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Abstract

In a world with imperfectcompetition,market externalitiesor asymmetricinfor-
mation,theimpactof money andmonetarypolicy ontherealsectordepend®nthe
way money is created.Two conflictingviews of money supplycanbedistinguished
in theliterature:the endogeneitywiew andthe exogeneityview. In this paper both
views arediscussedndcomparedrom a theoreticalandfrom anempiricalpoint
of view.

An industrialorganizationmodelof the money-creatingsectorwith endogenous
mong is presentedndcomparedo the money multiplier approach.The concept
of a heterogeneousligopoly is usedto modelthe credit market andthe deposits
market. Using the aggrgatedbalancesheetof the banking sector endogenous
money is explainedby its counterpartsespeciallyloans. The monetarybaseis
determinedendogenouslytoo, anda money multiplier equivalentexpressioncan
bederived.

A cointggratedvectorautorgressve modelfor the developmentof the nominal
money stockin Germaly in the periodof monetarytargetingfrom 1975to 1998is
estimatedTheimplicationsof thetheoreticamodelarecomparedo theproperties
of the estimatedvAR. It turns out that both the money multiplier approachand
the presentednodel of the money/-creatingsectorwith endogenousnoney fail to
explain all theempiricalevidencefrom the VAR model.

Keywords: Endogenousnongy, industrial organizationapproachto bankingthe-
ory, monetarypolicy, money multiplier, vectorerrorcorrectionmodel.

JEL classification:C32,E51,E52.
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In a Walrasianequilibriummodelwith perfectmarkets,money is a veil. The money stockand
the money growth rate have no impacton real variables,and monetarypolicy doesnot affect
realactvity. Butin reality, marketsarenot perfect;we obsere imperfectcompetition,market
externalities,asymmetricinformation, and nominalrigidities. Therefore,it hasbeenbroadly
discussedvhethermonetarypolicy systematicallyaffectsreal actvity. Friedman(1995,p. 2)
stateghattoday“economistsdo know thatmonetarypolicy systematicallyaffectsrealactiity.”
But we do not know how moneg affectsreal activity. A prerequisiteof the analysisof real
effectsof money is theanalysisof themoney supplyprocessAn exogenousnoney stockthatis
controlledby a monetaryauthoritydoesnot play the samerole in the transmissiormechanism
like an endogenousnoneg stockthatis demanddetermined.The purposeof this paperis to
analyzethetheoreticaimplicationsof the exogeneityview andthe endogeneitywiew of money
andto comparehesemplicationsto empiricalevidence.

Thepaperlis structuredasfollows. In section2, themoney multiplier approachs discussedand
thedevelopmenbf themone stockin Germaly from 1975to 1998is analyzedunderconsider
ationof themonetarypolicy stratey of the DeutscheBundesbankAfterwards themodelingof
endogenoumong in theliteratureis reviewed. In section3, anindustrialorganizationmodel
of the money-creatingsectorwith endogenousoney is developed.In sectiond, avectorerror
correctionrmodel(VECM) for thenominalmoney stock,themonetarybaseandrelatedvariables
is estimatedandanalyzed.The empiricalresultsare comparedo the implicationsof boththe
mone/ multiplier approactandthe modelpresentedn section3. Finally, section5 concludes.

2 ExogeneityandEndogeneitwiew of Money Supply

2.1 The Money Multiplier Approach

The standardext book approachexplaining the money stockoutstandingandits growth rate,
is themoney multiplier model. Many versionsof this modelarein use.They have in common
thatthemoney stock(M) is determinedy themonetarybase(or high-poveredmoney, H) and
themoney multiplier mm:*

M =mm- H. (2.1)

The monetarybaseis controlledby the centralbank,andthe money multiplier dependonthe
behaior of the public (constantcurreng-depositratio, d = CU/D), the commercialbanks
(resere ratio asa function of interestratesand uncertainty),andthe centralbank (minimum
resererequirements)Thesebehaioral determinantg@nterthemoney multiplier in anonlinear
way. The simplestversionof the monegy multiplier is the following one: The mone stock
consistof curreny in use(CU) anddeposityD): M = CU + D = mm- H; andthemonetary
baseconsistsof curreny in useandreseresof banks(R): H = CU + R. The (required)
resenerateis r = R/D suchthat

~ CU/D+1  d+1
~ CU/D+R/D  d+r’

mm (2.2)

If the centralbankis ableto forecasthe money multiplier correctlyandis alsoableto control
themonetarybaseit cancontrolthe money stock. Underthesecircumstanceghe money stock

1 The money multiplier approachis explainedin mary macroeconomitext books. The following description
draws from DorntuschandFischer(1994).



Figurel: Money Multiplier, Germaly, 19/5-1996
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Notes: Money Multiplier mm = % where M is the mone/ stockM3 and H is the monetarybase,seedata
appendix.

is anexogenouwariableassuminghatthesupplyof depositdy the publicis notrestrictedsuch
that D = R/r. Exogeneityof the money stockin this context meanghe ability of the central
bankto controlthe money stock.

The moneg/ multiplier approachhassomeimportantdravbacks: First, the operatingtarget of
centralbanksin the USA andin Europeis not the monetarybasebut a monegy market interest
rate (federalfundsrate,euroovernightindex averageEONIA). A theoryof money supplyhas
to considerthis andotherinstitutionaldetails. Secondaccordingto studiesof the relationship
betweernthe mong/ stockandthe monetarybasein Germaiy by Willms (1993)andby Nautz
(1998), a stablerelationshipbetweenthe money stock and the monetarybaseseemsnot to
exist, seealsofigure 1. Theincreaseof the money multiplier from about4.5to 7.1 shows that
the shareof the monetarybasein M3 hasdecreasedandthatbook money createdoy financial
intermediariehasbecomanoreandmoreimportant. Thereforejt maybeappropriatéo model
thebehaior of banksexplicitly insteadof reducingt to variationsof themoney multiplier. This
is proposednteraliaby Tobin (1967).In histerminology themoneg/ multiplier approachs the
“old view” of money supply while the “new view” interpretsfinancialintermediariesasfirms
which optimizetheir portfolios giventhe optimizing behaior of non-banks.Thatis, financial
intermediariesio not possesshe ability to expanddepositswithout limit like it is assumedn
the money multiplier approachabore. Thus,the amountof depositsandthe money stockare
endogenousariablesdeterminedoy the portfolio selectionprocessof commercialbanksand
the public. Correspondingo the useof the notion of exogeneityin this paper endogeneity
of money in this context meansthat the centralbankis not ableto control the money stock?
While optimizing their portfolio, banksand non-bankshave to considerthe conditionssetby
thecentralbank.Advocatesof themoney multiplier approachrefusethenew view, andfind “no
reasorto look beyondthe balancesheetof commerciabanks:. (Meltzer,1969,p. 39). Albeit
wealer and not asexplicit asin this quotation,this view canalsobe foundin a more recent
work (Meltzer, 1995). The monegy multiplier approachis also supportedoy Rasche(1993)
who admitsthat(p. 32) “The principle thatthe algebraiccomponent®f the money multiplier,
howeverformulated vary in responseo the economiadecisionsof bothdepositoryinstitutions
andthe publicis now widely acceptedamongmonetaryanalysts. but claimsthatthevariations
of the moneg/ multiplier are unsystematicand of short-runnature,andthat (p. 47) “Over the
longerrun, suchrandommovementdendto averageout, sothatchangesn basemoney arethe
mostimportantsourceof changesn transactionsnoney.”

