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Abstract

In this paper the structuralvector autorgyressve (SVAR) modelis usedto analyze
short-runandcontemporaneoulationshipdetweemmonetaryaggrgatesandother
macroeconomigariables.Thisrequiresmposingrestrictionsonthecorrelationstruc-
tureof the VAR residualsDifferentapproachesanbefollowedto senethistask.One
approachs to usethe Cholesky decompositiontogetherwith the assumptiorof are-
cursie structureof thecontemporaneouglationshipsetweerthevariables Another
approachusesthe informationgiven by the history of the variables(generalizedm-
pulseresponsdunctions). A third possibility is to adoptrestrictionsfrom economic
theory

The purposeof this paperis to investigatethe implicationsof the latter technique
in a simplemonetaryframewvork for both Germary andthe Euro area. VAR/VECM
residualsareinterpretedasdeviationsof the variablesrom their conditionalexpected
values,which arealsoanalyzedin a broadsetof theoreticalmonetarymodels. The
modelusedherebuilds uponthe framavork proposedoy McCallum (1989)with an
extensionin orderto considerthe role of privatebanksin the money supplyprocess.
The implicationsof this modelfor impulseresponsenalysisare discussedandim-
pulseresponsefor differentmodelsarecalculatecandcomparedo eachother

Keywords: Impulseresponseanalysis|S-LM-AS model,monetarypolicy, structural
vectorautorgressve (SVAR) models.
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Until 1998, monetarypolicy in Germaly wasconductedy the DeutscheBundesbankThe main
objective of the Bundesbankywhichwasgivenby § 3 Bundesbankgesetaasto guarantea stable
currengy andawell functioningmonetarysystem(circulationof money, supplyof credit). To make
this task, the Bundesbankadoptedthe conceptionof controlling a monetaryaggreatein 1975.
Thetheoreticafoundationsof this conceptiorareformedby the quantitytheoryof money andthe
assumptiorof a stablemongy demandunction. Sincestagethreeof the EconomicandMonetary
Union (EMU) hasstartedin Januaryl999,the EuropearSystemof CentralBanks(ESCB)is in
chage of thesinglemonetarypolicy in theeuroareal Theprimaryobjective of the ESCBis price
stability (definedin Article 105 of the Treaty establishingthe EuropeanCommunity’), andthe
ESCBhasadoptedatwo pillar stratgy to achiese its objective. Thesetwo pillars are”a prominent
role for money, assignalledby the announcemenf a referencevaluefor the growth of a broad
monetaryaggrejate;anda broadlybasedassessmermf the outlookfor future price developments
andtherisksto price stability in the euroareaasa whole” (ECB, 1999b,p. 46) It is important
to noticethatthe referencevalue for the growth rate of a monetaryaggreateis not a monetary
tamget. It "actsasananalyticalandpresentationaiool which constitutesanimportantbenchmark
for assessingsksto price stability” (ECB, 2000,p. 41)

The purposeof this paperis to comparethe role of monetaryaggregatesin the monetarypolicy
conceptionof the Bundesbankandin the monetarypolicy stratgy of the ESCB andto investi-
gatetheir implicationsfor the empirical analysisof monetarypolicy effects. The development
of a framewnork for monetarypolicy analysisincorporatesa trade-of betweenthe consideration
of theoreticmodelsin modernmonetaryeconomicsandthe empiricalapplicability Realisticand
sophisticatednodelsfor monetaryeconomiedave often no uniquetime seriesimplicationsthat
canbeusedin theempiricalanalysisof monetarypolicy. Thereforeijt is tried to find a framework
thatis on the one handcompatiblewith the implicationsof standardheoreticalmodels,and,on
the otherhandis simpleenoughto allow for anempiricalimplementationExpressedh thewords
of McCallum (1989, p. 201), sucha model shouldbe “(i) reasonablysimpleto work with, (i)
generallycompatiblewith the basicprinciplesof economiaheory (iii) adequatelygonsistentvith
essentiabmpiricalregularitiesconcerningmacroeconomifiuctuationsin actualeconomies.

The plan for the paperis asfollows. First, in section2, the monetarypolicy stratgjies of the
Bundesbanlandthe ESCBarecompared.Then,in section3, a modelof a monetaryeconomyin
which the money stockis determinedoy the interactionsof the centralbank, private banks,and
the public is presented.In section4, the econometriamnethodologyis explained. The empirical
implementatiorandresultsarediscussedn section5, andsection6 concludes.

2 MonetaryPolicy in Germaly andin the EuroArea

2.1 PriceStability asObjective of MonetaryPolicy

Both institutions,the Bundesbankandthe ESCB,arein chage of maintainingprice stability.® As
mentionedabove, theobjective of pricestabilityis givenby law. However, theBundesbankndthe

! Stagethreestartedwith eleven participatingcountries(EU-11: Belgium, Germary, Spain,France Ireland, Italy,
Luxemboug, theNetherlandsAustria, Portugal andFinland),Greeceenteredhethird stageof EMU on 1 January
2001(EU-12).

2 Thetreatyis availablevia internet,for exampleunderhttp://europa.eu.int.

3 |f the Bundesbanlandits monetarypolicy is referredto in this paperit is alwaysmeantthe monetarypolicy of the
Bundesbankintil 1998.
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astheobjectve of thecentralbankarera/lewedfor examplein Boflngeretal (1996)andin Issing

(2000). First, it is well known thatinflation reduceswelfare. If the rate of inflation is correctly
anticipatedthewelfarecostsof inflation originatefrom suboptimaimoney holdings(shoeleather
costs),from the necessityof price adjustmentgmenucosts),andfrom distortionaleffectsof the

tax system. If the rate of inflation is not correctly anticipated,further costsof inflation occut

Wagesand nominalinterestratesare not correctly adjustedsuchthat the allocationefficiency is

harmed,andthe incomeandwealthdistributionsare affected. Secondno corvincing or at least
no unambiguousgumentsin favor of a positive inflation rate exist. For example,the positive

effect of inflation on growth dueto a substitutioneffect from money holdingsto holdingsof real

capital proposedoy Tobin canneitherbe shavn analyticallynor empirically High andvariable
inflation ratesareincludedin long-terminterestratestogetherwith a risk premiumandincrease
thereforenvestmentosts.In modelsthatfollow Sidrauskiimoney-in-the-utility-functionmodels)
andin cash-in-adancemodels,outputdoesnot dependon the rateof inflation? In thesemodels
mone is superneutralthat is, the growth rate of mongy doesnot affect the real equilibrium?

If price and/orwagerigidities are addedto thesemodelsit is typically found that real outputis

affected by unanticipatednflation but not by anticipatedinflation. Therefore,monetarypolicy

cannotsystematicallyncreaseor stabilizereal output.

Takingtogetherthesetwo linesof agumentsthatinflation reducesvelfareandthatinflation does
not systematicallyaffect real output,givesatheoreticafoundationfor the choiceof price stability
as an objective of monetarypolicy. Combiningtheseamgumentswith the conceptualwork of
Tinbeger? aboutpolicy objectives andinstrumentdeadsto the choiceof price stability asthe
singleor primary objectve of monetarypolicy.

The objective of pricestability canbe definedin two ways: eitherasa pricelevel or asaninflation
taget. If the pricelevel is targeted,deviationsmustbe compensateth subsequenperiods. This
addspolicy inducedfluctuationsn inflation andoutputto the economybut stabilizesthelong-run
expectationsof the price level. In practice,price stability is definedasfollows: until 1984 the
Bundesbankasassumedn unavoidableinflation basedon the corviction thatinflation hasto be
reducedslowly in orderto avoid increasingunemplyment.From1984on,a“normative” increase
in the costof living index of 2% perannumhasbeeninterpretedasin line with pricestability. The
ECB definesprice stability asa yearto-yearincreasan the harmonizedndex of consumeprices
of below 2%.

2.2 Implementatiorof MonetaryPolicy in Germaly

The monetarypolicy conceptionof the Bundesbankasbeenbasedon a two-stageapproach.
Becausedhetime lagsbetweerthe occurrenceof a monetarypolicy impulseandthe obsenation
of reactionsof the relevant macroeconomiwariables,especiallyprices, are long and variable,
the Bundesbankascontrolledan intermediatetarget since 19758 The intermediatetamget has

4 Both money-in-the-utility-function modelsand cash-in-adencemodelsare extensionsof Walrasiangeneralequi-
librium modelswith completelyflexible prices.They arebroadlydiscussedor examplein Walsh(1998).

5 Superneutralitypf money is for exampledefinedin this way in BlanchardandFischer(1989,Chapter4).

6 Following Tinbergen, policymakerscanachiese the desiredlevels of targetsif the numberof independeninstru-
mentsis not lower thanthe numberof targets. For a brief andilluminating overview seeSachsandLarrain (1993,
Ch.19).

" This sectionfollows mainly DeutscheBundesbank1995). A descriptionof the conductof monetarypolicy in
Germauy is alsogivenin Brand(2001).

8 Seefor example Friedman(1990) or Walsh (1998) for the theoreticalfoundationsof choosingan intermediate
target.
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requiredreseresat constantequiredresene ratesof 1974)until 1987andM3 (curreng in circu-
lation, sight deposits time depositsandsavings deposit§) from 1988to 1998. Accordingto the
BundesbankiVi3 hasbeenchoserasintermediatdamgetbecausét exhibits a stablerelationto the
future pricelevel (leadingindicatorpropertyof money for prices)andis sufficiently controllable.
While theleadingindicatorpropertyis widely acceptedn theliteratureit is sometimesjuestioned
if the Bundesbankasbeenableto controlM3. Thetargethasbeenmetin thirteenof twenty-four
yearsof monetarytargetingin Germauy, seeHoltemoller (2001a).The desiredgrowth rateof M3
hasbeenderivedfrom the quantityequationthatequatesnoney stocktimesvelocity of circulation
andrealoutputtimespricelevel. Giventhenormatie pricelevel growth describedn the previous
sectionthe desiredmoney growth ratehasbeencalculatedoy insertingforecastf real potential
outputgrownth andchangesn velocity. The useof potentialoutput(andnot expectedreal output)
hasbeenfoundeduponthe medium-termandstability orientednatureof monetarytargeting.

How hasthe Bundesbanlicontrolledthe mones stock? The Bundesbanlktself hasdescribedhe
controlprocessasquantitysetting(DeutscheBundesbank] 995,p. 94) usingits monopolyonissu-
ing currengy andrequiredresene policy. Assuminga moreor lessstablerelationshipbetweerthe
monetarybaseandthemoney stock,theBundesbankascalculatecatthe beginningof eachmonth
the quantity of basemoney thatis compatiblewith the monetarytarget. Further the Bundesbank
conductedmonthly forecastsf the demandfor basemoney of privatebanks. The gapbetween
normatie andactualdemandor basemoney hasthentried to be closedby influencingthe money
market conditionsby meansof interestrates(Lombardrate,discountrate,andaninterestratefor
openmarket operationspndso-calledcompensatingr fine-tuninginstrumentgforeignexchange
swaps, quick tendersand others). This type of monetarypolicy canbe calledresere-oriented:
the resenesneededoy the bankingsystemto fulfill the resere requirementare controlled— not
completelybut to a considerablextent— by the Bundesbank.

