1O a asine wadgiting functian ©
inareese acaureny. A teadh ghd pantwe assign an infation dxace ¢ anda
vable orthevale findian V4 wsingas staring\valles egu ibrium intation
dxdass ofa passive laming cantral bank from equatian (21) and the presant
discounted \alLe of the assodated eqpected ane periad bss (4).

0 neiteratian ofthe B ellman eguatian is adhieved by passing throuch the
gid pdnkbypant A teadh gidhbant the infation ddee is reabubied
by minimising the rigthand sice of equatian (23), using equation (4) or
the expected ae periad Ioss and equatias (¢ 2) © (¢ 5) Torthe eqected
antinuatian valLe. | umerical evalation of the epected aatinuatian \vale
reles an 6 assian Q uadrature methods 1o gpprodmate the dabke integral
ineguatian ¢ .3) ad inearintexpolation of adjacattgrid pants bevalate
theale findian atained within the integral 0 nee anewintation dace
is alubBied anew.« ad Ve are assiged 1 the giid pdnt A n iteratian
of the B ellnan eguatian is aampketed when tre infation ddace ad vale
functian have been updated Toreadh grid pant
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R gpeating the aboe procdure o iterate the \valle Tndian aonvergess
the adtive Bammingpdiicy. 0 veragid of10 £10 pants, we ce.ne thevale
TUnctiaon as aanverged hen thevalues assoadated with eedh grid pantdence
by kss than 0.0001 oersuaesssive iteratias. W hen yodating the intatian
dxac we e a anvargenee tolerance of0.00001. 2 adinates are usd In
el assan Q uedrature goprodmatian ofecuation (¢ .3).

TocalulEte a ratical eqpedtatias egul ibrium we enploy asimpke iter
ative algorittm. Firstly, the intatian ddaess ofthe canral bank!: (0 %%, ;29
are alubtied Torgven inftial int atian eqedatias ¥ (09, accadingtothe
procdure desaibed aboe. In the nextstace anewsstofint ation epecta
tiasis alubted accodingtoequatian (10), ie, %5 = R%@ﬁ%%;zaf(zgd Z¢
T hese eqoectatias, 1% (), are used as the besis Torcalaulting the newin
tation daas (gt z9- T his procedure is iterated untill convergenee o
a raticnal expediatias ecui ibrium is achieved.

W e e auniform gid of 10 parits oer the state space p Trintatian
expecatias ad e starting \ales 15 fran eguatian (20), infation ex
pectatias uder the passive karming pdicy. Calulating the new infatian
epectatias 45 requres ab assan Q uedriature gpprodmatian of the in
tegal in equatian (10). Far eedh adinate of the gpprodmatian the ... 1st
epresssan insice the integral the intation dyace (), is gven by nearin
tepoation of adjacaitintation ddcss. T he secod tam, z, hes anamal
distibutian f(ze 1) = N [0;%.]- Canvargenee is acepted when the diangein
iNnfation eedatias betne iteratias is kss than 0.000001 foreech grid
pant R adinates are ussd inthe( aussian Q uedratuire gpprodmatian.
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