2 SeealsoMuiller (1993);for ananalysisof endogeneitycausationandtheir relationseeMiller (1998).



Figurez: Money Growth Rateanaivionetary lamgetin Germaly
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Notes: Thick line: Money growth ratein %, shadedarea:announcedarget(pointtargetfrom 1975to 1978,and
in 1989,otheryears:upperandlower bound).From 1975to 1987,the money stockunderconsideratiorhasbeen
centralbankmoney, from 1988to 1998,M3. Up to the completeyear1990,the targetsandthe realizedgrowth
ratesarefor WestGermairy. From 1991 0n, thetargetsandthe realizedgrowth ratesarefor unitedGermary. The
dataaretakenfrom Leschle andPolleit (1997),andfrom the monthly bulletin of the DeutscheBundesbank.

2.2 MonetaryTametingin Germary from 1975to 1998

The exogeneityor controllability assumptiorof the money multiplier approactformsthe basis
of themonetarypolicy strat@y of monetarytamgeting® A monetarytamgetingstratgy hasbeen
adoptedor exampleby the DeutscheBundesbankrom 1975to 1998.1n DeutscheBundesbank
(1995, p. 91 ff.) it is describedhow the Bundesbankascontrolledthe money stock. The
Bundesbankefersimplicitly to themoney multiplier approachandstateghatits monopolyfor
banknotesandthe minimumreseresrequirementmply long-runcontrollability of the money
stockby meansof controllingthemonetarybase.

A preconditionfor an exogenousnoneg stockis a flexible exchangerate. This precondition
hasnot beengivendueto the moreor lessfixed exchangerateswithin the EuropearMonetary
System(EMS, founded1979), but the Bundesbankasbeenableto sterilize interventionson
the foreign exchangemarket like it hasbeenthe casein the EMS crisis of Septembel992.
Neverthelessas can be seenfrom figure 2, the DeutscheBundesbankvas not always able
to achiere its announcednonetarytamget. In the 24 yearsof monetarytamgeting from 1975
to 1998, the obsered monetarygrowth rate deviated from the announcedyrowth rate eleven
times. Amongothers,therearetwo possiblereasongor a deviation of the money growth rate
from the announcedaret: first, the Bundesbankasalso had other objectves. The money
growth rate hasnot beenan ultimate goal but only an intermediatetarget. The ultimate goal
hasbeenprice stability measuredn termsof theinflation rate.In someperiodstheremayhave
beentrade-ofs betweenthe announcednonetarytarget, the price stability target, and other
objectives,like the exchangerate. Secondmone/ could be endogenousThatis, the central
bankis not ableto setthe money growth rateasthe money multiplier approactor exogeneity
view of mong/ suggestsWhile the exogeneityview assumeshatthe money stockdetermines
oneor all of income,prices,andinterestrates the endogeneityiew postulategshatthe money
stockis determinedby oneor all of income,prices,andinterestrates,seefor exampleDesai

3 Themoney multiplier approactdoesnot necessarilymply exogeneityof the money stock.If the money multi-
plier exhibits unpredictablendendogenousariations the money stockis endogenoud-or reason®f simplic-
ity, it is supposedherethatthemoney stockis exogenousn themoney multiplier approach A money multiplier
modelwith endogenoumong/ canbefoundin Jarchev (1998),for example.
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anon- bankmgﬁnanmalsectorand rapldmternatlonalcapltalflows it is at Ieastquestlonable
whethemmoney is exogenous.

The endogeneityiew is also supportedby the explanationsof the BundesbanKor the dif-
ferencesbetweenannouncedarget and obsered mone/ growth rate since 1992/93. Before
1992/93 the explanationsof the Bundesbankor deviationsfrom the money growth ratetarget
werereasongor amoreexpansve or morerestrictve monetarypolicy thanannouncedT hatis,
theactionsof theBundesbankave beernresponsibldor thedeviationsof theexogenousnonegy
growth rate from the announcedamget. Since1992/93,the explanationsrefer to unforeseen
changesn the demandfor money implying thatthe endogenousnone/ stockhasbeendeter
minedby the demandor mong. Thefollowing explanationshave beengivenfor deviations?
From1975to 1978,the moneg/ growth ratewashigherthanthe announcedarget. The reason
wasapolicy of low interestratesto increasehelow level of realeconomiactvity. Thereasons
for the excessmoney growth from 1986to 1988have beenthe stabilizationof exchangerates
(DM/US-Dollar®, EMS) andprovision of liquidity to avoid a recessiorafter the stockmarket
crashin October1987. In 1993, a flight into curreny andinto short-termdepositshasbeen
theresultof theintroductionof awithholdingtax oninterestyields. Therefore the demandor
mone increased.In 1995,the only yearwith alower monegy growth ratethanthe announced
target, the demandior money decreasedsa consequencef the permissionof money market
fund shareswhich arenot partof M3. And in 1996,the mone/ growth ratewastoo high be-
causeof interestratedrivenportfolio variationsfrom money capitalto time deposits According
to theseexplanationsat the endof the periodof monetarytargetingin Germaly, demandside
forceshave beenthereasongor deviationsof themoney growth ratefrom theannouncedarget.
This supportghe endogeneityiew.