2.3 Implementatiorof MonetaryPolicy in the EuroArea

Since January1999 the single monetarypolicy in the euro areais conductedby the ESCB. In
orderto achiere its givenprimary objectve of price stability, the ESCBhasdevelopeda stability-
orientedmonetarypolicy stratgy that consistsof a quantitatve definition of price stability, and
a two-pillar stratgly usedto achiere price stability.!® The first pillar assignsa prominentrole
to monegy. A referencevaluefor the growth of M3 is calculated(in a similar way to that one
describedn the previous section)andpublished.Within the secondpillar the non-monetaryisks
for price stability areanalyzed.Thesearefor examplethe conditionsanddevelopmenton goods
and labor markets. The ESCB stresseghat both pillars are not targetsthemseles. The only
target or objective is price stability. Both the analysisof the growth of moneg/ stock and the
evaluationof otherrisksto price stability areinformationaltools helpingthe governingcouncil of
the ECB to reachdecisionson monetarypolicy actions.To the bestof my knowledge,adocument
describinghow the informationis weightedis not available. Therefore,it is not clear how the
ECB translateghe informationinto monetarypolicy actions,andit is difficult to explain what
guidesthe ECB in usingits operationainstruments.lt canonly be saidwhich setof instruments

9 Time depositsandsavingsdepositsareonly includedif they satisfycertainrequirementsseeDeutscheBundesbank
(1995).
10 The mainreferencesor this sectionare EuropearCentralBank (1999b)and EuropearCentralBank (2000). Fur-
therinformationcanbefoundin arecentbookby Issingetal. (2001)andontheinternethomepag®f the European
CentralBank: www.echint.
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operations standingfacilities, and the minimum resene requirement. Openmarket operations
canbedividedinto four groups:mainrefinancingoperationgweekly frequeng, maturity of two
weeks),longerterm refinancingoperationgmonthly frequeng, maturity of threemonths),fine-
tuning operationgreversetransactionsputright transactionsforeign exchangeswaps,collection
of fixed-termdeposits)andstructuraloperations Standardacilities (marginal lendingfacility and
depositfacility) canbe usedby creditinstitutionsthat are obligedto hold requiredreseres, and
the minimum resene requirementreateghe necessityof centralbanklending;in oppositionto
the practicein Germaiy until 1998,the Eurosystenpaysintereston requiredreseres.

2.4 Comparisorof BundesbaniConceptiorandESCBStrategy

It hasbecomeclearfrom the previous sectionsthat the monetarypolicy conceptionof the Bun-
desbanlkandthe stability-orientedmonetarypolicy stratey of the Eurosystenarequite different.
The Bundesbankasuseda theoreticallywell foundedtwo-stageapproachby first determining
thevalueof theintermediatdarget (growth rateof money) thatis compatiblewith thefinal objec-
tive (price stability), and subsequentlyaking actionsto achieve this specificvalue (or range)of
theintermediatearget. It shouldbe noticedthatit hasbeenquestionedvhetherthe Bundesbank
really pursueda policy of monetarytargetingor whetherit hasonly usedmonetarytargetingasa
communicatiorstratgy.'?> However, the Bundesbankasalways madeclearthatit hasbeenac-
countablefor deviationsfrom themonetarytargetandthatdeviationsareonly acceptedf thereare
importanteconomicreasondor a deviation. Issing(1997,p. 71), who wasmemberof the board
of the Bundesbankrom 1990-1998 even stateshat deviationsfrom the target have beenmainly
“deliberatemonetarypolicy decisions”.

The Eurosystendoesnot make useof the two-stageapproach.It putsthe focusdirectly on its
ultimate objectie price stability and usesthe developmentof the moneg/ stock as one piece of
informationin its decisionprocessandthe single monetarypolicy cannotbe characterizedsa
policy of controlling the quantity of a monetaryaggreate. Instead the Eurosystentontrolsthe
conditionson the mong/ market, especiallythe main refinancingoperationsminimum bid rate
whichis intensvely obsenedby the public.

3 A TheoreticaFrameavork for the Analysisof MonetaryPolicy

3.1 A BasicModel of the Economy

A modeltypethatis widely usedin theappliedmacroeconomititeratureis the IS-LM-AS frame-
work. It consistan generalof threeequations:an aggrgatedemandunction,a moneg/ demand
functionandanaggreatesupplyfunction. This modelhasbeencriticizedintensiely, especially

11 Theoperationaframenork of the Eurosystenis describedn EuropearCentralBank (1998)andEuropearCentral
Bank(1999a).

12 Two examplesareMishkin (1999,p. 588): “Monetarytargetingin Germary andSwitzerlandshouldinsteadbeseen
primarily asa methodof communicatinghe stratgly of monetarypolicy thatfocuseson long-runconsiderations
andthecontrolof inflation”, andSvenssor(2000,p. 2): the“Bundesbankasactuallybeenaninflation targeterin
deedsanda monetarytargeterin wordsonly.” Seealsothe literaturecitedthere. It hasalsobeensupposedn the
literaturethatthe Bundesbankollowed a Taylor (1993)-typeinterestraterule in orderto controlinflation, seefor
exampleClaridaand Gertler(1996)and Briggemanr(2001). Von Hagen(1999) stresseshat a monetarypolicy
stratgyy is moreimportantfor the clarificationof therole of monetarypolicy within the economythanfor guiding
actualmonetarypolicy decisions.
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ad\antagesaf the IS-LM-AS frameNork asan outcomeof traditional KeyneS|antheor|esof the

businesscycle areconsequencesf building the modelon assumptionsboutthe relationsof ag-

gregatedvariablesinsteadof deriving themfrom microeconomigrinciples. Without specifying
preferencesnothingcanbe saidaboutwelfareeffects,importanteffectscanbe overseenandthe

Lucascritiqueapplies.Theadwantage®f thelS-LM-AS approaclhareits simplicity, andits robust-

ness.Additionally, its is aguedby Walsh(1998,p. 204ff) thatthelS-LM-AS is not“startingfrom

curves” becausét canbeinterpretedasa specialcaseof a modifiedmonegy-in-the-utility-function
modelthatis basedon first principles. The threenecessarynodificationsare (1) the assumption
of a constantapitalstock,(2) theassumptiorof aninelasticlaborsupply and(3) theassumption
of one-periochominalwagecontracts.Theseassumptiongrerestrictve but seemplausibleif the

maininterestof theanalysigs investigatingshort-rundynamics.ThereforetheIS-LM-AS frame-
work satisfiesMcCallum’s criteria (i) and (i) mentionedearlier Criterion (iii) — the empirical

quality —is analyzedn section5.

The exact specificationof the threemodel equationsis not unique, and different specifications
have beenusedfor different purposes. The specificationusedherefollows McCallum (1981).
BasichypothesesinderlyingtheIS-LM-AS modelare(Modigliani andPapademos]990): (1) the
money stockunderconsiderations a narrov onethatis usedmainly for transactiorpurposes(2)
themonetaryauthoritycancontrolthe money stockup to arandomcomponent(3) non-monetary
assetgfinancialandreal) areassumedo be closesubstitutes(4) wealthandcapitalaccumulation
have no impacton the supplyanddemandof goodsandfinancialassetsand(5) governmentand
fiscaleffectsareignored.

The IS equationdescribingthe output-interesicombinationsfor which the plannedand actual
expenditureson outputareequalis

Y =bo + b1 (i — (Bro1pie1 — 01)) + & (3.1)

wherey; andp; arelogarithmsof realoutputandpricelevel, i, is thenominalinterestrate,b; < 0,
and E;_,; denoteghe expectedvaluegiventhe informationsetof ¢ — 1. The specificationof the
information setis important,seefootnote13. The real interestratei;, — (E;_1p;y1 — p;) hasa
negative impacton plannedexpendituresdbecauseat negatively affects plannedconsumptiorand
investment.TheLM relationdescribe®utput-interestombinationgor which money supplyand
mone/ demandareequalata givenpricelevel. It is specifiedas

— Py = Co + Cily + Coyy + My, (3.2)

wherem; is logarithmicmoney stock,c; < 0, ande, > 0. The negative impactof theinterestrate
on mong/ demandexpresseshe opportunitycostsof holding mongy, andthe positive sign of ¢,
is explainedby the transactiormotive of money holdings. The AS relationcanbe interpretedas
an expectationsaugmentedPhillips curve or asa Lucassupplycurve statingthat actualoutputis
increasingf inflationis higherthanexpectedor if positive supplyshocksoccur:

Y =ao + a1 (p — Eape1) + a2ye1 + o, (3.3)

wherea; > 0,and0 < ay < 1. Thedisturbanceerms¢;, n;, and(; areshockshatareindependent
of pastvaluesof all variables.They areinterpretedasaggrgyatedemandshock,monetaryshock,
andaggreatesupplyshock,respectiely.

Themodelcanbe closedby specifyinga monetarypolicy rule. Thisrule or reactionfunctionlinks
the (intermediate}argetvariableof the monetaryauthorityto the stateof theeconomy Thechoice
of thistargetvariableis discussedn section3.3. Now, themodelcanbe solved,andreducedorm
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undetermineaoeficientsprocedureseeMcCallum(1981)andMcCallum(1989).

Themainimplicationof this type of modelis long-runneutralityof money.*®> Monetarypolicy can
affecttherealequilibriumonly in theshort-runby surprisingthe privateagentsuchthattheactual
inflation ratedeviatesfrom the expectednflation rate.

3.2 Money CreationandFinancialStructure

In the traditional IS-LM-AS modelit is assumedhatthe mone/ stockis setexogenouslyby the
monetaryauthority As discussedh Holtembller (2001a) thisassumptionms notapriori reasonable
for developedmonetaryeconomiedike Germairy or the Euro areawherenot narrov money but a
broadmonetaryaggrgate(M3) is usually consideredn monetarypolicy analysis. Therefore,it
is now discussedow the modelof the previous sectionhasto be modifiedin orderto considera
morerealisticmoney supplyprocess.

Themone/ multiplier approachmakesclearthatthreedifferentgroupsof agentgarticipatein the

money supplyprocessTheseareprivatehouseholdandfirms, privatebanks andthe centralbank.
In this section,therole of privatebanksin the moneg supplyprocesss discussed? This makes
assumptionsboutthe behaior of banksnecessary The framavork of the following analysis
is the industrial organizationapproacho bankingtheorylike it is alsousedin Vanhoosg1985)
andin Holtemdller (2001a)!® Banksaretreatedas profit-maximizingfirms that acceptdeposits
andoriginateloans. Additionally, banksbuy andsell governmentsecurities,suchthat the profit

functionof a privatebankn is:

wheresl, i? iP areinterestrateson loans(L), securitieq(S), anddepositg D), respectiely, and
X" areexcesgesenreswith revenuefunctionG(X}"). This profit functionis maximizedsubjectto
thebalancesheetrestriction

X+ LY+ S=(1—-r)Dy, (3.5)
wherer is therequiredresene rate,and bankshold requiredresenesr D} aswell asexcessre-
senesX}. Of coursetheoperatingcostfunctionC(-) hasto satisfyusualregularity assumptions
to guaranteehe existenceanduniquenes®f a profit maximum. The market structureis assumed
to beasfollows: banksareCournot-oligopolist®n the marketsfor loansanddeposits.They select
the quantitiesof loansand deposits,and the respectre interestratesare determinedoy inverse
loandemandanddepositdemandunctionsof the public. Following Vanhoos€1985)theinverse
demandunctionfor depositdy the publicis definedas

N
i?=f ()" DP, fifefs >0, D= Dp (3.6)
n=1
wheref; areconstantsThemarketfor securitiess competitve. The Lagrangiarof themaximiza-
tion problemis
L = GX7)+i L} +ip Sy — iy DY — C(X]', L}, S, DY)
+A((1—-r)D} — X' — L} — S7), (3.7)

13 |f expectationsn equation(3.1) aredescribedoy E;p;, insteadof E;_p;,1, outputdependsn the systematic
partof monetarypolicy, andmoney is not neutralin thelongrun, seeMcCallum (1989,chapterl1.2).

14 For anoverview of this topic seefor exampleModigliani andPapademo$1990).

15 This approachs basedon the work of Klein (1971)andMonti (1972). An overview canbefoundin Freixasand
Rochet(1997).
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oL 9G()  aC() .

