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Abstract

In a world with imperfectcompetition,market externalitiesor asymmetricinfor-
mation,theimpactof money andmonetarypolicy ontherealsectordependsonthe
waymoney is created.Two conflictingviewsof money supplycanbedistinguished
in theliterature:theendogeneityview andtheexogeneityview. In this paper, both
views arediscussedandcomparedfrom a theoreticalandfrom anempiricalpoint
of view.

An industrialorganizationmodelof themoney-creatingsectorwith endogenous
money is presentedandcomparedto themoney multiplier approach.Theconcept
of a heterogeneousoligopoly is usedto modelthe credit market andthe deposits
market. Using the aggregatedbalancesheetof the bankingsector, endogenous
money is explainedby its counterparts,especiallyloans. The monetarybaseis
determinedendogenously, too, anda money multiplier equivalentexpressioncan
bederived.

A cointegratedvectorautoregressive modelfor thedevelopmentof thenominal
money stockin Germany in theperiodof monetarytargetingfrom 1975to 1998is
estimated.Theimplicationsof thetheoreticalmodelarecomparedto theproperties
of the estimatedVAR. It turns out that both the money multiplier approachand
the presentedmodelof the money-creatingsectorwith endogenousmoney fail to
explainall theempiricalevidencefrom theVAR model.
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1 Introduction

In a Walrasianequilibriummodelwith perfectmarkets,money is a veil. Themoney stockand
the money growth ratehave no impacton real variables,andmonetarypolicy doesnot affect
realactivity. But in reality, marketsarenot perfect;we observe imperfectcompetition,market
externalities,asymmetricinformation,andnominal rigidities. Therefore,it hasbeenbroadly
discussedwhethermonetarypolicy systematicallyaffectsreal activity. Friedman(1995,p. 2)
statesthattoday“economistsdoknow thatmonetarypolicy systematicallyaffectsrealactivity.”
But we do not know how money affects real activity. A prerequisiteof the analysisof real
effectsof money is theanalysisof themoney supplyprocess.An exogenousmoney stockthatis
controlledby a monetaryauthoritydoesnot play thesamerole in thetransmissionmechanism
like an endogenousmoney stockthat is demanddetermined.The purposeof this paperis to
analyzethetheoreticalimplicationsof theexogeneityview andtheendogeneityview of money
andto comparetheseimplicationsto empiricalevidence.

Thepaperis structuredasfollows. In section2, themoney multiplier approachis discussed,and
thedevelopmentof themoney stockin Germany from 1975to 1998is analyzedunderconsider-
ationof themonetarypolicy strategy of theDeutscheBundesbank.Afterwards,themodelingof
endogenousmoney in theliteratureis reviewed. In section3, anindustrialorganizationmodel
of themoney-creatingsectorwith endogenousmoney is developed.In section4, a vectorerror
correctionmodel(VECM) for thenominalmoney stock,themonetarybaseandrelatedvariables
is estimatedandanalyzed.Theempiricalresultsarecomparedto the implicationsof both the
money multiplier approachandthemodelpresentedin section3. Finally, section5 concludes.

2 ExogeneityandEndogeneityView of Money Supply

2.1 TheMoney Multiplier Approach

Thestandardtext bookapproachexplaining themoney stockoutstandingandits growth rate,
is themoney multiplier model.Many versionsof this modelarein use.They have in common
thatthemoney stock(

�
) is determinedby themonetarybase(or high-poweredmoney, � ) and

themoney multiplier ��� :1 � � �����	��
 (2.1)

Themonetarybaseis controlledby thecentralbank,andthemoney multiplier dependson the
behavior of the public (constantcurrency-depositratio, � ��
������ ), the commercialbanks
(reserve ratio asa function of interestratesanduncertainty),andthe centralbank(minimum
reserverequirements).Thesebehavioral determinantsenterthemoney multiplier in anonlinear
way. The simplestversionof the money multiplier is the following one: The money stock
consistsof currency in use(


��
) anddeposits(

�
):
� ��
�������� ������� ; andthemonetary

baseconsistsof currency in useandreservesof banks( � ): � ��
���� � . The (required)
reserve rateis � � � ��� suchthat��� � 
������ ��!
������"� � ��� � � ��!� � � 
 (2.2)

If thecentralbankis ableto forecastthemoney multiplier correctlyandis alsoableto control
themonetarybaseit cancontrolthemoney stock.Underthesecircumstances,themoney stock

1 The money multiplier approachis explainedin many macroeconomictext books. The following description
draws from DornbuschandFischer(1994).
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Figure1: Money Multiplier, Germany, 1975-1998
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Notes: Money Multiplier #$#&%(') , where * is the money stockM3 and + is the monetarybase,seedata
appendix.

is anexogenousvariableassumingthatthesupplyof depositsby thepublic is notrestrictedsuch
that
�,� � � � . Exogeneityof themoney stockin this context meanstheability of thecentral

bankto controlthemoney stock.

The money multiplier approachhassomeimportantdrawbacks:First, the operatingtarget of
centralbanksin theUSA andin Europeis not themonetarybasebut a money market interest
rate(federalfundsrate,euroovernightindex averageEONIA). A theoryof money supplyhas
to considerthis andotherinstitutionaldetails.Second,accordingto studiesof therelationship
betweenthemoney stockandthemonetarybasein Germany by Willms (1993)andby Nautz
(1998), a stablerelationshipbetweenthe money stock and the monetarybaseseemsnot to
exist, seealsofigure1. Theincreaseof themoney multiplier from about4.5 to 7.1shows that
theshareof themonetarybasein M3 hasdecreased,andthatbookmoney createdby financial
intermediarieshasbecomemoreandmoreimportant.Therefore,it maybeappropriateto model
thebehavior of banksexplicitly insteadof reducingit to variationsof themoney multiplier. This
is proposedinteraliaby Tobin (1967).In his terminology, themoney multiplier approachis the
“old view” of money supply, while the“new view” interpretsfinancialintermediariesasfirms
which optimizetheir portfoliosgiventheoptimizingbehavior of non-banks.That is, financial
intermediariesdo not possesstheability to expanddepositswithout limit like it is assumedin
themoney multiplier approachabove. Thus,the amountof depositsandthemoney stockare
endogenousvariablesdeterminedby the portfolio selectionprocessof commercialbanksand
the public. Correspondingto the useof the notion of exogeneityin this paper, endogeneity
of money in this context meansthat the centralbankis not ableto control the money stock.2

While optimizing their portfolio, banksandnon-bankshave to considerthe conditionssetby
thecentralbank.Advocatesof themoney multiplier approachrefusethenew view, andfind “no
reasonto look beyondthebalancesheetsof commercialbanks.” (Meltzer,1969,p. 39). Albeit
weaker andnot asexplicit as in this quotation,this view canalsobe found in a morerecent
work (Meltzer, 1995). The money multiplier approachis also supportedby Rasche(1993)
who admitsthat(p. 32) “The principle that thealgebraiccomponentsof themoney multiplier,
however formulated,vary in responseto theeconomicdecisionsof bothdepositoryinstitutions
andthepublic is now widely acceptedamongmonetaryanalysts.” but claimsthatthevariations
of the money multiplier areunsystematic,andof short-runnature,andthat (p. 47) “Over the
longerrun,suchrandommovementstendto averageout,sothatchangesin basemoney arethe
mostimportantsourceof changesin transactionsmoney.”

2 SeealsoMüller (1993);for ananalysisof endogeneity, causation,andtheir relationseeMüller (1998).
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Figure2: Money Growth RateandMonetaryTargetin Germany
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Notes: Thick line: Money growth ratein %, shadedarea:announcedtarget(point targetfrom 1975to 1978,and
in 1989,otheryears:upperandlower bound).From1975to 1987,themoney stockunderconsiderationhasbeen
centralbankmoney, from 1988to 1998,M3. Up to thecompleteyear1990,the targetsandthe realizedgrowth
ratesarefor WestGermany. From1991on, thetargetsandtherealizedgrowth ratesarefor unitedGermany. The
dataaretakenfrom LeschkeandPolleit (1997),andfrom themonthlybulletin of theDeutscheBundesbank.

2.2 MonetaryTargetingin Germany from 1975to 1998

Theexogeneityor controllability assumptionof themoney multiplier approachformsthebasis
of themonetarypolicy strategy of monetarytargeting.3 A monetarytargetingstrategy hasbeen
adoptedfor exampleby theDeutscheBundesbankfrom 1975to 1998.In DeutscheBundesbank
(1995, p. 91 ff.) it is describedhow the Bundesbankhascontrolledthe money stock. The
Bundesbankrefersimplicitly to themoney multiplier approachandstatesthatits monopolyfor
banknotesandtheminimumreservesrequirementimply long-runcontrollabilityof themoney
stockby meansof controllingthemonetarybase.

A preconditionfor an exogenousmoney stockis a flexible exchangerate. This precondition
hasnot beengivendueto themoreor lessfixedexchangerateswithin theEuropeanMonetary
System(EMS, founded1979),but the Bundesbankhasbeenableto sterilizeinterventionson
the foreign exchangemarket like it hasbeenthe casein the EMS crisis of September1992.
Nevertheless,as can be seenfrom figure 2, the DeutscheBundesbankwas not always able
to achieve its announcedmonetarytarget. In the 24 yearsof monetarytargeting from 1975
to 1998,the observed monetarygrowth ratedeviatedfrom the announcedgrowth rateeleven
times. Amongothers,therearetwo possiblereasonsfor a deviation of themoney growth rate
from the announcedtarget: first, the Bundesbankhasalsohadotherobjectives. The money
growth ratehasnot beenan ultimategoal but only an intermediatetarget. The ultimategoal
hasbeenpricestabilitymeasuredin termsof theinflation rate.In someperiodstheremayhave
beentrade-offs betweenthe announcedmonetarytarget, the price stability target, and other
objectives,like the exchangerate. Second,money could be endogenous.That is, the central
bankis not ableto setthemoney growth rateasthemoney multiplier approachor exogeneity
view of money suggests.While theexogeneityview assumesthatthemoney stockdetermines
oneor all of income,prices,andinterestrates,theendogeneityview postulatesthatthemoney
stockis determinedby oneor all of income,prices,andinterestrates,seefor exampleDesai

3 Themoney multiplier approachdoesnotnecessarilyimply exogeneityof themoney stock.If themoney multi-
plier exhibitsunpredictableandendogenousvariations,themoney stockis endogenous.For reasonsof simplic-
ity, it is supposedherethatthemoney stockis exogenousin themoney multiplier approach.A money multiplier
modelwith endogenousmoney canbefoundin Jarchow (1998),for example.
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(1992). In a modernopeneconomywith a sophisticatedprofit-maximizingbankingsystem,
a non-bankingfinancialsector, andrapid internationalcapitalflows, it is at leastquestionable
whethermoney is exogenous.