2.3 Modelingof Endogenou#/oney in the Literature

It hasalreadybeenstatedthat an importantcontribution to the discussiomaboutendogenous
moneg/ hasbeenTobin (1967)who emphasizedhe importanceof optimizing behaior of com-
mercialbanksandthe public for the money supplyprocess.Essentiallythe sameargumentis
usedin the PostKeynesianliteratureon money supply endogeneity Moore (1988, p. 381)
pointsoutthat“Banksareprice settersaandquantitytakersin boththeirretail loanandtheir de-
positmarkets. As aresultbothloansanddepositsaredemandietermined. and(p. 383)“Banks
may be assumedo adjusttheir borroving andlending rateson profit maximizing grounds.
Moore assumeshat the demandfor money, given the interestratesset by centralbank and
commercialbanks,is alwayssatisfied. This implies a horizontalmoney supplycurve in a di-

4 Theexplanationsof the monetarydevelopmentaretakenfrom von Hagen(1998)andBaltenspeger (1998).

5 While theUS-Dollarhasbeenvery strongin 1985(averageaxchangeateof 2.94DM/USD), the Dollar dropped
sharplyafter the New York Plazaannouncementf the G-5 on SeptembeR2, 1985. The depreciatiorof the

US-Dollar endedonly whenJapanand Germaty intervenedon the foreign exchangemarket. The US-Dollar
stabilizedin early 1987, alsodueto the Louvre accordof February22, 1987. For detailsseeKrugmanand
Obstfeld(1994),p. 582f.

Endogeneityof monegy is one of the core propositionsthat are commonto all PostKeynesians. Thesecore
propositionsareaccordingo Palley (1996,p. 9): “(a) thesignificanceof socialconflictoverincomedistribution,

(b) the centralityof aggregatedemandn the determinatiorof the level of economicactivity, (c) theinability of

nominalwageadjustmento ensurefull employment,(d) the endogenousatureof money, (e) theimportance
of debtfinancein the macroeconomiprocess(f) the fundamentallymutablenatureof expectationsaboutthe

uncertainfuture’ The PostKeynesiandiscussioraboutmoney supplyendogeneitganbefoundin Journalof

PostKeynesianEconomics,Journalof EconomiclssuesEconomieet Socétes,EconomieAppliquée. For an

overview seeMusellaandPanico(1995).
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accommodat/le endogenelty)AnotherV|eW of money supplyendogeneityithin thePostK ey-

nesianliteratureis heldinter alia by Pollin (1991). This view is calledstructuralendogeneity
The two approache$iave in commonthat money and credit are demanddeterminedbut the
structuralendogeneityapproachassumeshatthe money supplycurve hasa positive slopebe-
causethe centralbankimposesquantity constraintson the high-poveredmoney it supplies.
Theseconstraintdeadto a more sophisticatediability managemerdindfinancialinnovations
suchthat given resenes are compatiblewith a higher quantity of deposits. The interestrate
risesbecauseheliability managementausesdditionalcosts.

Money is alsoendogenous theworkhorsemodelof modernmonetarymacroeconomicwhich
is a dynamicstochastiggeneralequilibrium modelwith or without nominal rigidities (sticky
wagesand/orprices). In this kind of models,the centralbankusuallyfollows aninterestrate
rule, and the monegy stockis determinedoy moneg/ demand,seefor example Taylor (1999,
section2.1) andtheliteraturecitedthere.

The endogeneityof nominal moneg/ can also be modeledin other framewnorks, for example
the overlappinggenerationOLG) model. Richter (1990) usesan extendedversionof the

OLG modelto illustrate the implicationsof the “new view”. In this model,the endogeneity
of mongy is a consequencef the relationbetweencentralbankmoney andcommercialbank

mone/ (deposits). They are not perfectsubstitutesand thereforethe money market can be

dividedinto amarketfor centralbankmoney andamarket for deposits While the centralbank

offersexogenouslycentralbankmonegy, theamountof depositds determinedcendogenousipy

commerciabanksandthe public.

Here, the so-called(Freixasand Rochet,1997) industrial organizationapproachto banking
theoryis appliedto modelthe endogeneityof money. Centralelementsare submodelsof the
creditmarketandthedepositanarket. Reducedorm equationgor thequantityof loansandthe
quantityof depositsaredevelopedandinsertednto theaggrgyatedbalancesheeof commercial
banks. As a consequencehe monetarybaseand the mone/ stock are endogenous Before
the details of this model are explained, section3.1 gives a brief overview of the industrial
organizationapproacho bankingtheory

3 An IndustrialOrganizationModel of the Money-Creating
Sector

3.1 ThelndustrialOrganizationApproachto Banking Theory

Theindustrialorganizatiorapproachs onepossibleframenvork to addresshe question®f con-
temporaneoubankingtheory The definition of a bankin bankingtheoryis mainly the legal
definition of a commercialbankin the United Statesof America(U.S. BankingAct of 1971):
banksarefinancialintermediarieghatreceve (demand)epositsandoriginateloans. Thefol-
lowing functionsarefulfilled by banks! offering accesso a paymentsystemransformingas-
setsmanagingisk, andprocessingnformationandmonitoringborrovers. Themainquestions
in bankingtheoryare summarizedy Bhattacharyand Thakor (1993). Their review is orga-
nizedaroundsix majorissues:existenceof financialintermediaries¢reditallocation,liquidity
transformationmaturity transformation pankregulation,and borrover’s choiceof financing
structureand market microstructure All thesetopicsareanalyzedseparatelyandthe relation
betweerthe differentactiities of banksis notinspectedn detail. Santomerq1984)givesthe

7 SeeFreixasandRochet(1997,p. 2).
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B - Y
expectedvalueof anobjectve function:

max B [V (W) | (3.1)
subjectto .
Wt—I—T - Wt<1+’ﬁ't+1)<1+’ﬁ't+2)"'<1+’ﬁ't+7—) (32)
NP0 - O(SAS D), 03
t+k — = —— ’ .
! Witk-1 Wirk—1
where
V() = objectvefunction,0V/oW,., > 0andd*V/oW¢,, <0
W,,, = valueof terminalwealthatthehorizontime ~
Tok = stochastiqrofit perunit of capitalduringperiodt + k£, 0 < k < 7
IT, = stochastigrofitin period¢
A = stochasticgeturnfrom asset
fli = assetatgyory:, wherel <i<n
iDi = stochasticostfor deposit)
D; = depositcatgyory j, wherel < j <m
C(-) = operationgostfunction

Themodelsthatanalyzeassetsandliabilities aswell asits possibledependenciesanbedivided
into subsetsOnesubsetis theindustrialorganizationapproachIn this setof models,a special
focusis laid on the structureof the bankingmarket andthe competitionbetweenbanks. The
banksare modeledas optimizing agentson the market for loansandthe market for deposits.
The optimizing behaior is modeledas expectedprofit maximization,that is banksare risk
neutral (0>°V/0W¢,, = 0). This approachcan be extendedwith assumptionsiboutthe cost
function C(-). Baltenspeger (1980)reviews modelsthat considerthe costsof real resources,
especiallylabor, andBofingeretal. (1996)usea quadraticcostfunctionto modelcreditdefault
risk. Anothersubsebf modelsusesthetheoryof portfolio selectionwherebanksareassumed
to berisk averse(0*V /oW . < 0), seefor exampleFreixasandRochet(1997,chapter8).