— — -\ = 0 3.8
oXp oX7 oX] (3.8)
_ _ -\ = 0 3.9
oLy — oLy 't 9Ly (3.9)
oL s 0C(v) |
— — -\ = 3.10
asy — "t asp 0 (3.10)
oL o’ p  0C() !
= — Dn — — — = .
Dy oD " iy aD; + A1 =) 0 (3.11)
oL |
Using f5 = 82.1'—,5]) : 22« it follows from (3.10)and(3.11)that
. D} aC () . aC ()
D _t = (1 — S _
iy (1 + D, f3) + aD; (1—-r) <zt a5t ) (3.13)
Fromthis expressiontheinterestratepaid on depositcanbe derivedby summingover all banks:
. s 0C() aC () N
D — 1— - — = . 14

Assumingconstanmamginal operatingcostsfor depositaandsecuritiesaconstanhumberof banks
N, anda constantinversedepositdemandelasticity makes (3.14) a reducedform expressionfor

the interestrate on deposits. The total quantity of depositscanbe calculatedby inserting(3.14)
into theinversedepositdemandunction (3.6) andsolvingfor D;:

D (:S\—f1 fL
D, — (Zt (i7) ) " (3.15)
f2
or
Dt = Dt(itS,T,...). (316)
Now, thetotal quantityof resenes H; (requiredandexcess)s
Ht = TDt+Xt, (317)

and from (3.8) and (3.10) it can be seenthat X is a function of i¥. Therefore,a log-linear
approximatiorof the quantityof depositds

dt =1 + Vlif + I/th, Vi, Vg > 0 (318)
whered; andh, arethelogarithmsof D; andH,.

Thefinancialstructuredevelopedin this sectioncannow be addedto the basicmodelof the pre-
vious section. The model of the economyconsistsnow of the IS relationship® (3.1), the AS
relationship(3.3),themodifiedLM relationship

my — Py = Co + Cl(its - Z?) + oy + My (3.19)

theinterestrateequation(3.14),andthe deposits-reseprelation(3.18). The opportunitycostsof
holdingmone/ arenow measuredby theinterestratespreadandit is assumedhatthe quantityof
moneg/ equalsthe quantityof depositdm; = d;). Thatis, curreng in circulationis ignoredin this
model. Lik e the basicmodelof section3.1, the modelis completedwith a monetarypolicy rule,
andcanthenbe solved for the endogenousariablesi?, i¥, my, p;, v;, andh;. The choiceof the
monetarypolicy ruleis discussedhn the next section.

16 1n oppositionto the basicversionof the model,therearenow two interestrates:i; andi”. It is supposedn the
following thattherelevantinterestratein the IS relationis i; .
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In section2.2,the monetarypolicy of the Bundesbanks describedasresere-oriented.This type
of policy is characterizedy

*_

ht = — (mt vy — l/]_Et,]_[Z.f]) . (320)
First, the desiredevel of themoney stockm; is determinedandsubsequentlythe corresponding
guantity of reseresto beimplementeds calculatedrom (3.20). This is doneoneperiodbefore
the implementationsuchthat the interestrate on securitiesin period¢ hasto be replacedby its
expectation.Equation(3.20)is amonetarypolicy rule closingthe model.

The monetarypolicy of the ECB cannotbe describedby sucha resere-orientedrule but may
be describedby an interestrate rule. Thoughthe ECB doesnot intendto control a monetary
aggreateit is assumedsa first approximatiorthatthe desiredinterestratelevel is chosersuch
thattheexpectedmoney stockis equalto themoney stockrm; thatis compatiblewith thereference
valuefor money growth. This interestratelevel canbe calculatedby inserting(3.14)into (3.19)
andsolvingfor 7°:

mf —Co — Et—l[pt] - CZEt—l[yt] — b [(1 - 7)80—9 + 20()

Y = TR . (3.21)

A possiblemodificationof this interestraterule is to calculatethe desirednterestratesuchthata

certainpricelevel is expected Additionally, it would bemorerealisticto assumehatthe ECB tries
to steerthemoney marketinterestratei” andnottheinterestrateon securities®. Additionally, in

section4.3it will becomeclearthatthe modelis not well specifiedwith the monetarypolicy rule

(3.21). In orderto considertheseproblems,assumehatthe interestrate setby the centralbank
is a function of the money stockandthe pricelevel. Sucha rule canbe interpretedasa stylized
“two pillar” monetarypolicy rule andis usedin the empiricalapplication.The exactspecification
is givenin section4.3.

4 StructuralVectorAutoregressve ModelsasTool for Monetary
Policy Analysis

4.1 StatisticalAnalysisof StructuralVectorAutoregressve Models

Theempiricalanalysisof theimpactof monetarypolicy onmacroeconomigariabless conducted
by usingvectorautorgressve models. This is atool thatis widely usedfor this purpose.In its
basicform, avectorautorgressie modelof orderk is describedy?’

k
Ty = pg + Z Aize—i + uy, (4.1)

=1

wherez; = (214, 2o, ..., 2,) IS a(p x 1) vectorof endogenousariables,u; ~ N(0,%,) is a
p-dimensionah.i.d. error processvith meanvectorO andcovariancematrix ¥, i; containsde-
terministicterms(which areignoredin the following) like a constanta linear time trend and/or

17 The econometricanalysisof VAR modelsis discussedor examplein Liitkepohl(1993), Luitkepohl (2001),and
Hamilton (1994).
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the ordlnaryIeastsquarestechnlqueandthe optlmal lag length & canbe determlneoby compar

ing informationcriteria like Akaike Information Criterion (AIC), Hannan-QuinrCriterion (HQ)

or Schwarz Criterion (SC). Oncethe parametersf the modelhave beenestimatedthe structural
informationof the modelcanbe summarizedn differentways. Onepossibility is the inspection
of theimplied impulseresponsdunctionsmeasuringhe impactof singleinnovationson the en-
dogenousariables.Forecastkrrorimpulseresponse®; arecalculatedrom the moving average
representatioof the VAR:8

Ty = Z (Diut_i. (42)
=0

The underlyingassumptiorthat innovationsin the differentequationsare uncorrelatedthat X,
is diagonal)is in generalnot compatiblewith the obsered dataand with the theoreticalback-
ground.The contemporaneouglationshipdetweerthevariablescanbeincludedinto the model
by transformingthe VAR model(4.1) into the structuralvectorautorgressve (SVAR) model®

k
A()It = Z A:xt—i + Aout, (43)

=1

whereA; = ApA;, i = 1,..., k. A usualway of identifying the instantaneouselationshipss to
assume recursve causaktructure. Thatis, thefirst variablexy, is only influencedoy innovations
in the first equationandlaggedvariables;the secondvariableis affectedby innovationsin the
first equation,by innovationsin the secondequation,and laggedvariables,and so on. In this
case, A, = P71, andX, = PP, whereP is atriangularmatrix calculatedusingthe Cholesly
decomposition.Of course the implicationsof the modeldo now dependon the orderingof the
variablesn x;. A moregeneramodelnestingherecursve structures thefollowing one.Equation
(4.1) canalsobewrittenas

ALz, =,  AL)=1,— AL —...— AL*, (4.4)

where L denoteshe Lag operatorL‘z; = x, ;, and [, is a p-dimensionalidentity matrix. The
structureis now imposedby multiplying (4.4) with A = A, andassuminghat Au; = Be; such
that

AA(L)ZEt = Aut, Aut = Bet, € ~ N(O, Ip) (45)

Thismodeltypeis calledAB-modelby AmisanoandGiannini(1997). Theseauthorsalsoprovide
thefollowing estimationtechnique.The parametersf the modelareestimatedn two steps:first,
the reducedform (4.4) is estimatedn the usualway by OLS; secondthe 2p? coeficientsin A
and B aredeterminedy imposingatleastp(p + 1) /2 (non-linear)restrictionsandestimatingthe
remaining(atmost2p® — p(p+1)/2) freeelementdy maximizationof thelog-likelihoodfunction,
whichis

L(A,B) = c+ glog (JAP) - glog (1B?) - gtr (A'B'—lB—lAiu)

_ r 2 T 1 179
= o+ log (|K?) — (KKEH), (4.6)

whereT is thesamplesize, K = B4, ¢ = —(Tp/2) In(27) ands, is a consistenestimatorof
Y. Therestrictionsthathave to beimposedto achiese local identificationcanbe summarizeds

18 Sucharepresentatioexistsif the processs stationary The caseof non-stationarityis ignoredfor the presentut
is discussedater.

19 SVAR modelsarediscussedor examplein AmisanoandGiannini(1997),Breitung(2000),andHamilton (1994).



R,vecA = d, or R, 0O vecA | | d, 4.7)
RyvecB = d, 0 R vecB | | dy |’ '

wherevecis an operatorthat stacksthe columnsof a matrix into a singlecolumnvector R. are
(r.xp?) full row rankmatricesg. are(r. x 1) vectorsandr, andr, denotehenumberof restrictions
on A and B, respectrely. Therestrictionscanalsobe parameterizeds

veCA = S,v,+ sa vecA| [S, 0 Ya Sq
vecB = Syv + sp } or [vecB}_[O Sb} [’yb]+[sb]’ (4.8)
whereS. are(p? x £.) full columnrank matrices,s. are(p? x 1) vectors,and?, = p? — r, and

¢, = p* — r, arethenumbersf freely estimatedctoeficientsof A and B, respectiely.

The log-likelihoodfunction hasto be maximizedusinga numericaliterative procedure seeAp-
pendixB.

4.2 ImpulseResponsé&unctionsof SVARS

Following AmisanoandGiannini(1997),impulseresponsefor structuralMARs canbecalculated
by

Q=K '=(B'A)'=A4"B, 0, =JM'JOy, i=1,2,... (4.9)
where
A Ay - Apy Ay
I, 0 0 0
M=| 0 1, 0o o0 |, J=[I, 0 0],
0 0 I, 0
M is a(pk x pk) matrix,and.J isa (p x pk) matrix, or by
®i :q)z '@0, @0 :Ip, (I)z :Z(I)i—jAja 1= 1,2,..., (410)
j=1

whereA; = 0 for i > k. Theimpulseresponseare estimatedoy replacingthe theoreticalvari-
ableswith therespectre estimatorsin thefollowing, the samenotationfor theoreticaimpulsere-
sponsesndestimatedmpulseresponses used.The estimatedmpulseresponsethatarestored
upto horizonH in vec|©y, ©4, ..., 0| areunbiasedandasymptoticallynormallyindependently
distributedwith covariancematrix %E@(H ). Somepreliminarycalculationsaarenecessaryo com-
puteXe(H):

-1 1 pi—1 —1 I,® B!
Sk =[LoB " | -(AB™) @B | Ty |— BA) OB (4.11)
Se(0) =Yg-1= (K@K ) Sk (Ko K'™) (4.12)

Thematrix Xo (H) consistof (H + 1)(H + 1) blocksof dimensiorp? x p?, denotedby Yo (H );;,
i=0,...,H,j=0,...,H. Thecovariancematrix of vec®; is givenby theblock X¢ (H);;. The
blocksaredefinedas

Yo(H)ij = GiSvecia,,..4,)G) + [, ® (JM'J")] £e(0) [I, ® (JMZ‘J’)}’ , (4.13)
i,j=1,..., H, where

Go=0, Gi=)» ([6pJM)Y | @[JM"T]), i>0. (4.14)

10
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The economicmodel discussedabove andthe SVAR methodologycan be combinedin the fol-
lowing way. First, the caseof a resene-orientedmonetarypolicy is considered.If the model
equationsareusedto calculatethe deviationsof theactualrealizationdrom their expectedvalues,
the solutionof themodelis givenby the systeni®

—b 1 —by 0 Dt 1t
—a; 1 0 0 e | | e
1 = —ca[l=(1=m]0 1| | |7 |ex | (4.15)
0 0 -1 1 my €at
A

wherea hatabove the endogenousariablessymbolizeshe expectatiorerrorz, = x; — E; 1[xy],

andm; = m; — m;. Theerrortermse;; cannow be interpretedasstructuralshocks:e;; andey;

arerealshockses; is amoney demandshock(MD) andey,; is amone supplyshock(MS). In the
empiricalapplication(sectionb) it is assumedhatc; [1 — (1 — r)] # is constantThisis clearlynot
the case especiallyfor the requiredresene rater. However, the analysisin Holtembdller (2001a)
hasshovn thattheimpactof therequiredresere rateis only importantif therelationbetweerthe
monetarybaseandthe mone stockis considered.The monetarybaseis part of the theoretical
model usedhere, but is not part of the reducedform (4.15). This justifiesto someextent the
constang assumption.