The endogeneityview is also supportedby the explanationsof the Bundesbankfor the dif-
ferencesbetweenannouncedtarget andobserved money growth rate since1992/93. Before
1992/93,theexplanationsof theBundesbankfor deviationsfrom themoney growth ratetarget
werereasonsfor amoreexpansiveor morerestrictivemonetarypolicy thanannounced.Thatis,
theactionsof theBundesbankhavebeenresponsiblefor thedeviationsof theexogenousmoney
growth rate from the announcedtarget. Since1992/93,the explanationsrefer to unforeseen
changesin thedemandfor money implying that theendogenousmoney stockhasbeendeter-
minedby thedemandfor money. Thefollowing explanationshave beengivenfor deviations:4

From1975to 1978,themoney growth ratewashigherthantheannouncedtarget. Thereason
wasapolicy of low interestratesto increasethelow level of realeconomicactivity. Thereasons
for theexcessmoney growth from 1986to 1988have beenthestabilizationof exchangerates
(DM/US-Dollar5, EMS) andprovision of liquidity to avoid a recessionafter thestockmarket
crashin October1987. In 1993,a flight into currency andinto short-termdepositshasbeen
theresultof theintroductionof awithholdingtax on interestyields.Therefore,thedemandfor
money increased.In 1995,theonly yearwith a lower money growth ratethantheannounced
target, thedemandfor money decreasedasa consequenceof thepermissionof money market
fund shareswhich arenot part of M3. And in 1996,the money growth ratewastoo high be-
causeof interestratedrivenportfolio variationsfrom money capitalto timedeposits.According
to theseexplanations,at theendof theperiodof monetarytargetingin Germany, demandside
forceshavebeenthereasonsfor deviationsof themoney growth ratefrom theannouncedtarget.
Thissupportstheendogeneityview.

2.3 Modelingof EndogenousMoney in theLiterature

It hasalreadybeenstatedthat an importantcontribution to the discussionaboutendogenous
money hasbeenTobin (1967)who emphasizedtheimportanceof optimizingbehavior of com-
mercialbanksandthepublic for themoney supplyprocess.Essentiallythesameargumentis
usedin the PostKeynesianliteratureon money supplyendogeneity.6 Moore (1988,p. 381)
pointsout that“Banksarepricesettersandquantitytakersin boththeir retail loanandtheirde-
positmarkets.As aresultbothloansanddepositsaredemanddetermined.” and(p.383)“Banks
may be assumedto adjusttheir borrowing and lendingrateson profit maximizinggrounds.”
Moore assumesthat the demandfor money, given the interestratesset by centralbank and
commercialbanks,is alwayssatisfied.This implies a horizontalmoney supplycurve in a di-

4 Theexplanationsof themonetarydevelopmentaretakenfrom von Hagen(1998)andBaltensperger(1998).
5 While theUS-Dollarhasbeenverystrongin 1985(averageexchangerateof 2.94DM/USD), theDollar dropped

sharplyafter the New York Plazaannouncementof the G-5 on September22, 1985. The depreciationof the
US-Dollar endedonly whenJapanandGermany intervenedon the foreign exchangemarket. The US-Dollar
stabilizedin early 1987,alsodueto the Louvre accordof February22, 1987. For detailsseeKrugmanand
Obstfeld(1994),p. 582f.

6 Endogeneityof money is oneof the corepropositionsthat arecommonto all PostKeynesians.Thesecore
propositionsareaccordingto Palley (1996,p.9): “(a) thesignificanceof socialconflictoverincomedistribution,
(b) thecentralityof aggregatedemandin thedeterminationof thelevel of economicactivity, (c) theinability of
nominalwageadjustmentto ensurefull employment,(d) theendogenousnatureof money, (e) the importance
of debtfinancein themacroeconomicprocess,(f) thefundamentallymutablenatureof expectationsaboutthe
uncertainfuture.” ThePostKeynesiandiscussionaboutmoney supplyendogeneitycanbefoundin Journalof
PostKeynesianEconomics,Journalof EconomicIssues,Economieet Socíet́es,EconomieAppliquée. For an
overview seeMusellaandPanico(1995).
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agramwith money on thehorizontalaxisandinterestrateon theverticalaxis (horizontalism,
accommodativeendogeneity).Anotherview of money supplyendogeneitywithin thePostKey-
nesianliteratureis held inter alia by Pollin (1991). This view is calledstructuralendogeneity.
The two approacheshave in commonthat money andcredit aredemanddeterminedbut the
structuralendogeneityapproachassumesthat themoney supplycurve hasa positiveslopebe-
causethe centralbank imposesquantity constraintson the high-poweredmoney it supplies.
Theseconstraintsleadto a moresophisticatedliability managementandfinancialinnovations
suchthat given reservesarecompatiblewith a higherquantityof deposits.The interestrate
risesbecausetheliability managementcausesadditionalcosts.

Money is alsoendogenousin theworkhorsemodelof modernmonetarymacroeconomicswhich
is a dynamicstochasticgeneralequilibrium modelwith or without nominal rigidities (sticky
wagesand/orprices). In this kind of models,thecentralbankusuallyfollows an interestrate
rule, and the money stock is determinedby money demand,seefor exampleTaylor (1999,
section2.1)andtheliteraturecitedthere.

The endogeneityof nominal money can also be modeledin other frameworks, for example
the overlappinggenerations(OLG) model. Richter (1990) usesan extendedversionof the
OLG model to illustrate the implicationsof the “new view”. In this model, the endogeneity
of money is a consequenceof the relationbetweencentralbankmoney andcommercialbank
money (deposits). They are not perfectsubstitutesand thereforethe money market can be
dividedinto amarket for centralbankmoney andamarket for deposits.While thecentralbank
offersexogenouslycentralbankmoney, theamountof depositsis determinedendogenouslyby
commercialbanksandthepublic.

Here, the so-called(Freixasand Rochet,1997) industrial organizationapproachto banking
theoryis appliedto modelthe endogeneityof money. Centralelementsaresubmodelsof the
creditmarketandthedepositsmarket. Reducedform equationsfor thequantityof loansandthe
quantityof depositsaredevelopedandinsertedinto theaggregatedbalancesheetof commercial
banks. As a consequence,the monetarybaseand the money stockareendogenous.Before
the detailsof this model are explained,section3.1 gives a brief overview of the industrial
organizationapproachto bankingtheory.

3 An IndustrialOrganizationModelof theMoney-Creating
Sector

3.1 TheIndustrialOrganizationApproachto BankingTheory

Theindustrialorganizationapproachis onepossibleframework to addressthequestionsof con-
temporaneousbankingtheory. The definition of a bankin bankingtheoryis mainly the legal
definitionof a commercialbankin theUnitedStatesof America(U.S.BankingAct of 1971):
banksarefinancialintermediariesthatreceive (demand)depositsandoriginateloans.Thefol-
lowing functionsarefulfilled by banks:7 offeringaccessto apaymentsystem,transformingas-
sets,managingrisk, andprocessinginformationandmonitoringborrowers.Themainquestions
in bankingtheoryaresummarizedby BhattacharyaandThakor (1993). Their review is orga-
nizedaroundsix major issues:existenceof financialintermediaries,creditallocation,liquidity
transformation,maturity transformation,bankregulation,andborrower’s choiceof financing
structureandmarket microstructure.All thesetopicsareanalyzedseparately, andtherelation
betweenthedifferentactivities of banksis not inspectedin detail. Santomero(1984)givesthe

7 SeeFreixasandRochet(1997,p. 2).
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following “overall view of a bankingfirm’s problems”: The commercialbankmaximizesthe
expectedvalueof anobjective function:-/.	021�3547698:<;>=@?BADC (3.1)

subjectto 8:E;>=@?F�G:<;IHJ!K� 8L ;>=NMPOQHJ!K� 8L ;>=SRTO �B�B� HU!K� 8L ;>=@?�O (3.2)

8L ;>=SV$��WGX 8 Y[Z@\^] X`_ Wba 8 Ydc@e � af_ 
 6 WGX ] X�g Wha � a A8:<;>=SVQijM � 8k2;>=SV8:E;>=SVlijM g (3.3)

where 4 H � O = objective function, m 4 � m :E;>=@?�npo and m R 4 � m : R;>=@?9q o8:<;>=@? = valueof terminalwealthat thehorizontime r8L ;>=SV = stochasticprofit perunit of capitalduringperiod s �ht , o q t q r8k$; = stochasticprofit in period s8 YuZ@\ = stochasticreturnfrom assetY] X = assetcategory Y , where
! q Y q�v8Ydc@e = stochasticcostfor depositw� a = depositcategory w , where
! q w q �
xH � O = operationscostfunction

Themodelsthatanalyzeassetsandliabilities aswell asits possibledependenciescanbedivided
into subsets.Onesubsetis theindustrialorganizationapproach.In this setof models,aspecial
focusis laid on the structureof the bankingmarket andthe competitionbetweenbanks. The
banksaremodeledasoptimizing agentson the market for loansandthe market for deposits.
The optimizing behavior is modeledas expectedprofit maximization,that is banksare risk
neutral( m R 4 � m : R;>=@? �,o ). This approachcanbe extendedwith assumptionsaboutthe cost
function


/H � O . Baltensperger (1980)reviews modelsthat considerthe costsof real resources,
especiallylabor, andBofingeretal. (1996)useaquadraticcostfunctionto modelcreditdefault
risk. Anothersubsetof modelsusesthetheoryof portfolio selection,wherebanksareassumed
to berisk averse( m R 4 � m : R;>=@?zy o ), seefor exampleFreixasandRochet(1997,chapter8).