Two articles,Klein (1971)andMonti (1972),build the basicsetupof theindustrialorganization
approachto banking. Klein (1971, p. 207) seeksto explain “(1) the equilibrium scaleof the
bank,(2) the compositionof the bank’s asseportfolio, (3) the compositionof the bankss liabil-
ities, (4) therateof intereston bankloans,(5) theyield the bankoffersonits time anddemand
depositaccounts. Monti (1972) hasthe samepurposebut analyzesadditionallythe impactof
the objectve function on bankbehaior. The generalframework is asfollows. The analyzed
economyconsistof four sectors®

Government CentralBank Households
public dept securitieqS) securitieqS) |wealth
monetary base depositdD)
(H)

8 SeeFreixasandRochet(1997,p. 53).



assets loans(L) monetary basedepositgD)
(H)
securitieqS) |capital
loans(L)

While thebondmarketis assumedo beperfectlycompetitve,theloanandthedepositsnarkets
arenot perfectlycompetitive. The profit functionof the bankingfirm is:

7 J i J

whereA; = S, A, = L, andD; = D. Thisis alsothe objectve 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
quantity of bondsin Klein (1971)andthe interestrate on depositsthe interestrate on loans,
and the quantity of bondsin Monti (1972). The costfunction is not modeledexplicitly. If
the demandor loansby firms andthe supplyof depositsy householdsrespecified the first
order conditionsof the profit maximizationproblemcan be usedto determinethe stocksof
bankassetsandliabilities andthe correspondingnterestrates.If thedemandor loansandthe
supplyof depositsareindependenbf eachother, the crossderivativesof the costfunctionare
zero(0*C'/0LOD = 9*C/0DAIL = 0), andif no furtherassumptiongiboutthe threemarkets
(loans,deposits bonds)are made,the decisionproblemof the bank canbe divided into two
independenproblems:the optimal choiceof interestrate/quantityon the loan market andthe
optimalchoiceof interestrate/quantityon the depositanarket.

FreixasandRochet(1997,p. 60) formulatethis modelwith the quantitiesof loansanddeposits
asdecisionvariablesandinterpretit as“a modelwith imperfectcompetitionwith two limiting
cases:N = 1 (monopoly)and N — +oo (perfectcompetition)”,whereN is the numberof
commerciabanks.

The Monti-Klein modelhasbeenexpandedn severalways. Dermine(1986)addsbankrupty

risk anddepositinsuranceandPrismanet al. (1986)analyzeuncertaintyandliquidity require-
ments. The resultof both papersis that the separabilityresultfor loansand depositsbreaks
down.

In thefollowing, aversionof theMonti-Klein modelwith theinterestatesonloansanddeposits
asdecisionparametersf banksis used.

3.2 The Model of the Money-CreatingSector:Market Participants

The market participantan this model of the money-creatingsectorarethe centralbank,com-
mercialbanksandhouseholds.

The behaior of the centralbankis exogenouslt fixestheinterestrateon the money market .
Thebalancesheetf the centralbankconsistsf centralbankcredit(C BC) onthe assetsside
andcurreng in use(CU) andreseres(R) ontheliabilities’ side:

CBC =CU + R. (3.5)

The commerciabanksare profit-maximizingfirms on anoligopolisticbankingmarket. Banks
buy loans(L) andselldepositd D). Their profit functionis

m,=i1L, —i®?D, — iCBC, + ilBP,, (3.6)



i ¢ et et ¢ A e

the net positionon the interbankmoney market. The balancesheetequationof a commercial
bankis

R,+L,+IBP,=D,+ CBC, (3.7)
suchthatthe netpositioncanbedefinedas

IBP, =D, -(1-r1)+CBC, — L, (3.8)

whenit is assumedhat banksonly hold requiredresenes(R,, = r - D,). The profit function
canalsobewritten as
M,=i&L0, +i(1-r)D, —iL, —i? D,. (3.9)

n

Commercialbanksare price settersand quantity takerson the credit andthe depositsmarket.
This type of simultaneou®ertrandcompetitionbetweerbanksis discussedn Yanelle(1988,
1989). One problemof simultaneousBertrandcompetitionis the existenceof a competitive
equilibrium “becausea monopolistin one market automaticallypecomesa monopolistin the
othermarket” (Yanelle, 1988,p. XV). If asinglecommerciabankoffersahigherinterestrateon
depositghanall othercommerciabanks,it getsall depositandbecomeslsoa monopoliston
thecreditmarket. But in amodelwith a centralbankthatoffershigh poweredmoney atafixed
interestratethereis asecondefinancingpossibilityfor commerciabanksbesideslepositsOn
this market (the moneg/ market), the commerciabankis a pricetaker.

Thethird groupof agentsarethe householdsThey have linear demandunctionsfor loansof
every bankn:

Ln=a0+a1-i£+0z2-(ifn—iﬁ)+a3-Y (310)
with
g, o, a3 >0, a; <0

andfor depositsof every bankn:®

Dyp= B+ B+l 4+ Bo- (1% —iD)+ B3+ Y (3.11)

with
/80351353 >07 52 < 0.

i andi” arethe interestrateson the credit market and the depositsmarket setby bankn,
respectiely. Y isincomeand:”,, andi” areaverageinterestratesof the otherbanks:

m=1
(mn) (me£n)

Furthermore it is assumedihatg—;’ > 1 and% > 1.

3.3 Equilibrium onthe CreditMarket

As alreadymentionedthe commerciabanksareprice settersaandquantitytakerson the credit
market and the depositsmarket. The quantitiesof loansand depositsin equilibrium arethe

9 This relationshipcould alsobe called supplyof deposits.The notiondemandor depositshasbeenchoserin
analogyto thecreditmarket.
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modelof a heterogeneousligopoly in Gith (1994).