In caseof aninterestraterule, the solutionis givenby the system

ERIEEE
(S A ES b o
A

By assuminghattheexpectedvaluesof theendogenousariables F;_; [x;] canbecalculatedrom
a VAR representatiorthe VAR residualsu; canbeinterpretedasdeviationsof the variablesfrom
therespectie expectedvalues:

Uy =Ty = o — By [14]. (4.17)

TheSVAR framework providestheeconometrienethodologyto modeltherelationsbetweerthese
deviationsempirically. The structuregiven by the matrix A of the respectre modelcanbe esti-
mated,andthe implied impulseresponsesf differentmodelscanbe compared.For the validity

of this approacht doesnot matterwhetherthe variablesin the modelare stationaryor not. The
contemporaneouselationsthat are consideredn the SVAR modelarerelationsbetweenexpec-
tation deviationsin the theoreticalmodel, andrelationsbetweenVAR residualsin the empirical
model?! Both arestationaryby definition, regardlessof the orderof integrationof the variables
themseles??

The structuregivenby (4.16),however, is notidentified. The first andsecondequationcannotbe
distinguishedrom eachotherempirically Therefore the stylized“two-pillar” monetarypolicy
rule

1 = 1Pt + Yoy, V1,72 > 0. (4.18)

20 SeeVanhoos€1985).

21 The approactof specifyinga structuralmodelfor VAR residualds alsofollowedby Bernanke andMihov (1998),
for example,in orderto identify monetarypolicy shocksin theU.S.

22 Theeffect of integrationon estimationandcalculationof impulseresponsess discussedn section5.2.
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wherethethird equationis the monetarypolicy rule andthe fourth equationis the money demand
function,suchthates; canbeinterpretedcasmonetarypolicy shock(MP) ande,; asmonegy demand
shock(MD). This identificationschemes very similar to the resene-orientedmonetarypolicy
model. It is lessrestrictve becauseéhecoeficientof thepricelevelin themonetarypolicy equation
is notrestrictedto zerolik e it is the casen theresere-orientednonetarypolicy model.

In the empiricalanalysisof sectionss.2 and5.3,anadditionalidentificationschemdhathasbeen
suggestedby Leeperet al. (1996)is appliedasa benchmark.This identificationschemds given

by

1 0 0 0
A= 1 00 (4.20)
azgr asx 1 as

0 0 Q43 1

The first and secondrow representhe behaior of the private sector andit is assumedhatthe
financialvariables; andm have no contemporaneousffect on p andy. Thetwo private sector
shockghatareidentifiedby this structurearecalledP; shockandP, shocklateron. Thethird row
canbe interpretedasmoney demandrelatior?®, andinnovationsto the fourth equationrepresent
monetarypolicy shocks.This setof identifying restrictionsis not basedon an explicit modelbut
is rationalizedby economicargumentsy Leeperetal. (1996).

5 Empirical Applicationof the MonetaryPolicy Analysis
Framevork

5.1 Puzzledn the Applied SVAR Literature

The SVAR approachhasbeenusedin alarge numberof empirical studies.However, in mostof
themthe recursve identificationschemes applied?* Specialinteresthasbeenput on the iden-
tification of monetarypolicy shocksandthe response®f macroeconomiwariablesto monetary
policy shocks?® Within the SVAR approachmonetarypolicy shocksarecalculatedoy assuming
thatthe AB-model (4.5) describegherelationshipsetweerthe estimated/AR residualsandthe
underlyingeconomicshocks.Therecursveidentificationschemas aspecialcaseof the AB-model
with A = I, andB = P, wherePP’' = ¥, and P is lower triangular*® Usingthis identification
schememary authorshave foundimpulseresponsethatdiffer from intuitive economidnterpre-
tations. This is especiallythe casewhenthe analyzedsystemconsistsonly of the four variables
price level, real output,interestrate,andmoney stock. Examplesarethe price puzzle(a positive

23 Anothernormalizationthatrestrictsass to oneandnotass would make this moreevident.

24 Therearealsostudiesn whichidentificationis achievedby imposinglong-runandshort-rurnrestrictionsn theway
introducedby BlanchardandQuah(1989). This approaclis not consideredere.

25 A review of therecentliteratureon this topic canbefoundin Christiancetal. (1999).
26 An equivalentspecificatioris A = P~! and B diagonal.

12
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negatlve responsef theinterestrateona posmve innovationin the money stock).In otherwords,
thereis aliquidity puzzleif noliquidity effectis obsered. Theliquidity effectis originally defined
in a setupin which monetarypolicy is describedy changesn the money stock. In sucha setup,
theinitial declineof theinterestrateafteranincreasen the money stockis calledliquidity effect,
seefor exampleDornbuschand Fischer(1994,p. 493f1.). In the following, the notion liquidity
puzzleis usedin a broadersense.Iln additionto the casein which thereis no liquidity effectin
the way just describedthe casein which the interestrateis the monetarypolicy variableandthe
money stockdoesnotresponchegatively on positive interestrateinnovationsis alsocalledliquid-
ity puzzle.It shouldbe noticedthattheliquidity effectis only a short-runeffect. As time goeson,
this effect is possiblyovercompensatebly incomeandFishereffect?’

In larger systemsf openeconomiestwo additionalpuzzlessometimesccur: the exchangerate
puzzle (a depreciationof the domesticcurrengy asresponsen a positive innovationin the do-
mesticinterestrate),andthe forward discountbiaspuzzle(appreciatiorasresponsedo a positive
interestrate differential betweendomesticandforeign interestrates)?® It hasbeentried to solve
thesepuzzlesn differentways. Supposehatthecentralbankincreasesheinterestateif it expects
a higherlevel of pricesin the future thanis compatiblewith its price stability objectwve. If actual
innovationsin the price level are a leadingindicator for future pricesthen positive innovations
in the price level arerespondedy anincreasen the interestrate. By extendingthe information
setandincluding a leadingindicatorfor future prices,the puzzlecanpossiblybe solved. Often,
commodityprices,exchangerates,or animport price index are consideredasleadingindicators
for the aggreyateprice level. Sims(1992) shows that the positive responseof pricesto innova-
tionsin the interestratein VAR modelsof monetarypolicy effectsin France,Germary, Japan,
the United Kingdom, andthe United Stategendsto becomesmallerwhencommoditypricesand
exchangeratesareincluded. However, the price puzzledoesnot disappeain all cases.For the
U.S., it is possibleto avoid the price andliquidity puzzlesif commodity pricesand additional
monetaryaggreateslik e the monetarybaseare addedto the system. This approachs takenin
Leeperetal. (1996)andChristiancetal. (1999). Theaugmentatiomakesa separatiorof different
sourcesnf shockspossible. While the augmentatiorapproachstill relieson a recursve identifi-
cationschemeleeperetal. (1996)(U.S.)andKim andRoubini (2000)(non-U.S.G-7 countries)
find non-recursieidentificationschemeshataresuccessfuin avoiding puzzles Aggregatedeuro
areadatais analyzednter alia in Monticelli and Tristani (1999)and Brand and Cassola2000).
While Monticelli and Tristani (1999) identify structuralshocksby imposingan openeconomy
IS-LM-AS model,BrandandCassolg2000)use“a theoreticallyneutralway of derving impulse
responses{p. 15) by calculatinggeneralizedmpulseresponseassuggested PesaramndShin
(1998). Theopeneconomymodelof Monticelli andTristani(1999)givesGermammonetarypolicy
ananchorrole within the Europearexchangeatemechanism{ERM). Theresponsef inflationto
monetarypolicy shocksis not significantlydifferentfrom zeroandexchangeateeffectsarevery
small. Theliquidity puzzlecannotoccurbecauséhe money stockis notconsideredn this model.
In the systemof Brandand Cassolg2000),thereis no liquidity puzzlebut the price puzzlestill
occurs(theresponsef theinflation rateon anincreasean the short-termor thelong-terminterest
rateis positive). Impulseresponseth Germanmonetarysystemsareaddresseth Litkepohland
Wolters(1999)andBenkwitz et al. (2001),for example. In both studiesanimport priceindex is
addedwithout alwayssolvingthe puzzles.

In thefollowing, it is showvn in a simulationexamplethatthe recursve identificationschemeamnay

27 Theseeffectsarealsoexplainedin DornbuschandFischer(1994,p. 493f.).

28 priceandliquidity puzzlesarediscussednter aliain Leeperet al. (1996)andStrongin(1995)for the U.S. andin
Kim (1999)for the G-7 countries Kim andRoubini(2000)analyzealsotheexchangeaateandtheforwarddiscount
biaspuzzlesfor non-U.S.G-7 countries.

13
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bex; = (pi, ys, ir, My). Assumethatthetrue modelof the economyis anIS-LM-AS modelwith

a stylized“two-pillar” monetarypolicy rule asdescribedoy (4.19). The innovationsin the third

equationcanbeinterpretecasmonetarypolicy shocksandtheresponsef thepricelevelin period
t 4+ 7 onamonetarypolicy shockin periodt is givenby 6; 13, thatis the entryin thefirst row and
third columnof theimpulseresponsenatrix ©;. The calculationof ©; is explainedin section4.2.
Assumethat B = I, anddenotethe entriesof theinverseof A by a’*. Recallingthat®, = A'B,

thecontemporaneougsponsef thepricelevel to amonetarypolicy shockin thestructuraimodel
is 0315 = a'. In the caseof recursve identification, this responsés 6;,; = 0. Fori > 1, the
impulseresponsearecalculatedy 0, = ¢,0,, whered; arethe coeficientmatricesof the“non-

structured’MA-representatiorgivenin (4.10). The ®;,-matricesare the samefor the structural
modelandthe recursie modelandtheir entriesaredenotedby ¢; ;.. Theresponsesf the price
level on amonetarypolicy shockin the structuralmodelcannow bewritten as

9:115;, a®@in1 + a®pii + a3 + a1 (5.2)

while thecorrespondingesponseén therecursve identificationcaseis

9513 = P33Pi13 + D43¥i 14, (5.2)

wherep;;, aretheentriesof P, andp;3 = ps3 = 0 by definition.
For the simulation,thenon-zercentriesof A in themodelgivenby (4.19)arespecifiedasfollows:

1 —05 0 0
25 1 25 0
A=l 425 0 1 -075 |- 3

-1 -1 2 1

Thesevaluesare somehav arbitrary but the signsare compatiblewith the theoreticalmodeland
the valuesarerealisticin the sensehatthey reflectplausibleeconomicrelationships.Giventhat
= A~ le, it followsthaty, = A=, (A71)" and

0.44 0.13 —0.13 —0.09 0.48 0 0 0
Al —1.13 0.25 —=0.25 —0.19 p— —0.86 0.83 0 0
- 0.01 0.18 0.23 0.17 |’ | =0.03 0.11 0.31 0f’
—0.71 0.03 —0.83 0.38 —0.50 0.62 —0.25 0.80
suchthat
9;41% = —0.13(p¢’11 — 0.25(,01',12 + 0.23(p,',13 — 0.83902'714 (54)
and
015 = 0.31¢; 13 — 0.25¢; 14. (5.5)

Thereis a broadrangeof ®; matricesfor which 045 and¢/,; canhave differentsigns. The ®;
matricesdependon the VAR coeficient matricesA;. Considera VAR with lag length1. The
matrix A; is now generatedoy a randomnumbergeneratorsuchthat the entriesare normally
distributedwith thefollowing expectedvaluesandstandardieviations:

N(0.75,0.125) N(0,0.25)  N(0,0.25)  N(0,0.25)
N(0,0.25) N(0.75,0.125)  N(0,0.25)  N(0,0.25)
N(0,0.25)  N(0,0.25) N(0.75,0.125) N(0,0.25) |-
N(0,0.25)  N(0,0.25)  N(0,0.25) N(0.75,0.125)