Two articles,Klein (1971)andMonti (1972),build thebasicsetupof theindustrialorganization
approachto banking. Klein (1971,p. 207) seeksto explain “(1) the equilibrium scaleof the
bank,(2) thecompositionof thebank’sassetportfolio, (3) thecompositionof thebank’s liabil-
ities, (4) therateof intereston bankloans,(5) theyield thebankofferson its timeanddemand
depositaccounts.” Monti (1972)hasthesamepurposebut analyzesadditionallythe impactof
the objective function on bankbehavior. The generalframework is asfollows. The analyzed
economyconsistsof four sectors:8

Government/ CentralBank Households
publicdept securities( { ) securities( { ) wealth

monetary base
( � )

deposits(
�

)

8 SeeFreixasandRochet(1997,p. 53).
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Firms CommercialBanks
assets loans( | ) monetary base

( � )
deposits(

�
)

securities( { ) capital
loans( | )

While thebondmarket is assumedto beperfectlycompetitive,theloanandthedepositsmarkets
arenotperfectlycompetitive. Theprofit functionof thebankingfirm is:k��~} X Y Z�\ ] X�_ } a Y c�e � af_ 
���} X ] Xug } a � a���g (3.4)

where ] M$� { , ] R�� | , and
�xM2���

. This is alsotheobjective function,banksareassumed
to be risk neutral. Klein (1971) usesthe expectedvalue of the profit function, considersa
third asset(bank’s cashholdings)and doesalso distinguishbetweentwo typesof deposits.
The bank decisionvariablesare the interestrate on deposits,the quantity of loansand the
quantityof bondsin Klein (1971)andthe interestrateon deposits,the interestrateon loans,
and the quantity of bondsin Monti (1972). The cost function is not modeledexplicitly. If
thedemandfor loansby firms andthesupplyof depositsby householdsarespecified,thefirst
orderconditionsof the profit maximizationproblemcan be usedto determinethe stocksof
bankassetsandliabilities andthecorrespondinginterestrates.If thedemandfor loansandthe
supplyof depositsareindependentof eachother, thecrossderivativesof thecostfunctionare
zero( m R 
�� m`|�m ��� m R 
F� m � m`| ��o ), andif no furtherassumptionsaboutthethreemarkets
(loans,deposits,bonds)aremade,the decisionproblemof the bankcanbe divided into two
independentproblems:theoptimalchoiceof interestrate/quantityon the loanmarket andthe
optimalchoiceof interestrate/quantityon thedepositsmarket.

FreixasandRochet(1997,p. 60) formulatethis modelwith thequantitiesof loansanddeposits
asdecisionvariablesandinterpretit as“a modelwith imperfectcompetitionwith two limiting
cases:� �,! (monopoly)and � � ��� (perfectcompetition)”,where � is the numberof
commercialbanks.

TheMonti-Klein modelhasbeenexpandedin severalways. Dermine(1986)addsbankruptcy
risk anddepositinsuranceandPrismanet al. (1986)analyzeuncertaintyandliquidity require-
ments. The resultof both papersis that the separabilityresult for loansanddepositsbreaks
down.

In thefollowing,aversionof theMonti-Klein modelwith theinterestratesonloansanddeposits
asdecisionparametersof banksis used.

3.2 TheModelof theMoney-CreatingSector:MarketParticipants

Themarket participantsin this modelof themoney-creatingsectorarethecentralbank,com-
mercialbanksandhouseholds.

Thebehavior of thecentralbankis exogenous.It fixestheinterestrateon themoney market Y .
Thebalancesheetof thecentralbankconsistsof centralbankcredit(


���

) on theassets’side

andcurrency in use(

��

) andreserves( � ) on theliabilities’ side:
���
 �G
��h� ��
 (3.5)

Thecommercialbanksareprofit-maximizingfirms on anoligopolisticbankingmarket. Banks
buy loans( | ) andsell deposits(

�
). Their profit functionisk���� Yu�� | � _ Y c� ��� _ Y 
���
f��� Y�� ����� g (3.6)
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whereY � denotestheinterestrateof bank
v

on loans,Y � theinterestrateondeposits,and � ���
thenetpositionon the interbankmoney market. Thebalancesheetequationof a commercial
bankis � ��� | �$� � �9�����~������
z�9
f� (3.7)

suchthatthenetpositioncanbedefinedas� �����z�G��� � HU! _ � ON�h
���
f� _ | � (3.8)

whenit is assumedthatbanksonly hold requiredreserves( � ��� ��� ��� ). Theprofit function
canalsobewrittenas k��z� Yu�� | ��� Y HU! _ � O���� _ Y | � _ Y c� ��� 
 (3.9)

Commercialbanksarepricesettersandquantitytakerson thecredit andthedepositsmarket.
This typeof simultaneousBertrandcompetitionbetweenbanksis discussedin Yanelle(1988,
1989). Oneproblemof simultaneousBertrandcompetitionis the existenceof a competitive
equilibrium “becausea monopolistin onemarket automaticallybecomesa monopolistin the
othermarket“ (Yanelle,1988,p.XV). If asinglecommercialbankoffersahigherinterestrateon
depositsthanall othercommercialbanks,it getsall depositsandbecomesalsoamonopoliston
thecreditmarket. But in amodelwith acentralbankthatoffershighpoweredmoney atafixed
interestratethereis asecondrefinancingpossibilityfor commercialbanksbesidesdeposits.On
thismarket (themoney market), thecommercialbankis apricetaker.

Thethird groupof agentsarethehouseholds.They have lineardemandfunctionsfor loansof
everybank

v
: | �z�������h��M � Y �� �h��R � H Y � i�� _ Y �� OD����� �B� (3.10)

with ��� g ��R g ����nbo g ��M y o
andfor depositsof everybank

v
:9�����~ S�¡�h NM � Y c� �h SR � H Y c i�� _ Y c� OD�h S� �	� (3.11)

with  S� g  NM g  S��npo g  SR y o 
Y �� and Ydc� are the interestrateson the credit market and the depositsmarket setby bank
v

,
respectively. � is incomeand Y � i�� and Y c i�� areaverageinterestratesof theotherbanks:Yu� i�� � !� _ ! ¢} £j¤¦¥§ £�¨¤	©«ª Yu�¬ and Y c i�� � !� _ ! ¢} £S¤­¥§ £�¨¤	©«ª Y c¬ 

Furthermore, it is assumedthat ®B¯® ¥ n Y and ° ¯° ¥ n Y .
3.3 Equilibrium on theCreditMarket

As alreadymentioned,thecommercialbanksarepricesettersandquantitytakerson thecredit
market and the depositsmarket. The quantitiesof loansanddepositsin equilibrium are the

9 This relationshipcouldalsobecalledsupplyof deposits.Thenotiondemandfor depositshasbeenchosenin
analogyto thecreditmarket.
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resultsof a price settinggame.The following solutionof this gameis similar to the standard
modelof a heterogeneousoligopoly in Güth (1994).

Thefirst derivativeof theprofit functionof acommercialbank
v

(3.9)with respectto theinterest
rateon thecreditmarket ism k��m Y �� � | ��� Yu�� � m`| �m Y �� _ Y � m�| �m Y ��� H[���¡���¡M Y �� _ ��R Y �� ����R Y � i�� �h��� � OD� Y �� H[��M _ ��RTO _ Y Hu�¡M _ ��RTO

(3.12)

andthefirst orderconditionis:H[���¡����R Y � i�� O _ Hu�¡M _ ��RlO Y ��±SH[��M _ ��RTO Y �� ����� � �Go 
 (3.13)

Thesecondorderconditionis satisfied:m R k��m Y �� R ��±SHu�¡M _ ��RQO y o 
 (3.14)

By insertingthedefinitionof Y � i�� into thefirst orderconditionandrearrangingweget:

Y[�� � _p² ����� ®	³¢ ijM ¢W¬�´ M Y �¬fµ _ Hu�¡M _ ��RlO Y ����� �±SHu�¡M _ ��RlO _ ® ³¢ ijM 
 (3.15)

The right-handsideis independentof
v

, thereforethe interestrateon thecredit market is the
samefor all commercialbanks: ¶ v¸· Yu�� � Y[� 
 (3.16)

It follows thattheinterestrateon thecreditmarket in equilibriumisYu��¹ � _ ��� _ H[��M _ ��RTO Y �h��� �±¦��M _ ��R 
 (3.17)

Insertingthis interestrateinto thedemandfor loansyields| ¹� � ���¡���¡M Y[�S¹ ����� �� ���ºH[��M _ ��RlO±¦�¡M _ ��R � � R M _ ��M»��R±¦�¡M _ ��R Y � H[��M _ ��RlOU���±���M _ ��R �¼
 (3.18)

Theaggregatedquantityof loansis | �~½����h½¾M � Y ��½QR �B� g (3.19)

where ½��$npo g ½¾M y o g ½�R$nbo
arethecoefficientsof theexpressionfor thequantityof loansof asinglebank(3.18)multiplied
by � , thenumberof commercialbanks.Thequantityof loansdependson themoney market
interestrateandon theincomeof thehouseholds.
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3.4 Equilibrium on theDepositsMarket