Thefirstderivative of theprofit functionof acommerciabankn (3.9)with respecto theinterest
rateonthecreditmarketis

o, , 0L, . 0L,

Ln - 3 - ° B
BiL T T i
= (Oé() + 0412.5 — Odgis + a2i£n + OJ3Y) + is(&l — 042) — i(Oél — 042)
(3.12)
andthefirst orderconditionis:
(ap + a2i®,,) — (a1 — )i + 2(ay — ap)ik + azY = 0. (3.13)
Thesecondrderconditionis satisfied:
011,
aiLQ = 2(0&1 — 042) < 0. (314)
By insertingthe definitionof i~ into thefirst orderconditionandrearrangingve get:
N
(OJO + ]\;):21 Z Z#) — (Ch - ag)i + CY3Y
it =~ m=1 — . (3.15)

2(@1 — 042) N1

Theright-handsideis independenof n, thereforethe interestrate on the credit market is the
samefor all commerciabanks:

Vn: ik =it (3.16)
It followsthattheinterestrateon thecreditmarketin equilibriumis
i (=it al (3.17)
2041 — Qo
Insertingthis interestrateinto the demandor loansyields
L: = Q-+ CYliL* —+ CY3Y
aplar —ag)  af —ajay . (o — ag)OzgY (3.18)
20&1 — Q9 2&1 — 9 2&1 — Qg ’ '
Theaggregyatedquantityof loansis
L=cy+ci-i+cy-Y, (3.19)

where
co>0, <0, >0

arethe coeficientsof the expressiorfor the quantityof loansof a singlebank(3.18)multiplied
by N, the numberof commercialbanks. The quantity of loansdependn the mongy market
interestrateandon theincomeof the households.
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The solutionconcepton the depositamarket is the sameason the credit market. Commercial
banksare price settersand quantity takers. The first derivative of the profit function (3.9) of
bankn with respecto theinterestrateon the depositanarletis:

o, . B oD, .p 0D,
o = i-(1—r) 5D n = iy 2iD
= i-(1=7r)- (81— B2) — (Bo + Bii + Ba (1P, — il) + B3Y)
— iy - (b1 — f). (3.20)
We getthefollowing first ordercondition:
—(Bo + Bai?y) + (b1 — B)i(1 — 1) = 2(By — Bo)iy, — fBsY =0 (3.21)
andthe secondrderconditionis satisfied:
0?11,
In analogyto the creditmarket, every banksetsthe sameinterestrateon deposits:
.D* Bo— (B1 — Ba)i(l — 1) + B3Y
- _ 3.23
Z 2% — B (3:23)

andthe demandedjuantityof depositsor every bankis:

DX = Bo+ (il + 3y

Bo(Bi=Bo)  Bi=BiBa.,. (81— B2) B3
26— 2Bkt e ¢
Theaggregyatedquantityof deposits

with
do >0, dy >0, dy>0

depend®nthemongy marketinterestrate; andonincomeY . Thecoeficientsd; areagainthe
coeficientsof theexpressiorfor theindividual quantitiesmultiplied by N.

3.5 MonetaryBaseandMoney Stock

Theaggregyatedbalancesheebf the commerciabanksis:

N N

> (Ry+L,+IBP,) =) (Dy+CBC,).

n=1 n=1

N
With R, =r- D, and)  IBP, = 0 follows

n=1

N N N N
Y L,=) D,—r-> D,+)» CBC,
n=1 n=1 n=1

n=1 =

10



H=CBC=L—-(1-r)-D=cy+cii+cY —(1—=r)(dy+dii(1—r)+dY). (3.25)

The monetarybaseH equalscentralbankcreditandit dependn the quantityof loansL =
25:1 L, thequantityof depositsD = ij:l D,, andtherequiredresererater. Themonetary
baseis endogenousThe quantityof centralbanklendingis aresultof the profit maximization
of thecommerciabanks.

Aggregatingthe balancesheetof the bankingsectoryieldsthe money stock M:
L=CU+D=M. (3.26)

The moneg/ stockequalsthe aggreyatedquantity of loans,thatis, it is determinedoy its coun-
terparts.In amoredetailedmodelof mone supply the othercounterpart®f the money stock
which areneglectedhere,couldbe modeledtoo. Neglectedmajorcounterpartarenetforeign
asset®f thebankingsystem(F' A) andnon-monetaryiabilities of the bankingsystem(N M L):

M = L + FA — NML - O
(2262.1) (5247.7) (262.7) (3005.2) (243.0)

Numbersin parentheseare 1998 averagesof GermanM3 andits counterpartsn billions of
DM, andO denotesothercounterpartd®

3.6 Comparisorof Money Multiplier ApproachandMoney Supply
Endogeneity

In the mongy multiplier approachmoney is determineddy the monetarybaseandthe monegy
multiplier. Themonetarybasds setexogenoushby thecentralbank,andundertheassumptions
madehere,monegy is exogenousin thetheoryof endogenoumong on theotherhand,money
equalscreditdemandandthe monetarybaseis a resultof the optimal behaior of commercial
banksandhouseholds.

Accordingto the money multiplier approach,changesn incomeand changesn the monegy
marketinterestrateshouldnot causechangesn the money stock. However, this statemenbnly
holdsin thevery simplemonegy multiplier modelof section2.1. In moresophisticatesnodels,
the money multiplier dependsalsoon interestratesand on income. Therefore the impactof
interestratesandincomeon the moneg stock cannot be usedto distinguishbetweenthe two
approachesHowever, the effectsof changesn the requiredresene rateon the monetarybase
andon the moneg stockaredifferentin both concepts.Whereasan exogenousnonetarybase
doesnotdependnchanges therequiredresererate,thereis apositive effectonthemonetary
basein the modelof the money-creatingsectorpresentedh this section:

%—[: =dy + 2d1i(1 —r) + dyY > 0. (3.27)
A higherrequiredresene ratecauses decreasén the quantityof depositsut doesnot affect
the quantityof loans.The banksaskfor morecentralbankcreditto financetheloans!?

10 The datais takenfrom the monthly bulletin of the DeutscheBundesbanki-ebruary1999,tablell.2.

11 Regardlesof the consideredheoreticaimodel,the monetarybasewill alwaysincreassf therequiredresere
rateis increasedat leastin the very shortrun. Thisis dueto the definition of the monetarybasewhich is the
sumof curreng in useandresenes. In the money multiplier approachhowever, therequiredresene rateand
themonetarybaseareassumedo be moreor lessindependenpolicy variables.

11
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money multiplier mm dependsnegatlvely onthe requwedreser‘e rate, andso doesthe mong/
stock,seeequation(2.2). In the model of the money-creatingsectorwith endogenousnongy,
themong stockdoesnot dependntherequiredresene rate.

Anotherdifferencebetweenthe two conceptss the causalitystructureof mongy andincome.
In the exogeneityview, monegy is exogenousandcausesiominalincomevia prices(monetarist
view) or realincomevia the loanstock(creditview). In the endogenousnone view, income
determineghe demandfor mong/ and monetaryaggreatesdependon income. It is not ex-
cludedthatmoney causesncome,thereforethe causalitystructurecouldbe bidirectional.