AlN
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Figurel: SimulatedmpuiSeResponses
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Notes: Thesolid linesin graphg(a), (b), and(c) arethe medianimpulseresponsessingthe respectie identification
scheme.In case(a), the impulseresponseare computedusingthe structuregiven by A. In caseqb) and(c), the
recursve identificationschemas applied. Thedashedinesareupperandlower quartiles.Graph(d) shavs the mean
impulseresponsesf casega), (b), and(c).

implying thatthe variablesare autocorrelatedput thereareno specialassumptionsiboutthe dy-
namicrelationsbetweenthe variables.The economicstructureis only given by the contempora-
neousrelationshipsexpressedy A. 10,0004, -matricesthatimply a stableVAR?® andnegative
“true” impulseresponse¥ are computed. Then,impulseresponsesising the recursve identifi-
cation schemeare calculatedandit is countedfor how mary realizationsof A; the sumof the
impulseresponses$or the periods0 to 16 is positive (Zzﬁo 9513 > 0). In 27% of the considered
casesjn which the theoreticalstructuralcumulatedmpulseresponseés negative, the cumulated
impulseresponseisingthe Cholesk decompositiorwith the ordering(p, y, i, m) is positive. One
determinanbf the sign of the impulseresponsas a i3, thatis the coeficient of the one period
laggedinterestrate in the price level equationof the VAR. Even if this coeficient is negative,
the Cholesly decompositiorgives positive impulseresponsesn 5% of the considereccases’!
Impulseresponseshat are calculatedusing a recursve identificationschemeare in generalnot
invariantto changesn the orderingof the variables. This caneasily be seenwhenthe reverse
orderingis considered.In this case the responsef priceson innovationsin the interestrateis
measuredby

91‘1,34*2 = Doy Pia2 T D3gPia3 + Do Pi s (5.6)

29 Only A; matricesareconsideredor which all rootsof Def{I, — A; z] = 0 lie outsidetheunit circle.

30 The theoreticalimpulseresponsesmplied by A and A; are calculated,and only realizationsof A; for which
E}io 0;‘}133 < 0 areconsidered.This criterion doesnot exclude that the impulseresponsas positive for single
periods but thatdoesnot harmthe experiment.

311t is not clearif this coeficient is positive or negative in aneconomicmodel. It measureshe averageimpactof
interestrate changeson the price level. Theinterestratecanincreasedor differentreasons.If a monetarypolicy
actionis the reasonfor the increasen the interestrate, a negative impactis expected. However, if the nominal
interestraterisesbecausexpectedinflation is increasingthe impactcould be positive. Further a higherinterest
rateimplies higherfinancingcostsfor firms. Therefore the signof a; 13 is not clearly givenby economictheory
Thisjustifiestherandomchoiceof the coeficient.
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is S|m|Iar if the orderingof the variablesis reversed.29% of the realizationsthatimply negative
“true” impulseresponseseadto positive impulseresponsed the Choleslk decompositiorwith
reverseordering(m, i, y, p) isusedandif thecoeficientof thelaggednterestatein thepricelevel
equationis negative, the Cholesly decompositiorgivespositive impulseresponsei 7% of the
caseswith “true” negative responsesTheseresultsareillustratedin figure 1. Part (b) of thefigure
shows that the upperquartilesof the impulseresponsesmplied by the recursve identification
schemewith ordering(p, y, i, m) are positive at all horizonsthoughthe cumulatedtrue impulse
responsés negative. It canbeseenin part(d) thatin averagethesignis correct,but theimpactis
underestimatedndthe shapedepend®nthe orderingof the variables.

5.2 Empirical MonetaryPolicy Analysisfor Germary

In thissectionasmallmonetarysystenfor Germary isinvestigatedimpulseresponsesf macroe-
conomicvariablesto monetarypolicy shocksarecalculated.lt is shavn thatthe kind of problem
describedn the previous sectionpossiblyoccurswhenmonetarypolicy shocksin a smallmone-
tary systemaretried to beidentifiedusinga recursve identificationschemeLik e in otherstudies
of the monetarypolicy transmissiorprocessandlik e suggestedby the economicmodelof section
3, thep = 4 endogenousariablesin the SVAR analysisare the logarithmicprice level (p), the
logarithmicreal GDP (y), aninterestrate (i), andthe logarithmicnominalmoney stockM3 (m):
2y = (ps, ys, i, m) 32 In the resultsreportedhere,a long-terminterestrateis used®® Impulse
responsethatarecalculatedusinga recursve identificationschemearecomparedo impulsere-
sponseshatarecalculatedusingthe resene-orientednonetarypolicy model,the two-pillar mon-
etarypolicy rule modelandthe Leeperet al. (1996)identificationscheme.The confidencebands
for impulseresponsethatareusedhereare calculatedby addingandsubtractingwo asymptotic
standarcerrors.

First, in section5.2.1, the VAR is estimatedusing the level representatiorand ordinary least
squares.lt is known that the consideredvariablesare instationaryand potentially cointegrated.
Breitung(2000,Theorem?2.2) shaws, thatimpulseresponsesanbe efficiently estimatedrom the
unrestricted/AR aswell asfrom avectorerrorcorrectionmodel(VECM) with correctlyimposed
cointggrationrank. In smallsampleshowever, asclaimedby Breitung(2000,p. 75), it “may bead-
vantageou$o usea VECM representatiowith a propercointegrationrankto estimateheimpulse
responses.Therefore thereducedrankregressiontechniques appliedto estimatethe VECM in
section5.2.2. Fromthe VECM representatiorthe level representatiogcanbe recorered,andthe
structuralanalysiscanbe undertalenin the sameway asif thelevel representatiowasestimated
directly. Theresultsof this procedurearecomparedo thoseof theunrestricted/AR case.

5.2.1 Calculationof ImpulseResponsefom the Level Representation

VAR Specification. Thesampleperiodfor this analysigs 1975to 1998,andthe datais quarterly
(for detailsseeA.1). For this period,theresere-orientednodelis a considerabl@approximatiorto
monetarypolicy in Germary. However, asshavn in Holtembdller (2001a) thereis someempirical
evidencethat doesnot supportthe resene-orientedmonetarypolicy model. Therefore the two-
pillar monetarypolicy rule modelis not excludeda priori.

32 Thedatais describedn AppendixA.

33 The sameanalysishasalsobeenconductedisinga short-terminterestrateinstead. The resultsarevery similar to
thosereportedhere.
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Ty = it + Z Az + uy, (5.7)

=1

whereu; compriseghe following deterministicterms: constantjineartime trend,seasonatium-

mies, the stepdummyDS902,andlagsoneto four of DS90234 The lag lengthselectioncriteria

suggesbne(SC),one(HQ), andseven(AIC) lags. Startingwith the mostparsimoniougag speci-
fication(SC,HQ: one),lagshave beenaddeduntil thereseemdo be no substantiahutocorrelation
left in theresidualswhichis the casefor £ = 4. Theresidualcorrelationmatrix is

1 —-0.09 —-0.20 0.20
—0.09 1 0.18 —0.09
—0.20 0.18 1 0.07 ’

0.20 —-0.09 0.07 1

(5.8)

from which can be seenthat thereis still correlationbetweenthe residuals’® This remaining
correlationis analyzedn thefollowing structuralanalysis.All impulseresponsearedepictedout

only theimpulseresponseselatedto monetarypolicy arediscussedh thetext. Thefigureshaveto

bereadasfollows. The columnsrepresenthe variousinnovationsor shocksandin therows, the

responsef avariableto therespectie shockss presentedThelabeli: — m, for example,means
the responseof the mong/ stockon aninnovationin the interestrate. In caseof non-recursie

identificationschemesthe innovationsin the respectre equationcanbe interpretedexplicitly as
economicshocksandMP — p, for example,meangheresponsef the pricelevel on a monetary
policy shock.As mentionedbefore,the confidencébandsarecomputedoy addingandsubtracting
two asymptoticstandaraerrors.

(a) Recursve ldentification. Impulseresponsesninnovationsin m (figure2) and: (figure3) that
arecalculatedusingthe recursve identificationschemeandthe ordering(p, v, i, m) areshavn in
column(a) of figures2 and3 in AppendixD.3® This orderingis choserbecausét canbeassumed
that the financial variablesi andm have no contemporaneousffect on inflation and output but
have aneffectin laterperiods. This orderingis alsochosernby Leeperetal. (1996). Theliquidity
puzzlecanbeobsered: innovationsin the mong/ stockhave a positive effect on theinterestrate.
An increasan the money stockhasthe expectedpositive effect on the future price level andonly
a smallandmerelysignificantimpacton output. The price puzzleoccurs:the responsef prices
on apositive innovationin theinterestrateis positive.

(b) Resere-orientedVlonetaryPolicy Model. The identificationschemehatis implied by the
resere-orientedmonetarypolicy modelis givenin equation(4.15). The matricesA and B are
estimatedn theway describedn sectiond, andthe resultsof this estimationarereportedn table
2, AppendixC. Thecorrespondingmpulseresponsesanbeseenn column(b) of figures2 and3.

34 DS902is zeroup to thefirst quarterof 1990,andoneafterwards.With this dummyvariablethe structuralbreakin
thedatadueto the Germanunificationis modeled.

35 The correlationbetweenthe differentresidualsis only weakly significant. If the residualcorrelationmatrix was
an identity matrix, the residualswould alreadybe orthogonal. However, comparingthe forecasterror impulse
responsegwhich aregivenby &, in equation(4.10), but are not depictedhere)with the orthogonalizedmpulse
responseshaws thatthereis somesystematignformationleft in theresidualcrosscorrelations.This is reflected
by significantnon-zerocontemporaneousrthogonalizedmpulseresponses.

36 Theimpulseresponsesn innovationsin p andy arenot of interestin this context. They aredepictedin alonger
versionof this paperthatis availableon theauthorshomepage.
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thelnnovatlonln the money/ equationasa monetarysupplyshock(MS) An increasan the money

stockleadsto increasinguture prices,andalsoto a contemporaneoutecreasén theinterestrate
(this is not obviousin the figure but canbe confirmedby looking at the numericalvaluesof the

impulseresponseandthe correspondingtandarderror). After a shorttime, however, the interest
rateincreases.This effect canpossiblybe explainedby the Fishereffect. Individualsexpectthe

increasan the pricelevel andadjusttheir inflation expectations Adding therealinterestrateand

increasingexpectednflation yieldstheincreasingnominalinterestrate. In thethird columnit can
be seenthat a price puzzledoesnot occur: a shockthatincreaseshe interestrate doesnot lead

to increasingprices. This setof impulseresponsess thereforemore compatiblewith standard
assumptiongboutreactiongo innovationsin mongy stockandinterestratethanthe oneimplied

by therecursve identificationscheme.

(c) Two-pillar MonetaryPolicy Rule Model. The estimatedstylizedtwo-pillar monetarypolicy
rule is givenin the third row of the A-matrix in the middle part of table 2. Innovationsin the
money stockhave the expectedmpacton theinterestrate, but the actualinnovationsin the price
level enterthemonetarypolicy rule with thewrongsign. Thereforetheimpulseresponsesnplied
by this structuremay not be asexpected,too. They aredepictedin column(c) of figures2 and
2. The mongy demandshockis essentiallythe sameasin the resere-orientedmonetarypolicy
model, and the monetarypolicy shockin column (c) is essentiallythe negatve mone/ supply
shockin column(b).Giventhewrongsignandnon-significancef the pricelevel coeficientin the
two-pillar monetarypolicy rule, the resene-orientednonetarypolicy model,in which the money
stockis the monetarypolicy variable,seemdo be a reasonabl@approximatiorto monetarypolicy
in Germary from 1975to 1998.