The
¿

solutionconcepton thedepositsmarket is thesameason thecreditmarket. Commercial
banksareprice settersandquantitytakers. The first derivative of the profit function (3.9) of
bank

v
with respectto theinterestrateon thedepositsmarket is:m k2�m Y c� � Y � HU! _ � O � m ���m Y c� _ ��� _ Y c� � m ���m Y c�� Y � HU! _ � O � H[ NM _  SRlO _ HÀ S���� NM Y c� �h SR	H Y c i�� _ Y c� OD�h S� � O_ Y c� � HÀ NM _  SRQO 
 (3.20)

Wegetthefollowing first ordercondition:_ H[ S�¡�h SR Y c i�� OD�~HÀ NM _  SRTO Y HJ! _ � O _ ±@H[ NM _  SRlO Y c� _  S� � ��o (3.21)

andthesecondorderconditionis satisfied:m R k2�m Y c� R � _ ±SH[ NM _  SRlO y o 
 (3.22)

In analogyto thecreditmarket,everybanksetsthesameinterestrateondeposits:Y c ¹ � _  S� _ HÀ NM _  SRTO Y HJ! _ � ON�� S� �±Á NM _  SR (3.23)

andthedemandedquantityof depositsfor everybankis:� ¹� �  S���� NM Y c ¹ �� S� ��  S�	H[ NM _  SRlO±� NM _  SR �   RM _  NMU SR±Á NM _  SR Y HU! _ � ON� HÀ NM _  SRlO� S�±� NM _  SR(��

Theaggregatedquantityof deposits��� � ��� � M � Y HJ! _ � OD� � R �	� (3.24)

with � ��nbo g � M�nbo g � R�nbo
dependson themoney market interestrate Y andon income � . Thecoefficients � X areagainthe
coefficientsof theexpressionfor theindividualquantitiesmultipliedby � .

3.5 MonetaryBaseandMoney Stock

Theaggregatedbalancesheetof thecommercialbanksis:¢} � ´ M H � ��� | �$� � �9����O¡� ¢} � ´ M H[������
���
f�­O 

With � �z� �Â� ��� and ¢W� ´ M � �����z�Go follows

¢} � ´ M | �z� ¢} � ´ M ��� _ �$��¢} � ´ M ���2� ¢} � ´ M 
���
f�
10



or�ÄÃ 
���
 � | _ HU! _ � O � ����½Q�¡�h½¾M Y �h½�R � _ HU! _ � OQH � ��� � M Y HJ! _ � OD� � R � O 
 (3.25)

Themonetarybase� equalscentralbankcredit andit dependson thequantityof loans | �W ¢� ´ M | � , thequantityof deposits
��� W ¢� ´ M ��� andtherequiredreserverate � . Themonetary

baseis endogenous.Thequantityof centralbanklendingis a resultof theprofit maximization
of thecommercialbanks.

Aggregatingthebalancesheetof thebankingsectoryieldsthemoney stock
�

:| �~
��Å�h� Ã � 
 (3.26)

Themoney stockequalstheaggregatedquantityof loans,that is, it is determinedby its coun-
terparts.In a moredetailedmodelof money supply, theothercounterpartsof themoney stock
which areneglectedhere,couldbemodeled,too. Neglectedmajorcounterpartsarenetforeign
assetsof thebankingsystem( Æ ] ) andnon-monetaryliabilities of thebankingsystem( � � | ):� � | � Æ ] _ � � | _ ÇHu±¦±�È¦± 
 !ºO HuÉ�±ÁÊ�Ë 
 Ë�O H[±�È­± 
 Ë�O H[Ì¦o�o­É 
 ±�O Hu±ÁÊ¦Ì 
 o�O
Numbersin parenthesesare1998averagesof GermanM3 and its counterpartsin billions of
DM, and Ç denotesothercounterparts.10

3.6 Comparisonof Money Multiplier ApproachandMoney Supply
Endogeneity

In themoney multiplier approach,money is determinedby the monetarybaseandthemoney
multiplier. Themonetarybaseis setexogenouslyby thecentralbank,andundertheassumptions
madehere,money is exogenous.In thetheoryof endogenousmoney on theotherhand,money
equalscreditdemandandthemonetarybaseis a resultof theoptimalbehavior of commercial
banksandhouseholds.

According to the money multiplier approach,changesin incomeand changesin the money
market interestrateshouldnotcausechangesin themoney stock.However, thisstatementonly
holdsin thevery simplemoney multiplier modelof section2.1. In moresophisticatedmodels,
the money multiplier dependsalsoon interestratesandon income. Therefore,the impactof
interestratesandincomeon the money stockcannot be usedto distinguishbetweenthe two
approaches.However, theeffectsof changesin therequiredreserve rateon themonetarybase
andon themoney stockaredifferentin bothconcepts.Whereasanexogenousmonetarybase
doesnotdependonchangesin therequiredreserverate,thereis apositiveeffectonthemonetary
basein themodelof themoney-creatingsectorpresentedin thissection:m`�m`� � � ����± � M Y HU! _ � OD� � R � nbo 
 (3.27)

A higherrequiredreserve ratecausesa decreasein thequantityof depositsbut doesnot affect
thequantityof loans.Thebanksaskfor morecentralbankcreditto financetheloans.11

10 Thedatais takenfrom themonthlybulletin of theDeutscheBundesbank,February1999,tableII.2.
11 Regardlessof theconsideredtheoreticalmodel,themonetarybasewill alwaysincreaseif therequiredreserve

rateis increased,at leastin thevery shortrun. This is dueto thedefinitionof themonetarybasewhich is the
sumof currency in useandreserves.In themoney multiplier approach,however, therequiredreserve rateand
themonetarybaseareassumedto bemoreor lessindependentpolicy variables.
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Thereactionof themoney stockon changesin therequiredreserve rateis different,too. The
money multiplier ��� dependsnegatively on therequiredreserve rate,andsodoesthemoney
stock,seeequation(2.2). In themodelof themoney-creatingsectorwith endogenousmoney,
themoney stockdoesnotdependon therequiredreserve rate.

Anotherdifferencebetweenthe two conceptsis the causalitystructureof money andincome.
In theexogeneityview, money is exogenousandcausesnominalincomevia prices(monetarist
view) or real incomevia the loanstock(creditview). In theendogenousmoney view, income
determinesthe demandfor money andmonetaryaggregatesdependon income. It is not ex-
cludedthatmoney causesincome,thereforethecausalitystructurecouldbebidirectional.

A money multiplier equationcanalsobewritten in theendogenousmoney framework:� � � ½����h½¾M Y �h½�R �½��¡��½BM Y ��½QR � _ HJ! _ � O�H � ��� � M Y HU! _ � OD� � R � O � ��� H � g Y g � O 
 (3.28)

Theinterpretationof (3.28),however, is differentfrom theinterpretationof (2.2). A discussion
of themoney multiplier approach,thecounterpartsapproachandtheirrelationcanalsobefound
in Artis andLewis (1990).

4 TheEconometricModel

4.1 TheData

Quarterlydatafor Germany from 1975-1998is usedin theeconometricanalysis.Thevariables
aredenotedasfollows: � is the logarithmicmoney stockM3, Í is the logarithmicmonetary
base,Î is logarithmicgrossdomesticproductin currentprices, Ï is a short-terminterestrate, Ð
is a long-terminterestrateand � is theaveragerequiredreserve rate. Thedatais not adjusted
for the Germanunificationin 1990andnot seasonallyadjusted.Furtherdetailscanbe found
in the dataappendix.The calculationsin this paperareall performedusingMathematica4.0
moduleswrittenby theauthor.

All variablesthatareanalyzedherearefoundto beintegratedof orderoneatasignificancelevel
of at least10%(with exceptionof thespread,for which theunit roothypothesiscanberejected
at10%but cannotberejectedata5%level), thatis, they haveto bedifferencedonceto become
stationary. Theresultsof theaugmentedDickey-Fullerunit roottestaresummarizedin table1.12

For thetimeserieswith structuralbreak( � , Í , and Î ), themodificationof theDickey-Fullerunit
roottestproposedby Perron(1989),Perron(1990),andPerronandVogelsang(1992)is applied.
Theinterestrateseries,andtherequiredreserveseriesdonotseemto exhibit astructuralbreak,
seefiguresin AppendixA. Theresultsarequiterobust to variationsof thenumberof included
laggeddifferencesin thetestregressionandtheinclusionof deterministicterms.

4.2 CointegrationAnalysis

The econometricframework, that is usedto confront the theoreticalmodelof section3 with
empiricalevidence,is a vectorautoregressivemodelwith Ñ ��È variables:Ò ;���ÓD;S� V} X ´ M ] X Ò ;5i X ��Ôj; g (4.1)

12 Unit root testarefor examplediscussedin Hamilton(1994,chapter17).
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Table1: Unit RootTests