A moneg/ multiplier equationcanalsobewritten in theendogenoumoney framework:

M Co + Cli + CQY
— = Y, 2
H Co+61i+02y (1—T’)<do+dll(1—’r)+d2 ) ( ,Z,T’) (3 8)

Theinterpretatiorof (3.28),however, is differentfrom theinterpretatiorof (2.2). A discussion
of themoney multiplier approachthecounterpartapproactandtheirrelationcanalsobefound
in Artis andLewis (1990).

4 The EconometridVodel

4.1 TheData

Quarterlydatafor Germaiy from 1975-1998s usedin theeconometri@nalysis.Thevariables
aredenotedasfollows: m is the logarithmicmoneg/ stockM3, & is the logarithmicmonetary
basey is logarithmicgrossdomesticproductin currentprices,s is a short-terminterestrate, ¢

is along-terminterestrateandr is the averagerequiredresene rate. The datais not adjusted
for the Germanunificationin 1990andnot seasonallyadjusted.Furtherdetailscanbe found

in the dataappendix. The calculationsn this paperareall performedusingMathematica4.0

moduleswritten by theauthor

All variableghatareanalyzecerearefoundto beintegratedof orderoneatasignificancdevel
of atleast10% (with exceptionof the spreadfor which the unit root hypothesicanberejected
at10%but cannotberejectedata 5% level), thatis, they have to bedifferencednceto become
stationary Theresultsof theaugmentedickey-Fullerunit roottestaresummarizedn table1.*?
For thetime serieswith structurabreak(m, h, andy), themodificationof the Dickey-Fullerunit
roottestproposedy Perron(1989),Perron(1990),andPerronandVogelsand1992)is applied.
Theinterestrateseriesandtherequiredresene seriesdo not seemto exhibit a structuralbreak,
seefiguresin AppendixA. Theresultsarequite robustto variationsof the numberof included
laggeddifferencesn thetestregressiorandtheinclusionof deterministiderms.

4.2 CointgyrationAnalysis

The econometridramenork, that is usedto confrontthe theoreticalmodel of section3 with
empiricalevidence s avectorautorgressve modelwith p = 6 variables:

k
Ty = Uy + Z Aize_i + uy, (4.1)

=1

12 Unit root testarefor examplediscussedn Hamilton (1994,chapterl 7).
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lablel: Unit Koot lests

Variable| Lags DeterministicTerms| Statistig CV (10%)|CV (5%)|CV (1%)
m 1 |c,t,s,DS903,DI1903| —2.50 —3.47 —-3.76 | —4.45
Am 0 c, s,DI903 —5.55 —2.58 —2.89 | —3.51
h 4 |c,t,s,DS903,DI903| —1.60 —3.47 —-3.76 | —4.45
Ah 3 c, s,DI903 —4.68 —2.58 —2.89 | —3.51
y 4 |c,t,st,DS903,DI903| —1.79 | —3.47 | —3.76 | —4.45
Ay 3 c, s,DI903 —5.23 | —2.58 —-2.89 | —3.51
12 2 C —1.44 —2.58 —2.89 —3.51
Al 1 C —6.50 —2.58 —2.89 | =3.51
s 2 C —2.40 —2.58 —2.89 —3.51
As 1 C —4.33 —2.58 —2.89 | =3.51
{—s 2 C —2.73 —2.58 —2.89 | —3.51
All—s)| 1 c —6.49 | —2.58 | —2.89 | —3.51
T 1 C —0.70 —2.58 —2.89 | =3.51
Ar 0 C —9.98 —2.58 —-3.89 | =3.51

Notes: Statisticis the valueof the AugmentedDickey-Fuller ¢-Statistic. For the seriesm, h, y, thetesthasbeen
extendedto allow for a structuralbreakin the time series(GermanUnification, 1990),seePerron(1989), model
(A). cindicatesanincludedconstantt anincludedtrend,s seasonatlummies.DS903is zeroup to 1990:2and1
afterwards,DI903is 1 in 1990:3andzerootherwise).The hypothesiof aunitrootis rejectedf theteststatisticis
smallerthanthecritical value(CV). Thesampleperiodis 1975:1-1998:4.

with z; = (my, hy, ys, se, by, 7¢)" @s vector of endogenouwvariables,u;, ~ N(0,%,) asa p-

dimensionaln.i.d. error processwith meanvector 0 and covariancematrix X, u; contains
deterministictermslik e a constant,a linear time trend and/ordummy variables. The econo-
metric analysisof vectorautorgrressve modelsis for exampledescribedn Hamilton (1994),
L Uitkepohl(1993),andLutkepohl(2001). The econometrianodel (4.1) differs from the theo-
retical specificationin the following way: first, dueto dataavailability, the considerednterest
ratesare not the sameasin the theoreticalmodel. Second,t is assumedhat the quantity of

loans(thatis the money stock)andthe quantityof depositscanbe approximatedy log-linear
simplificationsof their respectre specificationsn thetheoreticaimodel.

Thefirst stepof the analysisis to determinethe lag length%. To addresghis question,infor-
mation criteria like Akaike Information Criterion (AIC), Hannan-QuinrCriterion (HQ), and
Schwarz Criterion (SC) canbe used,seefor exampleL titkepohl(1993,chapter4). According
to theHQ criterion,alaglengthof £ = 2 is choserin thefollowing. AIC indicatesalaglength
of eightandSCindicatesalag lengthof one. The maximumlag lengthin the calculationof the
informationcriteriais eight,anda constan@anda lineartrendareincludedin the VAR specifi-
cation.AIC seemdo indicateatoo high laglengthin thiscaseandk = 2 is preferredo k£ = 1
becausehe shortrun dynamicsshallnot berestrictedunnecessarilat this stage.