(d) Leeperetal. (1996)ldentificationScheme. For comparisorpurposesthelLeeperetal. (1996)
identificationschemethatis describedy (4.20),is alsoconsideredThe SVAR estimatiorresults
canbefoundin thelower partof table 2, andthe correspondingmpulseresponseareshown in

column(d) of figures2 and3. The mong/ demandshockhassensibleresponseghereis no price
puzzle. Furthermoreasthe fourth columnshaws, anincreasdan the money stockhasa positive
impacton the future pricelevel. However, thereremainsaliquidity puzzle.

In the next section,the robustnesof theseresultsis examinedby repeatingthe analysisusinga
vectorerrorcorrectionmodel(VECM) insteadof the VAR modelin levels.

5.2.2 Calculationof ImpulseResponsegom the VECM Representation

VECM Specification. Theanalysisin Holtenmbller (2001a)hasshowvn thatthe variablesconsid-
eredherearenot stationarybut integratedof orderone. To incorporatethis stochastiqropertyof
thedata,thefollowing VECM is estimated:

Axy = iy + [IT : 1] [ dy 1 ] +ZF Az + uy, (5.9)

whered, is the stepdummyDS902for the Germanunification,and y; containsa constantsea-
sonaldummies,andthe first differencesof DS902up to lag three. The Johanserraceteston
cointggrationis appliedin combinationwith simulatedcritical valuesthatconsiderthe presencef
a dummyvariablethatis restrictedto the cointegrationspace. The resultsof the Johansenrace
testare (5% critical valuesin braclets, the constructionof thesecritical valuesis explainedin
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(5.89). H; is the hypothesighatthe cointegrationrankis at mosti. The hypothesiss rejectedfor
i = 0 andi = 1 atasignificancdevel of 5%, suchthata cointegrationrankof two is applied®’

Theresidualcorrelationmatrix is

1 —-0.09 -0.14 0.16
—0.09 1 0.12 —-0.11
—-0.14 0.12 1 0.03

0.16 -0.11 0.03 1

(5.10)

The signsarethe sameasin the residualcorrelationmatrix obtainedfrom the estimationof the
VAR in levels. Themagnitudesreslightly different,but thereis still contemporaneousorrelation
betweenthe residuals,seealsofootnote 35. Now, the VAR representatiorns derived from the
estimatedVECM suchthatimpulseresponsesanbe calculated.

(a) Recursve Identification. Theorderingof the variablesis asbefore: (p, y, i, m). Theimpulse
responsegmnplied by the VECM andtherecursve identificationschemeareplottedin column(a)
of figures4 and5. Most of theresponseareasexpected.Thereis noliquidity effect,andtheprice
puzzlecanstill be obsered. It shouldbe mentioneathatthe effect of anincreasingnoney stock
on the price level is now of permanennature. The possibility of permanentmpactsof shocksis
introducedby consideringhe instationarybehaior of thevariables.In stableVARs, theimpulse
responsesorverge alwaysto zerowith increasinghorizon.

(b) Resere-orientedMonetaryPolicy Model. Fromtable3 it canbeseerthatthepointestimates
for the entriesof the matrix A arevery similar to thosecalculatedform the VAR level represen-
tation. In generalthisis alsotrue for theimpulseresponsegcolumn(b) in figures4 and5), but
therearesomedifferencesFor examplethe price puzzleis not solvedin this specificationandthe
impactof anincreasen theinterestrateon outputis now permanenandnottransitory Finally, the
smallinitial liquidity effect canalsobe obsened here,but without the overcompensatingffects
thatareobsenredin figure 2. However, the resultof the modelin levelsthatthe resene-oriented
monetarypolicy modelseemgo be avalid identificationschemdor Germauy is supportedy the
structuraVECM.

(c) Two-pillar MonetaryPolicy Rule Model. In caseof thetwo-pillar monetarypolicy rule iden-
tification schemethe point estimatedor the entriesof A — givenin the middle part of table3 —
differ from the correspondinggstimatesn table2. For example,the monetarypolicy rule is now

estimatedvith plausiblesigns,andsmallerstandarcerrors. Theimpulseresponseook alsocon-
vincing, seecolumn(c) in figures4 and5. Restrictve monetarypolicy shockshave a negative
impactonthepricelevel. However, this effect diesout aftera few periods.Thereis alsoaliquidity

effectin the sensethatthe money stockis negatively affectedby the monetarypolicy variablein

thismodel,namelyi. However, the positive innovationsin the money stockhave a positive impact
on theinterestrate. Therefore the resere-orientednonetarypolicy modelmay still be regarded
asthe mostappropriatédentificationschemeor the monetarytransmissiorprocessn Germauy.

37 The cointegrationrelationsare not reportednere,andthey are not usedin the further analysis. Of course,it is
possibleto combinea detailedspecificatiorof the cointegrationrelationswith the SVAR methodology This is for
exampledonein Briiggemanr{2001).
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schemen the VECM givesagainavery similar plctureto thatin the unrestricted/AR case. The
estimatedor A and B canbe found in the lower part of table 3 andthe impulseresponsesre
depictedn column(d) in figures4 and5. Theimpulseresponsediffer from theresponses case
of theunrestricted/AR only in the permanencef someeffects.

5.3 EmpiricalMonetaryPolicy Analysisfor the EuroArea

The sampleperiodfor thefollowing analysisof monetarypolicy effectsin the Euro Area(without
Greece)s 1980:1to 1999:4. The datais quarterlyandseasonallyunadjustedfor detailsseedata
appendix. The vector of endogenouwariablesconsistsof the samevariablesas before: x; =

(pe, vt, 1, my)', wherei, is againalong-terminterestrate. This applicationshouldbeinterpretedas
anexamplefor futureinvestigationbecause¢herehasbeenno singlemonetarypolicy in the Euro
Areain thesampleperiod. Theassumptiorof anareawide monetarypolicy in this sampleperiod
hasalsobeenmadeby Monticelli andTristani(1999)andBrandandCassolg2000).

5.3.1 Calculationof ImpulseResponsegom the Level Representation

As a VAR modelfor the Euro Area, equation(5.7) canbe applied,but ;; now comprisesonly a
constantseasonatilummiesandalineartime trend. Otherdummyvariablesarenot neededn this
casebecausehe datais adjustedor the Germanunification(andalsootherstructuralbreakslik e
reclassificationsr areachangespy theECB. Thelaglengthssuggestethy informationcriteriaare
one(SC),six (HQ), andeight(AIC). While alaglengthof onedoesnotremove all autocorrelation
from the VAR residualsthereseemgo be no substantiabutocorrelatioreft afteraddinglagsup
to lag lengthfour. Thereforethelaglengthis setto £ = 4. Theresidualcorrelationmatrix is

1 041 0.00 0.17
0.41 1 0.08 0.10
0.00 0.08 1 0.23 |’
0.17 0.10 0.23 1

(5.11)

which exhibits somedifferencesomparedo theresidualcorrelationmatrix in the Germancase®
It might be expectedthattheimpulseresponsealsoshow adifferentpicture.

(a) Recursve Identification. Usingtherecursve identificationschemethe price puzzlecanalso
beobsenedin the EuroArea,seecolumn(a) in figure 7. Additionally, it canbe seerthatinnova-
tionsin the money stockleadto futureincreasesn the pricelevel, seecolumn(a) in figure6. The
responsesf the interestrateandthe money stockon eachotherarenot significantin large parts
of the consideredorizon,aliquidity effect cannotbe obsenred.

(b) Resere-orientedMonetaryPolicy Model. The estimatedor A and B aregivenin table4.
Despitethe fact that by far not all of the Euro areacountrieshave followed a resere-oriented
monetarypolicy, theimpulseresponsesor this casein column(b) of figures6 and7 give amore
plausible picture than thoseimplied by the recursve identification scheme. However, thereis
still a smallpositive impactof anincreasen theinterestrateon the price level after six quarters.

38 |t is againassumedhattheresidualcorrelationmatrixis notanidentity matrix. This assumptioris in thefollowing
supportedy significantcontemporaneousthogonalizedmpulseresponsefor innovation-responseombinations
with two differentvariables.
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innovation in the moneg/ stock leadsto a contemporaneoudecreasen the mterestrate This
effectis (over)compensatedfter somequartersy theincomeand/orFishereffect thathave been
describeckarlier Theresponsef thepricelevel onamoney supplyshockis alsoasexpected:The
price level increasewith a considerabldime lag after a positive innovationin the money stock
hasoccurred.

(c) Two-pillar MonetaryPolicy Rule Model. As discussedn section4.3, this modelcanbein-
terpretecasanapproximatiorto themonetarypolicy stratgy of the ECB. Likeit is thecasen the
analysidor Germaly, theimpulseresponsesnplied by thisidentificationschemearevery similar
to thosecalculatedvith theresenre-orientednonetarypolicy identificationschemeA contractve
monetarypolicy shockexpressedy apositiveinnovationin theinterestratehasa negativeimpact
onthepricelevel afternineto twelve quartersa smallandtransitorynegative effectonrealoutput,
anda negative impacton the money stock. The price puzzlecannotbe obsened. However, the
estimatedmonetarypolicy rule is not corvincing becausehe coeficient of priceshasthe wrong
sign,butis notsignificant,seetable4. This canpossiblybeexplainedby thefactthatpricestability
in the euroareahasnot hadthe sameimportancein the sampleperiodasit hasnowadays. The
positive contemporaneousffect of a positive innovationin themoney stockon theinterestrateis
still puzzling.

(d) Leeperetal. (1996)IdentificationScheme. For the Euroarea,the Leeperetal. (1996)iden-
tification schemeseemdo be not appropriate.The price puzzleoccurs,andthe responsef the
pricelevel on a monetarypolicy shock,representetdy column(d) of figure6, is not plausible:an
expansve monetarypolicy shockthatincreaseshe money stockanddecreasetheinterestratehas
anegative impacton thefuturepricelevel.

5.3.2 Calculationof ImpulseResponsegom the VECM Representation

VECM Specification. The stochastiqropertiesof the consideredcuro areatime seriesaredif-
ferentfrom the correspondingsermantime series. While nominalmoney is anl(1) variablein
Germary, the Euroareamoney stockM3 is anl(2) variable® The vectorerror correctionmodel
in thel(2) casecanbewritten as:

2
AQ.I't = /.Lt + H.I't,1 + FA.Tt,1 + Z ‘IIiAZCCt,i + Ut. (512)

=1

1 containsagainthe deterministicterms. The exact specificationof the deterministictermsis
determinedogetherwith the cointeggrationindicesr (numberof 1(0) relations)ands (numberof
I(1) relations)usingthe testproceduredescribedn Holtenbller (2001b). The valuesof the test
statisticS, ; canbefoundin tablel. Following theargumentof Juseliug1998),the cointegration
indicesarenot only determinecdbn the basisof the testresultsbut alsoon the basisof economic
plausibility. At a significanceevel of 5%, the testprocedurestopsat model2, r = 2, ands = 0
implying p — » — s = 2 stochastid(2) trends. The differencebetweenS,, = 35.65andthe
corresponding% critical value(36.12)is very small. The next teststatisticin the testprocedure
is S21 = 25.00with acorrespondingritical valueof 26.00.This scenarids muchmoreplausible
from an economicpoint of view. Thel(2) variablesin this systemarem andp, andit is shavn

39 Theorderof integrationof Euroareamoney andpricesis analyzedn Holtembller (2001b). Thestatisticalanalysis
of I(2) variabless alsoexplainedthere.
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lablel: TestingHypotnesesbouttne Cointggrationinaices,curoAreasystem

r Model S, Q-
0 2 172.13 128.97 111.55 102.48 100.31
3.1 17213 125.83 105.89 93.93 87.93
3.2 170.01 123.71 103.85 92.35 87.93
1 2 96.55 67.44 56.42 53.76
3.1 101.30 64.60 49.28 42.69
3.2 98.21 62.19 47.75 42.69
2 2 3565 25.00 22.93
3.1 39.63 26.58 18.38
3.2 36.53 24.27 18.38
3 2 13.26 8.31
3.1 1294 8.30
3.2 9.00 8.30
p—r—s 4 3 2 1 0

Notes: TeststatisticS,. s for testinghypotheseaboutthecointegrationindicesandthedeterministidermsasdescribed
in Holtemdller (2001b). The columnModel refersto the deterministiomodel,seeHoltembdller (2001b)and Mosconi
(1998, p. 27). Centeredseasonatlummiesareincludedin all casesA hypothesigs not rejectedf theteststatisticis

smallerthanthe correspondingritical value. Thesecasesareindicatedby bold face.Thecritical valuescanbefound

in the Holtembller (2001b),for example.

in Holtembller (2001b)that thesetwo variablescointggrateto an I(1) relation. Therefore,the
cointegrationindicesr = 2 ands = 1 arechosen.Now, the VECM (5.12)is estimatedisingthe
two-stepreducedankestimationprocedureé® Theresidualcorrelationmatrix is

1 045 0.02 0.16
045 1 0.11 0.09
0.02 011 1 023 |’
0.16 0.09 0.23 1

(5.13)

whichis very similarto theresidualcorrelationin the unrestricted/AR model.