Variable Lags DeterministicTerms Statistic CV (10%) CV (5%) CV (1%)� 1 c, t, s,DS903,DI903 _ ± 
 É�o _ Ì 
 Ê�Ë _ Ì 
 Ë�È _ Ê 
 Ê�ÉÕ � 0 c, s,DI903 _ É 
 É¦É _ ± 
 É�Ö _ ± 
 Ö¦× _ Ì 
 É�!Í 4 c, t, s,DS903,DI903 _ ! 
 È¦o _ Ì 
 Ê�Ë _ Ì 
 Ë�È _ Ê 
 Ê�ÉÕ Í 3 c, s,DI903 _ Ê 
 È¦Ö _ ± 
 É�Ö _ ± 
 Ö¦× _ Ì 
 É�!Î 4 c, t,st,DS903,DI903 _ ! 
 Ë�× _ Ì 
 Ê�Ë _ Ì 
 Ë�È _ Ê 
 Ê�ÉÕ Î 3 c, s,DI903 _ É 
 ±�Ì _ ± 
 É�Ö _ ± 
 Ö¦× _ Ì 
 É�!Ð 2 c _ ! 
 Ê¦Ê _ ± 
 É�Ö _ ± 
 Ö¦× _ Ì 
 É�!Õ Ð 1 c _ È 
 É�o _ ± 
 É�Ö _ ± 
 Ö¦× _ Ì 
 É�!Ï 2 c _ ± 
 Ê­o _ ± 
 É�Ö _ ± 
 Ö¦× _ Ì 
 É�!Õ Ï 1 c _ Ê 
 Ì¦Ì _ ± 
 É�Ö _ ± 
 Ö¦× _ Ì 
 É�!Ð _ Ï 2 c _ ± 
 Ë�Ì _ ± 
 É�Ö _ ± 
 Ö¦× _ Ì 
 É�!Õ H Ð _ Ï O 1 c _ È 
 Ê­× _ ± 
 É�Ö _ ± 
 Ö¦× _ Ì 
 É�!� 1 c _ o 
 Ë�o _ ± 
 É�Ö _ ± 
 Ö¦× _ Ì 
 É�!Õ � 0 c _ × 
 ×¦Ö _ ± 
 É�Ö _ Ì 
 Ö¦× _ Ì 
 É�!
Notes: Statisticis thevalueof theAugmentedDickey-Fuller Ø -Statistic.For theseries# , Ù , Ú , thetesthasbeen
extendedto allow for a structuralbreakin the time series(GermanUnification,1990),seePerron(1989),model
(A). c indicatesanincludedconstant,t anincludedtrend,s seasonaldummies.DS903is zeroup to 1990:2and1
afterwards,DI903 is 1 in 1990:3andzerootherwise).Thehypothesisof aunit root is rejectedif theteststatisticis
smallerthanthecritical value(CV). Thesampleperiodis 1975:1-1998:4.

with Ò ;�� H � ; g Í ; g Î ; g Ï ; g Ð ; g � ;dOdÛ as vector of endogenousvariables,
Ôj;�Ü � HÀo g�ÝKÞ O as a Ñ -

dimensionaln.i.d. error processwith meanvector0 and covariancematrix ÝKÞ , ÓN; contains
deterministictermslike a constant,a linear time trendand/ordummyvariables. The econo-
metricanalysisof vectorautoregressive modelsis for exampledescribedin Hamilton (1994),
Lütkepohl(1993),andLütkepohl(2001). Theeconometricmodel(4.1) differs from the theo-
reticalspecificationin thefollowing way: first, dueto dataavailability, theconsideredinterest
ratesarenot the sameasin the theoreticalmodel. Second,it is assumedthat the quantityof
loans(that is themoney stock)andthequantityof depositscanbeapproximatedby log-linear
simplificationsof their respectivespecificationsin thetheoreticalmodel.

Thefirst stepof theanalysisis to determinethe lag length
t
. To addressthis question,infor-

mationcriteria like Akaike InformationCriterion (AIC), Hannan-QuinnCriterion (HQ), and
SchwarzCriterion(SC)canbeused,seefor exampleLütkepohl(1993,chapter4). According
to theHQ criterion,a lag lengthof

t/�
2 is chosenin thefollowing. AIC indicatesa lag length

of eightandSCindicatesa lag lengthof one.Themaximumlag lengthin thecalculationof the
informationcriteria is eight,anda constantanda linear trendareincludedin theVAR specifi-
cation.AIC seemsto indicatea toohigh lag lengthin thiscase,and

tß�
2 is preferredto

tà�
1

becausetheshortrundynamicsshallnotberestrictedunnecessarilyat this stage.

Giventhefinding that thevariablesareintegratedof orderone,denotedby Ò ;¡Ü I(1), a teston
cointegrationis performedusingthereducedrankregressiontechniquedevelopedby Johansen
(1995).TheprocessÒ ; is cointegratedif thereexistsalinearcombination

  Û Ò ; thatis stationary.
If Ò ; is cointegrated,(4.1)canalsobewrittenasavectorerrorcorrectionmodel(VECM):Õ Ò ;���ÓD;S�hk Ò ;5ijM�� VlijM} X ´ Mâá X Õ Ò ;5i X �hÔj;D�GÓD;@�hk Ò ;5ijM�� á Õ Ò ;5ijM��hÔj; g (4.2)

where
tã�"±

is used,and
k

is of reducedrank � (
o y � y Ñ ) andcanbedecomposedinto two
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matrices
�

and
 

suchthat k � �  �Û 
H Ñ�ä/Ñ O H Ñ�äE� OåH �9äxÑ O (4.3)� is calledcointegrationrank and is the numberof stationarylinear combinations
 æÛ Ò ; . The

columnsof
 

arenamedcointegratingvectors.The
H Ñ¸äç� O matrix

�
containstheadjustment

parametersthatdescribeto which extentthe Ñ variablesreactif theobservedlevelsdiffer from
the � implied long-runequilibria. In thecasethat is analyzedheretheVECM (4.2) hasto be
slightly modifiedto considerthestructuralbreakin thedata.It is assumedin thefollowing that
thestructuralbreakcanbecapturedwith ameanshift in thecointegratingrelations.Therefore,
the stepdummy � ;�� DS903,that hasalsobeenusedin the unit root testsin section4.1, is
includedinto themodelsuchthatit occursonly in thelong-runrelationsbut not in theshort-run
dynamicsof themodel.In otherwords,thestepdummyvariableis restrictedto thecointegration
space.Thechangein meanin Ò ; is observedasanoutlierin

Õ Ò ; . Therefore,thedummyvariableÕ � ; = DI903 (
Õ � ; is onein 1990:3andzeroin all otherquarters)andits first lag is addedin an

unrestrictedway. Thefirst lag is consideredbecausethelag lengthof theVECM representation
is
t _ 1 = 1. TheVECM cannow bewrittenas:Õ Ò ;��~èº�¡�~éêk · è­MJë¼ì Ò ;5ijM� ;5ijM�í � á Õ Ò ;5ijM���èºR Õ � ;@��è	� Õ � ;5ijM���Ôj; 
 (4.4)

Theinclusionof anunrestrictedinterceptterm
èº�

allows for a lineartrendin thedata,because
a constantin the equationfor the first differencesimplies a linear trend in the levels. This
specificationseemsreasonablebecausethreeof the six variablesareclearly trending(money
stock,monetarybase,andGDP),seefiguresin AppendixA. The inclusionof a deterministic
trendfor theinterestratesandtherequiredreserveratecanbejustifiedby thepossibilitythatthe
constantin therespective equationscanbezero.Thecointegratingvectorscannow bewritten
as ²  Ó�M µ Û ² Ò ;� ; µ Ü I(0), (4.5)

where
Ó�M

is a
HJ! äç� O vector, that containsthecoefficientsof thestepdummyin the long-run

relations.Thecompletesetof cointegrationcoefficientsis storedin
  ¹ �îH[  Û g Ó Û M O Û .

Figure3 showstheresultsof testsfor thecointegrationrank.Thetestsarecalculatedin arecur-
sivewaystartingwith thesample1975:1-1981:4andendingwith thesample1975:1-1998:4.In
additionto the previously describeddeterministicspecificationsomeotherrelevantspecifica-
tionsareconsidered.Up to theGermanunification,thehypothesesthat thecointegrationrank
is at mostoneis clearlyrejected.Afterwardsthetestresultsarenot thatunambiguous.Specifi-
cation(4.4)correspondsto case(c), andit is assumedthatthecointegrationrankis two though
thetracestatisticfor thewholesampledoesnot rejectthehypothesisthatthecointegrationrank
is at mostone. This procedurecanbe justified by arguing that the adjustmentprocessafter
theGermanunificationis thereasonfor thefluctuationsof thetracestatisticaroundthecritical
value.

According to the result of the cointegration test, the VECM (4.4) is estimated,and � � ±
cointegratingrelationsareimposed.13 Theunrestrictedcointegratingvectorsaregivenin table
2. The interpretationof thecointegratingvectorsdependson the identifying assumptionsthat
haveto bemadeat thisstage.As mentionedearlierit is assumedthatlog-linearapproximations
of themoney stockequationandthemonetarybaseequationarevalid suchthattwo stationary
linearcombinationsexist. The inspectionof theunrestrictedestimatorsof

 
suggeststhatone

13 Estimationof vectorerrorcorrectionmodelsandrelatedtopicsaresummarizedin Lütkepohl(2001).
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Figure3: Testsfor theCointegrationRankof Ò ;���H � ; g Í ; g Î ; g Ð ; g Ï ; g � ;uOuÛ
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f unres. constant, res. trend, res. DS903
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c unres. constant, res. DS903
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d unres. constant, res. trend
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Notes: Thefiguresshow theLR tracestatisticfor thehypothesisthatthecointegrationrankis atmostzero(upper
curve) andfor thehypothesisthat thecointegrationrank is at mostone(lower curve). Differentspecificationsof
thedeterministictermsareusedin cases(a) to (f); centeredseasonaldummiesareincludedin any case.Horizontal
linesare5%critical values,thesearetabulatedin thestandardcases(a),(b), (d), (e)wherenodummyvariablesare
restrictedto thecointegrationspace.For thecases(c) and(f), the critical valuesaregeneratedwith theprogram
DisCo,seeJohansenandNielsen(1993),with time seriesof length ï�%�ðlñQñ anda stepdummywhich is zerofor
the first 65% of the sampleand1 afterwards. Critical valuesarebasedon 10,000replicationsof the simulation
experiment.
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Table2: Long-RunRelations� Í Î Ð Ï � DS903

unrestrictedcointegratingvectors_ 30.98 7.60 22.51 _ 81.06 56.36 _ 214.94 0.34_ 25.20 33.79 _ 5.31 _ 72.66 50.62 _ 110.95 _ 2.81

just identifiedcointegratingvectors

1 0 _ 0.94 2.56 _ 1.78 7.50 _ 0.04

1 _ 1 _ 0.08 2.80 _ 1.95 5.19 0.07

overidentifiedcointegratingvectors

1 0 _ 1.32 2.54 0 0 0

(0.04) (0.70)

1 _ 1 0.21 3.76 _ 3.76 10.62 0.04

(0.07) (0.76) (0.76) (0.90) (0.03)

Notes: Reducedrankestimationof theVECM (4.4) asdescribedin Johansen(1995)andLütkepohl(2001),the
cointegrationrank is two, the numberof lags is two. Centeredseasonaldummiesare included. The estimates
reportedaretheentriesof ò �[ó . Asymptoticstandarderrorsin parentheses.Thesampleperiodis 1975:1-1998:4.

relationis amoney demandfunction(
�

and � haveapproximatelycoefficientsproportionalto
1 and _ 1) andthattheotheroneis a money multiplier relation(

�
and � have approximately

coefficients proportionalto 1 and _ 1). Therefore,the following identifying restrictionsare
imposed:   ¹ �7H � MIôæM g � R�ô�RQO g (4.6)

wherethematrices
ô X containtheunrestrictedestimatesand � M and � R aredefinedas

� ÛM � õöööööö÷
!¸oÅoÅo�oÅoÅooÅop!¸o�oÅoÅooÅoÅop!çoÅoÅooÅoÅoÅo�!¸oÅooÅoÅoÅo�op!¸ooÅoÅoÅo�oÅop!