Giventhefinding thatthe variablesareintegratedof orderone,denotedby z; ~ I(1), ateston
cointegrationis performedusingthereducedankregressionechniquedevelopedby Johansen
(1995).Theprocess; is cointegratedif thereexistsalinearcombinations’z, thatis stationary
If z, is cointegrated,(4.1) canalsobe written asa vectorerrorcorrectionmodel(VECM):
k—1
Azy = py + Tlwy_y + Z DiAzy i +ug = py + Tzpy + TAzy + uy, (4.2)
=1

wherek = 2 is used,andIl is of reducedankr (0 < r < p) andcanbedecomposethto two

13
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IT = a B

(p x p) (px7r) (rxp) (4.3)

r is called cointeggrationrank andis the numberof stationarylinear combinationsg’x;. The
columnsof 5 arenamedcointggratingvectors. The (p x r) matrix o containsthe adjustment
parametershatdescribeo which extentthe p variablesreactif the obsenedlevelsdiffer from
the r implied long-runequilibria. In the casethatis analyzecherethe VECM (4.2) hasto be
slightly modifiedto considetthe structuralbreakin the data.lt is assumedhn thefollowing that
the structuralbreakcanbe capturedwith a meanshift in the cointegratingrelations.Therefore,
the stepdummyd;, = DS903,that hasalsobeenusedin the unit root testsin section4.1, is
includedinto themodelsuchthatit occursonly in thelong-runrelationsbut notin theshort-run
dynamicsof themodel.In otherwords,thestepdummyvariableis restrictedo thecointegration
space.Thechangen meanin z; is obsenedasanoutlierin Ax;. Thereforethedummyvariable
Ad;= DI903 (Ad; is onein 1990:3andzeroin all otherquartersiandits first lag is addedn an
unrestrictedvay. Thefirstlagis consideredecausehelaglengthof the VECM representation
isk—1=1. TheVECM cannow bewritten as:

Ti—1

Axt:yo-l—[l_[:l/l][dt X

:| + FA-Tt_l + VQAdt + VgAdt_l -+ Uz. (44)
Theinclusionof anunrestrictedntercepttermv, allows for alineartrendin the data,because
a constantin the equationfor the first differencesmplies a linear trendin the levels. This
specificationseemgeasonabldecausehreeof the six variablesare clearly trending(money
stock, monetarybase,and GDP), seefiguresin AppendixA. Theinclusionof a deterministic
trendfor theinterestratesandtherequiredresene ratecanbejustifiedby the possibilitythatthe
constanin therespectre equationsanbe zero. The cointegratingvectorscannow be written

as ,
B Ty
( g ) ( " ) ~ 10), (4.5)

wherey, isa (1 x r) vector that containsthe coeficientsof the stepdummyin thelong-run
relations.The completesetof cointegrationcoeficientsis storedin g* = (4', i4})’.

Figure3 shavstheresultsof testsfor the cointeggrationrank. Thetestsarecalculatedn arecur
sive way startingwith thesamplel975:1-1981:4ndendingwith thesamplel975:1-1998:4In
additionto the previously describeddeterministicspecificationsomeotherrelevant specifica-
tionsareconsidered Up to the Germanunification,the hypotheseshatthe cointegrationrank
is at mostoneis clearlyrejected Afterwardsthetestresultsarenot thatunambiguousSpecifi-
cation(4.4) correspondso case(c), andit is assumedhatthe cointegrationrankis two though
thetracestatisticfor thewhole sampledoesnotrejectthe hypothesighatthe cointegrationrank
is at mostone. This procedurecan be justified by arguing that the adjustmentrocessafter
the Germanunificationis thereasorfor thefluctuationsof thetracestatisticaroundthe critical
value.

According to the resultof the cointgyrationtest, the VECM (4.4) is estimatedandr = 2
cointegratingrelationsareimposedt® The unrestrictectointegratingvectorsaregivenin table
2. Theinterpretationof the cointegratingvectorsdepend®n the identifying assumptionshat
have to bemadeatthis stage As mentioneckarlierit is assumedhatlog-linearapproximations
of themoney stockequationandthe monetarybaseequationarevalid suchthattwo stationary
linear combinationsexist. Theinspectionof the unrestrictedestimatorsof 5 suggestshatone

13 Estimationof vectorerror correctionmodelsandrelatedtopicsaresummarizedn Liitkepohl(2001).
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Figure3: Testsfor the CointegrationRankof x; = (my, hy, Y, b, St,71)’

(a) unresconstant (b) unres constantunres DI903
200 200
150 150
100 | D\ ./'\""\ 100 2\ — oI
MV \ A MANT \ ~
50 A > 50
81 83 85 87 89 91 93 95 97 99 81 83 85 87 89 91 93 95 97 99
(c) unresconstantres DS903 (d) unresconstantres trend
200 200
150 150
/'\f\,-—\
100 100 “"'"V’
50 50
81 83 85 87 89 91 93 95 97 99 81 83 85 87 89 91 93 95 97 99
(e) unresconstantres trend unres DI903 (f) unresconstantres trend res DS903
200 200
150 150
/"\—w
100 == 100
50 50
81 83 85 87 89 91 93 95 97 99 81 83 85 87 89 91 93 95 97 99

Notes: Thefiguresshav the LR tracestatisticfor the hypothesighatthe cointegrationrankis atmostzero(upper
curve) andfor the hypothesighatthe cointegrationrankis at mostone (lower curve). Differentspecificationof

thedeterministidermsareusedin casega)to (f); centeredseasonatlummiesareincludedin ary case Horizontal
linesare5% critical valuesthesearetakhulatedin the standarcdtasega), (b), (d), (e) wherenodummyvariablesare
restrictedto the cointegrationspace.For the caseqc) and(f), the critical valuesaregeneratedvith the program
DisCo,seeJohansemndNielsen(1993),with time seriesof lengthT = 400 anda stepdummywhich is zerofor

thefirst 65% of the sampleand1 afterwards. Critical valuesarebasedon 10,000replicationsof the simulation
experiment.
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labieZ: Long-runrelations

m h Yy l S r DS903

unrestricteccointegratingvectors
-30.98 7.60 2251 -81.06 56.36 —214.94 0.34
—25.20 33.79 -5.31 -72.66 50.62 —-110.95 -2.81

justidentifiedcointegratingvectors

1 0 -094 256 -1.78 7.50 -0.04
1 -1 -0.08 280 -195 5.19 0.07
overidentifiedcointegratingvectors
1 0 -1.32 254 0 0 0
(0.04)  (0.70)
1 -1 021 376 -3.76 10.62 0.04

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

Notes: Reducedankestimationof the VECM (4.4) asdescribedn Johanserf1995)andL iitkepohl(2001),the
cointggrationrank is two, the numberof lagsis two. Centeredseasonalummiesareincluded. The estimates
reportedarethe entriesof 5*'. Asymptoticstandarcerrorsin parentheseslhe sampleperiodis 1975:1-1998:4.

relationis amoney demandunction(M andY have approximatelycoeficientsproportionalto
1 and—1) andthatthe otheroneis a money multiplier relation(M and H have approximately
coeficients proportionalto 1 and —1). Therefore,the following identifying restrictionsare
imposed:

B = (Hy¢1, H26), (4.6)

wherethe matricesp; containthe unrestrictecestimatesand H; and H, aredefinedas

1000000 1-100000
0010000 0 010000
, 10001000 , 10001000
H=10000100| 2 H=|7 000100 (4.7)
0000010 0 00O0OO0O1O0
0000O0O01 0 00O0OO0OO1
Therestrictedcointggratingrelationscannow be describedy thetwo equations:
my = - 5§1yt - /811& - B{;St - /Békﬂ’t - ﬁ:;ldt + ecy; (4.8)
my—hy = — Bhye — Bigle — Biase — Bgore — Brade + ecor, .