(a) Recursve Identification. Theimpulseresponses this case seecolumn(a) of figures8 and
9 arealmostthe sameasin the unrestrictedVAR case.Thatis, the price puzzlecanbe obsened,
anda liquidity effect cannotbe seen.The only differences thatthe responsesf somevariables,
for examplethe responseof realincometo aninnovationin the price level, diverge. Thisis a
consequencef thel(2) specification.

(b) Resere-orientedVionetaryPolicy Model. TheestimatedmatricesA and B exhibit only mi-
nor differencedo their counterpartsn the unrestrictedVAR case seetable5. Consequentlythe
impulseresponse®ok alsovery similar, which canbe seenby comparingfigures6/7 and8/9.

40 The two-stepestimationprocedureproposedby Johanserf1995)is explainedin Holtembller (2001b). The I(2)
VECM is estimateduisingthe RATS applicationMalcolm 2.2. Thefollowing structuralanalysiss againperformed
with Mathematicausingthelevel representatioof the VECM reportedby Malcolm.
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processequallywell asin the unrestrlcted\/AR case,seecolumn(c) of figures8 and9. In par

ticular, thereis no price puzzle,the price level respondsiegatively to positive innovationsin the
interestrateafterabout6 quarters Additionally, aliquidity effectcanbeobsenedin thesensdhat
positive innovationsin the interestratelower the money stock. The signof the price level coefi-

cientin thetwo-pillar monetarypolicy rule s still not compatiblewith thetheoreticalexpectation,
seetableb.

(d) Leeperetal. (1996)IdentificationScheme. ForthelLeeperetal. (1996)identificationscheme
applythesameaemarksasin theunrestricted/AR case.Theimpulseresponsearenotasplausible
asin thetwo-pillar monetarypolicy rule model.

5.4 SummaryandCiritique of Empirical Results

Onefinding of theempiricalinvestigatiorof monetarypolicy shocksandtheresponsesf macroe-
conomicvariablesontheseshockss thatthe choiceof theidentificationscheméhasa considerable
impacton the signandthe shapeof theimpulseresponsesTherefore jt seemamportantto have
a plausibleeconomidnterpretatiorof the appliedidentificationscheme Therecursve identifica-
tion schemehasnot to be excludeda priori; theremay be applicationan which therecursveness
is a propertyof the“true” model. However, in mary casesa modelbaseddentificationschemds
presumablypreferred.Theresene-orientednodelfor Germaty andthe stylizedtwo-pillar mone-
tary policy modelfor the Euroareaseento beappropriatadentificationschemesn the sensehat
they produceimpulseresponseshat arecompatiblewith widely acceptedassumptiongboutthe
monetarytransmissiorprocess.

However, it is notclearsofar, how long-runcointegrationanalysisandshort-runstructuralanalysis
influenceeachother As noticedabove, theimpulseresponsedo not dependon theway the VAR
is estimatedthe unrestrictedVAR andthe VECM producethe sameimpulseresponsesat least
asymptoticallyandif the cointegrationrestrictionsare correctlyspecified. This canwell be seen
in the Euroareainvestigation.Theresultsof theimpulseresponsanalysisarevery similar in the
unrestricted/AR caseandin the VECM case.Ontheotherhand,Benkwitzetal. (2001)show that
in empiricalapplicationsnot only the width of confidencebandsbut alsothe impulseresponses
themselescanbe differentwhenthey are estimatedrom the unrestrictedVAR modelandfrom
therestrictedVECM.

In practice jt maybehelpfulto specifythelong-runcointggrationrelationsfirst, andusethisinfor-
mationfor theidentificationof the contemporaneouglationshipsA studyproceedingn thisway
istheanalysisof aGermarmmoney demandsystemby L titkepohlandWolters(1999). Theseauthors
considerthe variablesreal mongy, grossnationalproduct,inflation, andinterestratespread First,
they specifya mongy demandcointegrationrelation applying a single equationerror correction
approachthen,they includetheresultingerrorcorrectionterm andlaggeddifferencef the en-
dogenouwariablesnto a structuraimodelfor thefirst differencesThestructuraimodelallows for
contemporaneou®lationsbetweernthe variablesandis estimatedisingthree-stagéeastsquares.
An eliminationproceduras appliedto eliminateinsignificantregressorsThe estimatedstructural
form is thenusedto calculateforecasterrorimpulseresponsesThis procedurenasthe disadan-
tagethatalarge numberof restrictionsstemsfrom a sequentiaktatisticaleliminationprocessuch
thatthe economiamplicationsimposedby theserestrictionsarenot easyto see.Furthermorethe
singleequationestimationof the cointegratingvectoris only valid if the cointegrationrankis one.
However, this procedurdakesalsocareof the well known problemthatthe numberof estimated
parameteré a VAR modelis relatively large. Thelargerthenumberof parameterghelargerare
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theVAR framework thls problemcanalternatvely be addressem thefollowmg way: the number
of parametersanbereducediy imposing(zero)restrictionson someof the coeficientsin thema-
trices 4;.*' A consequencef imposingrestrictionson the VAR parameterss thatthe lik elihood
functionfor the estimationof the structuralparametersn the matricesA and B cannotbe calcu-
latedlike it is donein section4.1, seefor example(Hamilton,1994,p. 331f.). The combination
of subselVAR modelandSVAR modelmaybe aninterestingtopic for furtherresearch.

6 Conclusions

In this paperthemonetarypolicy conceptiorin Germalry from 1975to 1998,themonetarypolicy

stratgy in the Euroareafrom 1999up to now, andtherespectie implementatiorby the Bundes-
bankandthe EuropearCentralBankareexplained.Both the Bundesbanlkandthe Eurosystenare
committedto maintainprice stability. While themonetarypolicy of the Bundesbankrom 1975to

1998canbedescribechsmonetarytargeting,the Eurosystenhasadoptedatwo-pillar strategy that
focuseson the monegy stockaswell ason otherrisksto price stability. The Eurosystenstratey

shouldnot be confusedwith monetarytargeting. An interestraterule seemsmoreappropriateo

describethe way how monetarypolicy is implementedn the Euroarea.

A theoreticalframevork is developedthatallows to incorporatethe differencesn monetarypoli-
ciesin empiricalmodelsof the monetarytransmissiormprocess. This frameavork consistsof an
IS-LM-AS modelextendedby aregime specificmonetarypolicy rule. It is shavn how this frame-
work canbe combinedwith the SVAR methodologyFinally, the framavork is appliedto analyze
monetarypolicy in Germaly andin the Euro areaempirically. For Germary a resere-oriented
monetarypolicy model,andfor the Euro area,a stylizedtwo-pillar monetarypolicy rule model
work reasonablywell. While the widely usedrecursve identificationschemegCholeslk decom-
position)fails to produceimpulseresponsethatare compatiblewith standarcassumptionsibout
themonetarytransmissionmechanismthetwo modelbaseddentificationschemesuggestetiere
producesensibleémpulseresponseets. The mainconclusionis thereforethatthe statisticalVAR
modelshouldbe augmentedvith economicstructurein empiricalapplications.This canbe done
by cointeggrationanalysisand by analyzingthe contemporaneoulationshipsetweenthe vari-
ablesusingthe SVAR approacHikeillustratedhere.

41 VAR modelswith restrictionson someof the coeficientsarecalledsubselVAR models,seefor exampleBriigge-
mannandL Utkepohl(2001).

24



MMM CTTUIA/M. Al

A.1 GermanData

M3: Endof monthmoneg stockM3 (curreny in useplus sightdepositsof domesticnon-banks
at domesticbanksin Germaiy plustime depositdor lessthanfour yearsof domesticnon-
banksat domesticbanksplus savings depositsat three months’ notice of domesticnon-
banksat domesticbanksin Germay) in billions of DM, seasonallyunadjusted.Monthly
data(TUO0800)from the CompactDisc DeutscheBundesbanK1998), continuedwith data
from the monthly bulletin of the DeutscheBundesbanktablell.2. 1975:01-1990:8Nest
Germalry, and1990:06-1998:1Zermaly, not adjustedfor Germanunification. Quarterly
dataareendof quarterstocks.

Nominal GDP: Grossdomesticproductin currentprices,in billions of DM, seasonallyunad-
justed. Quarterlydata(DQO0727)for 1975:01-1990:02West Germauy, from the Compact
Disc DeutscheBundesbank(1998), continuedwith datafor 1990:03-1998:04Germary,
from Deutschednstitut fur WirtschaftsforschungDIW) Berlin (from the DIW-statfinder:
http://lwww.diw-berlin.de).

Real GDP: Grossdomesticproductin 1991 prices,in billions of DM, seasonallyunadjusted.
Quarterlydatafor 1975:01-1990:02NestGermaury, from the CompactDisc DeutscheBun-
desbank1998)(DQ0728).Datafor 1990:03-1998:04Germauy, is calculatecastheratio of
nominalGDP andGDP deflator

GDP deflator: Nominal GDP divided by real GDPR, 1975:01-1990:02quarterlydata,WestGer
mary, continuedwith GDP deflator 1990:03-1998:04quarterlydata,Germaiy, from DIW
Berlin (DIW-statfinder:http://www.diw-berlin.de).

Long-terminterestrate: Yields on bondsoutstandingissuedby residents,monthly averages,
fractions,monthly data(WU0017) from the CompactDisc DeutscheBundesbanK1998),
continuedwith datafrom themonthlybulletin, tableVIl.5. Quarterlydataaretherespectre
valuesof thelastmonthin aquarter

A.2 EuroAreaData

The Euro areadatawas provided by Nuno Cassola.Furthernoteson the constructiorof the euro
areaaggreates(11 countries)beforethe introductionof the euro (backto 1980) can be found
in Brand and Cassola(2000). The definition of the variablesis as follows (adjustedstocksare
constructedvith flow statistics):

M3: Adjustedstockof the euroareamonetaryaggrgyateM3 in billions of euro. The quarterly
dataareaverage®f monthlydata.Theindex of stocks(Decembed 998= 100)is multiplied
by the Decemberl998stockof M3. The percentagehangebetweenary two dates(after
October1997)correspondso the changein the aggreyateexcluding the effect of reclassi-
ficationsetc. M3 comprisesMi1 andin addition, depositswith agreedmaturity up to two
years,depositsredeemablat notice up to threemonths(M2) and marketableinstruments
issuedby the MFI sector(repurchasagreementsnong market fund sharesmoneg/ market
paperanddebtsecuritieaup to two years).

RealGDP (Y"): Nationalserieson real grossdomesticproductat market pricesareaddedafter
they have beenrebasedo acommonbaseyear(1995)andcorvertedto eurovia theirrevoca-
ble fixed corversionratesof 31 Decemberl998. Adjustedfor Germanunification. Billions
of euro.
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addedafterthey have beencorvertedto eurovia the irrevocablefixed corversionratesof
31 Decemberl998. Adjustedfor Germanunification. Billions of euro. ESA95datato the
widestextentpossible.

GDP Deflator (GDPP) Nominal GDPdividedby real GDP.