øTùùùùùùú and � ÛR � õöööööö÷
! _ !¸oÅo�oÅoÅoo o !¸o�oÅoÅoo o op!çoÅoÅoo o oÅo�!¸oÅoo o oÅo�op!¸oo o oÅo�oÅop!

øTùùùùùùú 
 (4.7)

Therestrictedcointegratingrelationscannow bedescribedby thetwo equations:� ; � _   ¹�»M Î ; _   ¹û M Ð ; _   ¹ü M Ï ; _   ¹ý M � ; _   ¹þ M � ;�� ÿB½¾M^;� ; _ Í ;�� _   ¹��R Î ; _   ¹û R Ð ; _   ¹ü R Ï ; _   ¹ý R � ; _   ¹þ R � ;���ÿB½QRd; g (4.8)

where
ÿB½¾M^;

and
ÿB½�Rd;

aretheerrorcorrectiontermswhichcanbeinterpretedasdeviationsfromthe
long-runequilibria. Theserestrictionssatisfytherankcriteriongivenin JohansenandJuselius
(1994,Theorem1) suchthatthey areidentifying:

rk
H � ÛM�� � RQOâ� rk

H � ÛR�� � M«O�� !�� ! 
 (4.9)

Thecorrespondingestimatesaregivenin themiddlepartof table2. It canbetestedif this is a
valid identifyingnormalizationscheme.Theimposedrestrictionsimply thatthevariablesÎ ; , Ð ; ,Ï ; and � ; arenot cointegrated.Luukkonenet al. (1999)suggesta testfor a valid normalization
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using this implication. The test statistic that they proposeis a likelihood ratio test statistic
for certainzerorestrictionsin an auxiliary regressionmodel. This teststatistichasthe same
limiting distribution asthe correspondinglikelihoodratio tracestatisticfor cointegration. In
thecaseconsideredhere,thelikelihoodratio teststatistichasa valueof 8� ��� � 49.01.The5%
critical value(generatedwith DisCo,seenotesto figure3) is 55.63suchthatthevalidity of the
normalizationis not rejectedat asignificancelevel of 5%.

The requiredreserve ratemeasuresa policy variablethat is assumedto beexogenous,that is,
it is assumedthatthecentralbankdoesnot havea reactionfunctionfor settingtherequiredre-
serve rate.Therefore,themodelis now conditionedon therequiredreserve ratein orderto get
aslightly moreparsimoniousmodel.14 Furtherrestrictionscanbeimposed.Oneimplicationof
thetheoreticalmodelis thattherequiredreserveratedoesnotoccurin themoney demandrela-
tion. Additionally, it is oftensufficientto haveoneinterestratein themoney demandrelation,in
generalthis is a long-terminterestrate;andit turnsout thatthemoney demandrelationremains
stableafter thestructuralbreakin 1990suchthat thestepdummyis not neededin this cointe-
grationrelation.Imposingtheserestrictionsandcalculatingthecointegratingvectorssuggestsa
furtherrestrictionon thesecondcointegratingvector. Thecoefficientsof thelong-termandthe
short-terminterestrateareapproximatelyproportionalto 1 and _ 1 suchthatit canbeassumed
that theinterestratespreadis partof themoney multiplier relation. Theoveridentifyingsetof
variablesthatis now imposedis characterizedby

� ÛM � õ÷ !çoÅoÅoÅoÅo�oo�op!¸oÅoÅo�oo�oÅop!¸oÅo�o øú and � ÛR � õöööö÷
! _ !¸o�o o oÅoo o !ço o oÅoo o o�! _ !¸oÅoo o o�o o !¸oo o o�o o op!

øTùùùùú (4.10)

or alternatively by� ; � _   ¹�»M Î ; _   ¹û M Ð ; � ÿB½¾M^;� ; _ Í ;�� _   ¹��R Î ; _   ¹û R H Ð ; _ Ï ;[O _   ¹ý R � ; _   ¹þ R � ;9� ÿB½�Rd; (4.11)

with
rk
H � ÛM�� � RlO���Ê�� ! and rk

H � ÛR�� � M«O��~±	� ! 
 (4.12)

The validity of theseoveridentifyingrestrictionscanbe testedby comparingthe maximized
likelihoodfunctionof theunrestrictedandtherestrictedmodel.15 Thecorrespondinglikelihood
ratio teststatistichasa valueof 6.19andis 
 R -distributedwith 4 degreesof freedomsuchthat
the empiricalsignificancelevel is 0.19. The restrictionsarenot rejectedat usualsignificance
levels,andthecointegratingvectorscanbefoundin thelowerpartof table2. Abstractingfrom
deterministictermsthey canbeinterpretedasa money demandfunction� ;�� ! 
 Ì¦± Î ; _ ± 
 ÉÁÊ Ð ;@��ÿB½BM^; (4.13)

andamoney multiplier relation(recall that � , Í and Î aremeasuredin logarithms)� ; _ Í ;æ�~o 
 ±�! Î ; _ Ì 
 Ë�È�H Ð ; _ Ï ;dO _ !Bo 
 È­± � ;���ÿB½QRd; 
 (4.14)

Thesetwo long-runrelationsimply thatÍ ;��"! 
 !¦! Î ;@��! 
 ±¦± Ð ; _ Ì 
 Ë�È Ï ;S��!Bo 
 È­± � ;��~HÀÿB½BM^; _ ÿB½�Rd;dO 
 (4.15)

14 Partial VECMs arediscussedin Harboet al. (1998).
15 This testis describedin JohansenandJuselius(1994)andin Johansen(1995).
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Figure4: ErrorCorrectionTerms
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This is a long-runrelationbetweenthemonetarybaseandthevariablesthatdetermineit in the
theoreticalmodelof section3. It canbeseenthatall coefficientsincludingtherequiredreserve
ratehave theexpectedsigns.

Themoney demandfunction(4.13)cannotbecompareddirectlyto othermoney demandstudies
for Germany. While (4.13)is ademandfunctionfor nominalmoney, mostotherstudiesfocuson
realmoney balances.Thegeneralresultthata stablemoney demandfunctioncanbespecified
for theunifiedGermany is alsosupportedby Wolterset al. (1998),for example.Theseauthors
find a stablereal money demandfunction (including the stepdummyDS903)for the period
1976to 1994.However, a stablerelationshipbetweenthemonetarybaseandthebroadmoney
stockM3 hasnot beenfound in otherstudies. The reasonis presumablythat the impactof
therequiredreserve rateis modeledexplicitly herewhile Willms (1993)andNautz(1998),for
example,do not includetherequiredreserve ratein themodelbut usea monetarybasethat is
adjustedfor changesin therequiredreserve rate.

4.3 AdjustmentandShort-RunDynamics

Thecointegratingvectorsdonotshow thecompleteinformationabouttherelationshipsbetween
thevariablesin thesystem.It is still anopenquestionwhich variablesreacton deviationsfrom
thelong-runequilibriaandhow innovationsor shocksaffect thevariables.

Whenthecointegratingvectors
  ¹ areknown, theotherparametersof theVECM canbeesti-

matedby OLS.Theadjustmentto thelong-runequilibriacanbecharacterizedby theadjustment
parametersthatarestoredin thematrix

�
. Theseparametersarethecoefficientsof

ÿB½BM�
 ;5ijM
andÿB½QR�
 ;5ijM

in theequationsfor thefirst differences.Theerrorcorrectiontermsareplottedin figure
4. The adjustmentparametersaresummarizedin table3, wherethe resultsof testson weak
exogeneityfor eachvariablecanbe found, too. The teston weakexogeneityis a likelihood
ratio teston restrictionson the loadingmatrix

�
asdescribedin Johansen(1995). A variable

is saidto beweakly exogenousif its adjustmentcoefficientsin front of all cointegrationrela-
tions(

ÿB½¾M�
 ;5ijM
and
ÿB½QR�
 ;5ijM

) arezero:
� X M���� X RÂ�îo .16 If themoney stock, � , is considered,the

restrictedloadingmatrix is: � � ���
�
o o��R»M ��R�R

. . . . . . . .� ü M � ü R
����
� 
 (4.16)

Thesetestssuggestthatboththemoney stockandthelong-terminterestrateareweaklyexoge-
nous. On the otherhand,nominal income,the short-terminterestrateandandthe monetary

16 For a discussionof (weak)exogeneityandcointegrationseeEricssonet al. (1998).
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Table3: AdjustmentCoefficients(LoadingMatrix
�

)Õ � Õ Í Õ Î Õ Ð Õ ÏÿB½BM�
 ;5ijM _ 0.08 0.01 0.17 _ 0.02 _ 0.00

( � 1.89) (0.15) (3.47) ( � 1.63) ( � 0.08)ÿB½QR�
 ;5ijM _ 0.01 0.16 0.14 _ 0.02 0.02

( � 0.41) (3.28) (3.73) ( � 1.83) (2.00)

WeakExogeneity 4.22 6.93 7.50 4.61 8.00

p-value 0.12 0.03 0.02 0.10 0.02

Notes: Coefficientsof theerror-correctiontermin theequationfor thevariablein thefirst row. Ratioof coefficient
and asymptoticstandarderrorsin parentheses.The test on weak exogeneityis a likelihood ratio test of zero
restrictionson � . While � is calculatedunderconsiderationof the overidentifyingrestrictionson ò , the weak
exogeneityteststatisticis calculatedwithout imposingtheserestrictions. Weakexogeneityis rejectedif the � -
valueis smallerthan5%.

baseadjustin directionof thelong-runequilibriaif equilibrium-deviationsoccur. Thisconstel-
lation canbegiventhefollowing economicinterpretation.Consideran increaseof themoney
stocksuchthat

ÿB½¾M^;Ân�o
. In thenext period,nominalincomeandthereforedemandfor nom-

inal money increasesuchthat the equilibrium error is gettingsmaller. The initial increaseof
themoney stockgivesalsorise to a positive error correctionterm in themoney multiplier re-
lation. In the next period, the monetarybaseis increasingsuchthat the equilibrium error is
gettingsmaller. This economicscenariocontradictsthemoney multiplier approachaswell as
the endogenousmoney modelof the money-creatingsector. It seemsto be the casethat the
nominalmoney stockhasbeenundercontrolof thecentralbankandthatnominalincomeand
theshort-terminterestrateaswell asthemonetarybasehavedonetheadjustment.

The reactionof the variablesto innovationsin othervariablescanbe analyzedwith impulse
responsefunctionsandforecasterror variancedecompositions.They arecalculatedfrom the
level representation: Ò ;��GÓN;S� ] M Ò ;5ijM�� ] R Ò�� i R��ÅÔ`; g (4.17)

with ] M9� á �Gk�� � ü and ] Rß� _ á . ÓN; containsthe deterministicterms. Because] M and] R arecalculatedfrom theVECM representation,thecointegrationrestrictionsandtheoveri-
dentifying restrictionsareimposedon the level coefficients. Now, the impulseresponsesand
their asymptoticstandarderrorsaswell asthe forecasterror variancedecompositionscanbe
calculated,seeAppendixB. andLütkepohl(1993,Chapter11). The orthogonalizedimpulse
responsesandtheforecasterrorvariancedecompositionsaredepictedin AppendixB. Theor-
deringof thevariablesis ( � g Ð g Ï g Î g Í ); thetwo variablesthatareweaklyexogenousarethefirst
onesin theordering.17 Impulseresponsesaresupposedto besignificantif zerois not included
within the confidencebandswhich are calculatedby addingandsubtractingtwo asymptotic
standarderrors.

Not all 25 impulseresponsescan be describedhere,but someimportantfindings shouldbe
mentioned. First, innovationsin the money stock have a positive impacton future nominal

17 The orderingof variablesis important in the sensethat a recursive structureof contemporaneousrelations
is assumedin the calculationof orthogonalizedimpulseresponses.This is the casebecausethe Cholesky
decompositionof ��� which gives a lower triangularmatrix is usedto orthogonalizethe innovations. The
orderingis not importantin thesensethattheinterpretationof theimpulseresponsesin thisapplicationdepends
crucially on theorderingof thevariables.
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income,that is, a monetaryexpansiondoeslead to higher pricesand/orhigher real income.
The reverseimpactcanalsobe seen:nominal incomeseemsto have a small but significant
impacton the money stock. The forecasterror variancedecomposition,however, shows that
this effect canbe neglected. Second,innovationsin the money stockhave an impacton the
monetarybasebut innovationsin the monetarybasedo not lead to a significantresponseof
themoney stock.Third, themonetarybaseis negatively affectedby innovationsin theinterest
rateswhile the money stock is not. This implies that the money multiplier dependson the
interestrates. All thesefindingsarecompatiblewith the economicscenariodescribedin the
previoussection.Thatis, thereis noevidenceagainsttheview thatthemoney stockhasbeenan
exogenous,policy-determinedvariableduring theperiodof monetarytargeting. However, the
money multiplier approachis stronglyrejected.Themonetarybaseseemsto becausedby the
money stockwhich is oppositeto thecausalityexpectedfrom themoney multiplier approach.
Similarresultsarereportedby Brand(2001)whoestimatesastatespacemodelfor interestrates,
bankreserves,andthemoney stock. He concludesthat (p. 114 f.) “it would bemisleadingto
view themoney supplyprocessin termsof a money-multiplier model,sinceinterestratesand
money areexogenousto bankreservesandnotviceversa.”

Further, thecoefficientof
Õ � is only significantin themonetarybaseequationof theVECM. Its

valueis 4.50with a standarderrorof 0.69suchthat thepositive impactof therequiredreserve
rateon themonetarybasethat is predictedfrom the theoreticalmodelcanbeconfirmed.The
respective coefficient in the equationfor the money stockhasa valueof _ 0.12, the standard
erroris 0.47.

Theanalysisof theshort-rundynamicsis completedby testsonGrangercausality.18 ThevectorÒ ;��7H � ; g Í ; g Î ; g Ð ; g Ï ;dO Û canbepartitionedinto threeparts:Ò ;��îH Ò Û M^; g Ò Û Rd; g Ò Û �d; O Û 
 (4.18)

The numberof elementsare
v M

,
v R

, and
v �

, respectively, with
v M¼� v R2� v ���

5. The null
hypothesisthatthefirst

v M
variablesÒ M^; arenot Grangercausedby thelast

v �
elementsÒ �d; can

beformulatedasfollows: � � · k�MÀ� � á MÀ�f�~o g (4.19)

where
k�MÀ�

and á MÀ� aretheupper-right
v M ä v � submatricesof

k
and á . TodaandPhillips(1993)

show that underthe null, the Wald teststatistic Æ � � is 
 R -distributedwith
v M v �Qt

degreesof
freedom,if certainrank conditionsarefulfilled19 (

tÅ�
2 is the lag lengthof the VAR model

in levels). The Wald teststatisticis calculatedfor all subsetswith
v M�� v �ß� !

, seetable4.
Fromthefirst row followsthat � is notGrangercausedby Î , Ð and Ï atasignificancelevel of at
least24%,andthesecondrow showsthat Í is Grangercausedby all othervariables.It canalso
beseenthatmoney is Grangercausingnominalincome. With exceptionof the resultthat the
monetarybaseGrangercausesthemoney stock,thecausalitytestresultsconfirmtheprevious
results.

5 Conclusions

A modelof the money-creatingsectorwith endogenousmoney hasbeendeveloped. In this
model, money equalscredit, and the monetarybaseis determinedby the profit-maximizing
behavior of commercialbanks.
18 Testingfor Grangercausalityin cointegratedvector autoregressive modelsis coveredin Toda and Phillips

(1993),wherethe following paragraphdraws from. An alternative approachto test for Grangercausalityin
integratedVARs is the lag augmentationprocedurewhich is describedin DoladoandLütkepohl(1996)and
TodaandYamamoto(1995).

19 Therankconditionis satisfiedin everycasereportedin table4.
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Table4: GrangerCausalityTests� Í Î Ð Ï� – 0.00 0.24 0.25 0.42Í 0.00 – 0.00 0.00 0.00Î 0.00 0.01 – 0.00 0.00Ð 0.00 0.00 0.01 – 0.00Ï 0.33 0.00 0.58 0.02 –

Notes: Null hypothesisof the test: The columnvariableis Grangernoncausalfor the row variable. The table
shows theempiricalsignificancelevelsof theWald teststatistic ! '#" describedin thetext. Grangernoncausality
is rejectedif theempiricalsignificancelevel is smallerthanthedesirednominalsignificancelevel.

Theimplicationsof the theoreticalmodelhave beentestedin theframework of a cointegrated
vectorautoregressive model. Someempiricalevidenceagainstthemoney multiplier approach
hasbeenfound: A stablerelationshipbetweenthemonetarybaseandthemoney stockcanbe
specified,but thenominalmoney stockdoesnotadjustif deviationsfrom this long-runrelation
occur;theadjustmentis doneby themonetarybaseinstead.Furthermore,therequiredreserve
ratehasnot thenegativeimpacton themoney stockthatis predictedfrom themoney multiplier
approach.Themodelof themoney-creatingsectorthathasbeenpresentedhasits drawbacks,
too. Someof its implicationsarenot found in the data. Especiallythe weakexogeneityof
nominalmoney is a contradictionto thetheoreticalmodel.While it cannotberejectedthatthe
monetarybaseis endogenouslydeterminedlikeit is impliedin thetheoreticalmodel,themoney
stockcanbe supposedto be an exogenous(in the senseof policy-determined)variable. One
furtherdrawbackis that themoney stockis setequalto thequantityof loans,which areonly
oneitemof thecounterpartsof M3. Therearealsootherimportantcounterpartslikenetcapital
formation,for example.