Long-terminterestrate Weightedaverageof euro-1lannuallong-terminterestrates. Weights:
GDP weightsat purchasingoower parity exchangeratesin 1995. Nationalseriesarefrom
the Bankfor InternationalSettlements]0-yeargovernmentbondyield or closestsubstitute.
Fractions.

AppendixB. NumericalMaximizationof the SVAR
Log-LikelihoodFunction

The methoddescribedn this sectionis a methodof the Marquardttype, thatis, it is anextension
of the methodof scoringin orderto reducenumericalproblems,especiallyin the caseof a near
singularinformation matrix. The methodbelongsto the classof ordinarygradientmethodsand
canbecharacterizetby theiterationalgorithnf?

"t = 9" + B D", (2.1)

wherethe variableghatarefreely estimatedarecollectedin therow vectoré’, thatis in theactual
casef = [v,v;]. The positive scalarh™ is the stepsize of eachiteration step,and D" is the
directionvectorwhich is definedasthe productof a weightingmatrix W™ andthe gradientof the
objective functionin row form, evaluatedat6™:
!
) : (2.2)

While the Newton-Raphsommethod,thatis derived from a second-ordefraylor seriesexpansion
aroundd™, useshe negative inverseof the Hessian

o
0000

asweightingmatrix, the methodof scoringreplaceghe Hessiarwith the negative of theinforma-
tion matrix

oL
Dn - Wn[:gm, EO’" = (—
a9 |,

(2.3)

I1[0] = —E[H], (2.4)
suchthat
O = 0" — (—1[0™]) " Lo (2.5)

The abore mentionedextensionis capturedoy
0" = 0" — (1[0 — alyy i) Lom. (2.6)

The parametery is determinedy
a =X\ + R||Lgn|, (2.7)

where)\; is thelargesteigervalueof H, and R is chosenindividually dependingon the goodness
of the quadraticapproximationof the objectie function thathasbeenusedabove in the Taylor

42 This follows GoldfeldandQuandt(1972)andJudgeet al. (1988).
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a > 0and(2.5)if a < 0. Theiterationalgorithmstopsif usualcorvergencecriteriaareachiered
(absolute/relatie increasen thelog-likelihoodor absolute/relatie changen 6 arebelow acertain
boundor a total numberof iterationsis reached).

The gradientvectorandthe informationmatrix are givenin AmisanoandGiannini (1997). The
calculationsn sectionb aredoneusingaMathematicamplementatiorof thisalgorithm. A version
of this paperwith moretechnicaldetailsis availableontheauthors homepage.
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AppendixC. SVAR EstimationResults

Table2: SVAR Results,Germaly, VAR Model (5.7)

Resere-orientedvionetaryPolicy Model (4.15)

Numberof iterationstepss 36. The maximizedlog-likelihoodis 1293.76

A B
D Y 1 m el €9 es €4
IS 2.26 1 2.26 0 0.02 0 0 0
(0.96) -  (096) - |(0.00) - - -
AS |-9.36 1 0 0 0 0.04 0 0
(4.48) - - - - (002 - -
MD| -1 —-2.92 11.58 1 0 0 0.07 0
—~  (3.69) (16.05) - - - (0.09) -
MS 0 0 —-0.26 1 0 0 0 0.01
- - (025 - - - - (0.00)

Two-pillar MonetaryPolicy Rule Model (4.19)

Numberof iterationstepss 34. Themaximizedlog-likelihoodis 1296.06

A B

D Y { m el €9 €3 €4

AS 1 -094 O 0 0.00 0 0 0

— (05 - — (.00 - - -

IS 2.04 1 2.04 0 0 0.02 0 0

(485 -  (0.85) — - (0.00) - -

MP | 1.33 0 1 -3.06/ O 0 0.02 0

(1.16) - - @4)| - - (002 -
MD| -1 —-2.97 12.25 1 0 0 0 0.07
—  (429) (18.88) - - - - (011

Leeperetal. (1996)IdentificationSchemg4.20)

Numberof iterationstepss 15. Themaximizedlog-likelihoodis 1297.14

A B

D Y { m e €9 es3 €4

P 1 0 0 0 000 O 0 0

- - - - (0.00) - - -

P, | 0.30 1 0 0 0 002 0 0

(0.37) - - - - (0.00) - -

MD| 043 -0.08 1 -0.52| O 0 0.01 0

(0.18) (0.05)  — (0.28) | - - (0000 -
MP| O 0 1.29 1 0 0 0 0.01
- - (0.86) - - - - (0.00)

Notes: SVAR estimationalgorithmasdescribedn Appendix B. The algorithmstopsif the relative changeof the

log-likelihoodis smallerthan0.00001.Standarckerrorsin braclets.
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Table3: SVAR Results,Germaly, VECM (5.9)

Resere-orientedvionetaryPolicy Model (4.15)

Numberof iterationstepss 36. The maximizedlog-likelihoodis 1337.43

A B
D Y [ m el €9 es €4
IS 1.67 1 1.67 0 002 O 0 0
(081 - (081 - |(0.00 - - -
AS |-1154 1 0 0 0 005 O 0
(6.88) - - - - (002) - -
MD| -1 -263 11.30 1 0 0 006 O
- (354) (17.03) - - - (009 -
MS 0 0 -020 1 0 0 0 0.01
- - (©2n - - - - (0.00

Two-pillar MonetaryPolicy Rule Model (4.19)

Numberof iterationstepss 48. Themaximizedlog-likelihoodis 1337.27

A B
P Y 1 m el €9 es3 €4
AS 1 —-757 O 0 0.10 0 0 0
- (@ron - - |35 - - -
IS 20.16 1 2016 O 0 0.11 0 0
(22.38) -  (22.38) - - (013) - -
MP | —1.62 0 1 -051 O 0 0.01 0
(0.46) - - (019 | - - (0.00) -
MD -1 0.01 0.27 1 0 0 0 0.01
- (0.07) (0.22) - - - - (0.00)

Leeperetal. (1996)IdentificationSchemg4.20)

Numberof iterationstepss 15. Themaximizedlog-likelihoodis 1339.94

A B
p Y i m el e es e
P, 1 0 0 0 0.00 O 0 0
- - - - (00 - - -
P, 0.33 1 0 0 0O 001 O 0
©37) - - - - (000) - -
Mb| 037 -0.07 1 -067] O 0O 001 O
(0.23) (0.06) -  (051)| - - (0.00) -
MP 0 0 1.57 1 0 0 0 0.01
- - @3y - - - - (0.00)

Notes: SVAR estimationalgorithmasdescribedn Appendix B. The algorithmstopsif the relative changeof the

log-likelihoodis smallerthan0.00001.Standarckerrorsin braclets.
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Table4: SVAR Results EuroArea, VAR Model (5.7)

Resere-orientedvionetaryPolicy Model (4.15)

Numberof iterationstepss 17. Themaximizedlog-likelihoodis 1257.51

A B
p 1Y 7 m el €9 es €4
IS | 2.23 1 2.23 0 001 O 0 0
(142 - (1420 - |(©01) - - -
AS | -343 1 0 0 0 001 O 0
(082 - - - - (0.00) - -
MD| -1 -0.61 2.84 1 0 0 001 O
- (0.38) (1.83) - - - (001 -
MP| O 0 -058 1 0 0 0 0.00
- - (021 - - - - (0.00)

Two-pillar MonetaryPolicy Rule Model (4.19)

Numberof iterationstepss 19. Themaximizedlog-likelihoodis 1257.89

A B

D Y { m el €9 es es

AS 1 -025 O 0 0.00 0 0 0

- (0.10) - - (0.000 - - -

IS | 1.51 1 1.51 0 0 001 O 0

(1.62) - (1.62) - - (0.01) - -

MP | 0.31 0 1 =207 O 0 001 O

(0.60) - - (1.24) - - (0.000 -
MD| -1 -0.86 4.69 1 0 0 0 0.02
- (1.01) (6.99) - - - - (0.02)

Leeperetal. (1996)IdentificationSchemg4.20)

Numberof iterationstepss 16. The maximizedlog-likelihoodis 1257.60

A B
p Y : m €1 €2 es ey
P 1 0 0 0 0.00 O 0 0
- - - - |00 - - -
P, [-1.21 1 0 0 0 001 O 0
031 - - - - (000) - -
MD |-0.46 -0.08 1 245 | 0 0 001 O
(1.06) (0.23) -  (6.20)| - - (002 -
MP| O 0 -218 1 0 0 0 0.01
- - (802 - - - - (0.01)

Notes: SVAR estimationalgorithmasdescribedn Appendix B. The algorithmstopsif the relative changeof the

log-likelihoodis smallerthan0.00001.Standarckerrorsin braclets.
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Table5: SVAR ResultsEuroArea, VECM (5.12)

Resere-orientedvionetaryPolicy Model (4.15)

Numberof iterationstepss 18. Themaximizedlog-likelihoodis 1298.53

A B
p 1Y 7 m el €9 es €4
IS | 2.43 1 2.43 0 001 O 0 0
@72 - (@72 - |(©01) - - -
AS | -3.72 1 0 0 0 001 O 0
©87 - - - - (0.00) - -
MD| -1 -0.64 3.28 1 0 0 001 O
- (043) (229 - - - (001 -
MS| O 0 -054 1 0 0 0 0.00
- - (020 - - - - (0.00)

Two-pillar MonetaryPolicy Rule Model (4.19)

Numberof iterationstepss 20. Themaximizedlog-likelihoodis 1298.93

A B

D Y { m el €9 es es

AS 1 -023 O 0 0.00 0 0 0

- (0.09) - - (0.000 - - -

IS 1.62 1 1.62 0 0 0.01 0 0

(1.93) - (1.93) - - (0.01) - -

MP | 0.30 0 1 219 O 0 0.01 0

(0.62) - - (1.38) - - (0.000 -
MD| -1 -0.88 5.24 1 0 0 0 0.02
- (1.13) (8.43) - - - - (0.02)

Leeperetal. (1996)IdentificationSchemg4.20)

Numberof iterationstepss 14. The maximizedlog-likelihoodis 1298.60

A B
p y : m | er e e e
P 1 0 0 0 0.00 O 0 0
- - - - |00 - - -
P, [-143 1 0 0 0 001 O 0
033 - - - - (000) - -
MD |-0.32 -0.06 1 178 O 0 001 O
(0.60) (0.14) -  (375)| - - (001 -
MP| O 0 -182 1 0 0 0 0.01
- - (232 - - - - (0.00)

Notes: SVAR estimationalgorithmasdescribedn Appendix B. The algorithmstopsif the relative changeof the

log-likelihoodis smallerthan0.00001.Standarckerrorsin braclets.
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Figure2: ImpulseResponseszermalty, VAR Model (5.7)
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Notes: Identificationschemes:(a) recursve (p, y,1,m), (b) resene-orientedmodel, (c) two-pillar monetarypolicy

rule model,(d) Leeperetal. (1996).
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Figure3: ImpulseResponseszermaty, VAR Model (5.7)
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rule model,(d) Leeperetal. (1996).
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Figure4: ImpulseResponseszermary, VECM (5.9)
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Figure5: ImpulseResponseszermaty, VECM Model (5.9)
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Notes: Identificationschemes:(a) recursie (p, y, i, m), (b) resene-orientedmodel, (c) two-pillar monetarypolicy

rule model,(d) Leeperetal. (1996).
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Figure6: ImpulseResponsesuroArea, VAR Model (5.7)
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Notes: Identificationschemes:(a) recursie (p, y, i, m), (b) resene-orientedmodel, (c) two-pillar monetarypolicy

rule model,(d) Leeperetal. (1996).
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Figure7: ImpulseResponsesuroArea, VAR Model (5.7)
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Notes: Identificationschemes:(a) recursie (p, y, i, m), (b) resene-orientedmodel, (c) two-pillar monetarypolicy

rule model,(d) Leeperetal. (1996).
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Figure8: ImpulseResponsesuroArea, VECM (5.12)
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Figure9: ImpulseResponsesuroArea, VAR Model (5.12)
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