Themainconclusionof this analysisis thereforethattheBundesbankhasbeenableto control
themoney stockM3 to a considerableextent but that thestandardtextbookmoney multiplier
approachis not appropriateto describehow the Bundesbankhasaffectedthe developmentof
M3. Becauseastablemoney demandrelationcanbespecifiedfor theperiodof monetarytarget-
ing in Germany it is reasonableto supposelike for exampleBrand(2001)thattheBundesbank
followedapolicy of indirectmonetarytargetingby changingmoney marketconditions.
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AppendixA. Data

M3: End of monthmoney stockM3 (currency in useplus sight depositsof domesticnon-
banksat domesticbanksin Germany plus time depositsfor lessthanfour yearsof do-
mesticnon-banksat domesticbanksplus savings depositsat threemonths’ notice of
domesticnon-banksat domesticbanksin Germany) in billions of DM, seasonallyunad-
justed. Monthly data(TU0800)from theCompactDisc DeutscheBundesbank(1998a),
continuedwith datafrom the monthly bulletin of the DeutscheBundesbank,tableII.2.
1975:01-1990:5WestGermany, and1990:06-1998:12Germany, notadjustedfor German
unification.Quarterlydataareendof quarterstocks.

Monetarybase:sumof currency in use(TU0048),requiredandexcessreserves(TU0062),lia-
bilities of the Deutsche Bundesbank against domestic banks
(TU0084)andcashof banks(OU0312),in billionsof DM, seasonallyunadjusted.Monthly
datafrom theCompactDiscDeutscheBundesbank(1998a),continuedwith datafrom the
monthlybulletin of theDeutscheBundesbank,tablesII.2., III.2 andIV.1. Quarterlydata
areendof quarterstocks.

NominalGDP: Grossdomesticproductin currentprices,in billions of DM, seasonallyunad-
justed.Quarterlydata(DQ0727)for 1975:01-1990:02,WestGermany, from theCompact
DiscDeutscheBundesbank(1998a),continuedwith datafor 1990:03-1998:04,Germany,
from DeutschesInstitut für Wirtschaftsforschung(DIW) Berlin (from theDIW-statfinder:
http://www.diw-berlin.de).

RealGDP: Grossdomesticproductin 1991prices,in billions of DM, seasonallyunadjusted.
Quarterlydatafor 1975:01-1990:02,WestGermany, from the CompactDisc Deutsche
Bundesbank(1998a)(DQ0728). Data for 1990:03-1998:04,Germany, is calculatedas
theratio of nominalGDPandGDPdeflator.

GDP deflator: Nominal GDP divided by real GDP, 1975:01-1990:02,quarterlydata,West
Germany, continuedwith GDPdeflator, 1990:03-1998:04,quarterlydata,Germany, from
Deutsches Institut für Wirtschaftsforschung (DIW) Berlin (DIW-statfinder:
http://www.diw-berlin.de).

Short-terminterestrate: Daily money market interestrate,Frankfurt/Main,monthlyaverages,
fractions,monthlydata(SU0101)from theCompactDiscDeutscheBundesbank(1998a),
continuedwith datafrom themonthlybulletin, tableVI.4. Quarterlydataaretherespec-
tivevaluesof thelastmonthin aquarter.

Long-terminterest rate: Yields on bondsoutstandingissuedby residents,monthly aver-
ages,fractions,monthly data(WU0017)from theCompactDisc DeutscheBundesbank
(1998a),continuedwith datafrom themonthly bulletin, tableVII.5. Quarterlydataare
therespectivevaluesof thelastmonthin aquarter.

Average requiredreserverate: Ratioof requiredreserves(IU3006)andreserve baseof banks
subjectto reserverequirements(IU3156),monthlydatafrom theCompactDiscDeutsche
Bundesbank(1998a),continuedwith datafrom themonthlybulletin of theDeutscheBun-
desbank,tableV.2. Quarterlydataaretherespectivevaluesof thelastmonthin aquarter.
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Figure5: Data
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AppendixB. Short-RunAnalysis

Theimpulseresponsefunctionsandforecasterrorvariancedecompositionsarecalculatedfrom
the level representationof the VAR which is obtainedby transformingthe VECM estimated
in section4.2. This is a linear transformation,andthe standarderrorsfor the coefficients in
thelevel representationcanbecalculatedfrom theVECM standarderrors.Detailsof this pro-
cedurecanbe found in Lütkepohl(1993,Chapter11). Whenthe level representationandthe
correspondingstandarderrorshave beencomputed,the impulseresponses,forecasterrorvari-
ancedecompositions,andtheir standarderrorscanbecalculatedlike in thecaseof astationary
VAR.

Table5: ForecastErrorVarianceDecompositionfor �
ForecastError in �

horizon � Í Î Ð Ï
1 0.99 0 0 0 0

(0.00) (0.00) (0.00) (0.00) (0.00)

2 0.99 0.00 0.00 0.00 0.00

(0.01) (0.01) (0.01) (0.00) (0.01)

3 0.98 0.00 0.01 0.00 0.00

(0.02) (0.01) (0.02) (0.01) (0.01)

4 0.97 0.00 0.02 0.00 0.00

(0.03) (0.01) (0.02) (0.01) (0.01)

8 0.92 0.00 0.05 0.01 0.01

(0.05) (0.02) (0.04) (0.04) (0.03)

12 0.88 0.01 0.07 0.01 0.03

(0.08) (0.05) (0.07) (0.05) (0.04)

Notes:Ordering#�&(')&+*,&ÀÚ-&uÙ . Asymptoticstandarderrorsin brackets.
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Table6: ForecastErrorVarianceDecompositionfor Í
ForecastError in Í

horizon � Í Î Ð Ï
1 0.06 0.87 0.02 0.02 0.02

(0.05) (0.06) (0.03) (0.03) (0.03)

2 0.25 0.65 0.02 0.06 0.02

(0.13) (0.12) (0.02) (0.05) (0.02)

3 0.24 0.62 0.03 0.05 0.06

(0.13) (0.12) (0.02) (0.04) (0.04)

4 0.29 0.57 0.02 0.06 0.07

(0.15) (0.13) (0.02) (0.05) (0.05)

8 0.34 0.43 0.03 0.04 0.16

(0.20) (0.15) (0.03) (0.06) (0.09)

12 0.36 0.33 0.04 0.03 0.23

(0.23) (0.15) (0.04) (0.05) (0.13)

Notes:Ordering#�&(')&+*,&ÀÚ-&uÙ . Asymptoticstandarderrorsin brackets.

Table7: ForecastErrorVarianceDecompositionfor Î
ForecastError in Î

horizon � Í Î Ð Ï
1 0.01 0 0.94 0.04 0.01

(0.02) (0.00) (0.05) (0.04) (0.02)

2 0.18 0.02 0.72 0.08 0.00

(0.12) (0.02) (0.12) (0.05) (0.01)

3 0.21 0.03 0.61 0.14 0.02

(0.12) (0.02) (0.13) (0.07) (0.02)

4 0.25 0.03 0.53 0.17 0.02

(0.13) (0.03) (0.14) (0.09) (0.03)

8 0.31 0.04 0.39 0.24 0.02

(0.14) (0.05) (0.15) (0.12) (0.04)

12 0.34 0.04 0.34 0.26 0.02

(0.13) (0.07) (0.15) (0.14) (0.06)

Notes:Ordering#�&(')&+*,&ÀÚ-&uÙ . Asymptoticstandarderrorsin brackets.
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Table8: ForecastErrorVarianceDecompositionfor Ð
ForecastError in Ð

horizon � Í Î Ð Ï
1 0.00 0 0 1.00 0

(0.00) (0.00) (0.00) (0.00) (0.00)

2 0.01 0.00 0.01 0.94 0.05

(0.02) (0.00) (0.01) (0.03) (0.03)

3 0.01 0.00 0.02 0.91 0.07

(0.03) (0.00) (0.02) (0.05) (0.04)

4 0.01 0.00 0.02 0.89 0.08

(0.03) (0.00) (0.02) (0.06) (0.05)

8 0.00 0.00 0.05 0.86 0.09

(0.02) (0.01) (0.03) (0.08) (0.07)

12 0.00 0.00 0.07 0.85 0.08

(0.02) (0.02) (0.05) (0.10) (0.08)

Notes:Ordering#�&(')&+*,&ÀÚ-&uÙ . Asymptoticstandarderrorsin brackets.

Table9: ForecastErrorVarianceDecompositionfor Ï
ForecastError in Ï

horizon � Í Î Ð Ï
1 0.01 0 0 0.14 0.84

(0.02) (0.00) (0.00) (0.07) (0.07)

2 0.01 0.03 0.00 0.28 0.69

(0.01) (0.02) (0.00) (0.09) (0.09)

3 0.01 0.03 0.00 0.35 0.61

(0.02) (0.02) (0.01) (0.10) (0.10)

4 0.01 0.03 0.01 0.38 0.57

(0.02) (0.03) (0.01) (0.11) (0.12)

8 0.01 0.05 0.02 0.44 0.48

(0.04) (0.06) (0.02) (0.12) (0.14)

12 0.01 0.06 0.03 0.42 0.47

(0.04) (0.09) (0.03) (0.12) (0.14)

Notes:Ordering#�&(')&+*,&ÀÚ-&uÙ . Asymptoticstandarderrorsin brackets.
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Figure6: OrthogonalizedImpulseResponses
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Bofinger, P./ Reischle,J./Scḧachter, A. (1996):Geldpolitik: Ziele,Institutionen,Strategienund
Instrumente.München:Vahlen.

Brand,C. (2001):Money stockcontrolandinflation targetingin Germany: a statespacemod-
elling approachto theBundesbank’soperatingproceduresandintermediatestrategy. Heidel-
berg: Physica.

Dermine,J. (1986):Depositrates,creditratesandbankcapital.TheMonti-Klein modelrevis-
ited.Journalof BankingandFinance,10,99–114.

Desai,M. (1992): Endogenousandexogenousmoney. In Newman,P. K. (Ed.) The new Pal-
gravedictionaryof money andfinance,London:Macmillan,762–764.

DeutscheBundesbank(): Monthly Bulletin. Frankfurt/Main:DeutscheBundesbank.

DeutscheBundesbank(1995): Die Geldpolitik der Bundesbank.Frankfurt/Main: Deutsche
Bundesbank.

DeutscheBundesbank(1998a):FünfzigJahreDeutscheMark. MoneẗareStatistiken1947-1998
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