whereecy; andecy; aretheerrorcorrectiontermswhich canbeinterpretedasdeviationsfrom the
long-runequilibria. Theserestrictionssatisfythe rank criterion givenin JohansemandJuselius
(1994, Theoreml) suchthatthey areidentifying:

The correspondingestimatesregivenin the middle partof table2. It canbetestedif thisis a
valid identifying normalizatiorschemeTheimposedrestrictionamply thatthevariablesy;, ¢;,
sy andr; arenot cointggrated.Luukkonenetal. (1999)suggest testfor avalid normalization
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for certainzero restrlctlonsm an auxiliary regressionmodel. This teststatistichasthe same
limiting distribution asthe correspondindik elihoodratio trace statisticfor cointegration. In

the caseconsideredere,thelik elihoodratio teststatistichasa valueof \;z = 49.01.The 5%
critical value(generatedvith DisCo, seenotesto figure 3) is 55.63suchthatthe validity of the
normalizationis not rejectedat a significancdevel of 5%.

Therequiredresene rate measures policy variablethatis assumedo be exogenousthatis,
it is assumedhatthe centralbankdoesnot have areactionfunctionfor settingthe requiredre-
sene rate. Therefore the modelis now conditionedon therequiredresere ratein orderto get
aslightly moreparsimoniousnodel* Furtherrestrictionscanbeimposed.Oneimplication of
thetheoreticaimodelis thattherequiredresene ratedoesnot occurin themoney demandela-
tion. Additionally, it is oftensufficientto have oneinterestratein themoney demandelation,in
generathisis along-terminterestrate;andit turnsoutthatthe money demandelationremains
stableafterthe structuralbreakin 1990suchthatthe stepdummyis not neededn this cointe-
grationrelation.Imposingtheserestrictionsandcalculatingthe cointeggratingvectorssuggests
furtherrestrictionon the secondcointegratingvector The coeficientsof thelong-termandthe
short-terminterestrateareapproximatelyproportionato 1 and—1 suchthatit canbeassumed
thatthe interestratespreads partof the monegy multiplier relation. The overidentifyingsetof
variableghatis now imposeds characterizethy

1-100 0 00
1000000 0010 O0O00O0
H=[0010000 and Hy=|0 0 01-100 (4.10)
0001000 0 000O0T1O0
0 000 O0O1
or alternatvely by
my = — Bhy — Bhle + ecyy (4.11)
—hy = — By — Bi(le —51) — Biare — Biody + ecy
with
rk(H; Hy) =4>1 and rk(Hy Hy)=2>1. (4.12)

The validity of theseoveridentifying restrictionscan be testedby comparingthe maximized
lik elihoodfunctionof theunrestrictecandtherestrictednodel® Thecorrespondindjk elihood
ratio teststatistichasa valueof 6.19andis y2-distributedwith 4 degreesof freedomsuchthat
the empiricalsignificancelevel is 0.19. The restrictionsare not rejectedat usualsignificance
levels,andthe cointegratingvectorscanbe foundin the lower partof table2. Abstractingfrom
deterministidermsthey canbeinterpretedasa monegy demandunction

my = 1.32y; — 2.54 0, + ecyy (4.13)
andamoney multiplier relation(recallthatm, h andy aremeasuredn logarithms)
— hy =021y, — 3.76 ({; — s;) — 10.62 7, + ecy;. (4.14)
Thesetwo long-runrelationsimply that

hy =111y + 1.22 4, — 3.76 54 + 10.62 1, + (ec1y — ecay). (4.15)

14 Partial VECMs arediscussedn Harboetal. (1998).
15 This testis describedn JohansemndJuseliug1994)andin Johanser(1995).
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Figure4: error Correctionierms
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Thisis along-runrelationbetweerthe monetarybaseandthe variableshatdetermindt in the
theoreticaimodelof section3. It canbe seerthatall coeficientsincludingtherequiredresene
ratehave the expectedsigns.

Themonegy demandunction(4.13)cannotbecomparedlirectlyto othermonegy demandstudies
for Germaiy. While (4.13)is ademandunctionfor nominalmoney, mostotherstudiesocuson

realmoney balancesThe generalkresultthata stablemoney demandunctioncanbe specified
for theunified Germaly is alsosupportedoy Wolterset al. (1998),for example. Theseauthors
find a stablereal money demandfunction (including the stepdummy DS903)for the period
1976to 1994. However, a stablerelationshipbetweerthe monetarybaseandthe broadmoney

stockM3 hasnot beenfound in other studies. The reasonis presumablythat the impact of

therequiredresere rateis modeledexplicitly herewhile Willms (1993)andNautz(1998),for

example,do notincludethe requiredresere ratein the modelbut usea monetarybasethatis

adjustedor changesn therequiredresere rate.

4.3 AdjustmentandShort-RunDynamics

Thecointggratingvectorsdo notshav thecompletanformationabouttherelationshipbetween
thevariablesn thesystem.t is still anopenquestiorwhich variablesreacton deviationsfrom
thelong-runequilibriaandhow innovationsor shocksaffectthevariables.

Whenthe cointgyratingvectors* areknown, the otherparametersf the VECM canbe esti-
matedby OLS. Theadjustmento thelong-runequilibriacanbecharacterizetyy theadjustment
parametershatarestoredin the matrix o. Theseparametersirethe coeficientsof ec; ,_; and
ece—1 In theequationdor thefirst differencesTheerrorcorrectiontermsareplottedin figure
4. The adjustmenfparametersre summarizedn table 3, wherethe resultsof testson weak
exogeneityfor eachvariablecanbe found, too. The teston weak exogeneityis a likelihood
ratio teston restrictionson the loadingmatrix a asdescribedn Johanserf1995). A variable
is saidto be weakly exogenousf its adjustmentoeficientsin front of all cointegrationrela-
tions (ecy ;1 andecy ;1) arezero: a;; = i = 0.1° If themoney stock,m, is consideredthe
restrictedoadingmatrixis:

o= . (4.16)

Q51 Q52

Thesetestssuggesthatboththe money stockandthelong-terminterestrateareweaklyexoge-
nous. On the otherhand,nominalincome,the short-terminterestrate and and the monetary

16 For a discussiorof (weak)exogeneityandcointegrationseeEricssonet al. (1998).
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lables: AgjustmentCoericients(Loadingiatrix o)

Am Ah Ay Al As

eci -1 —-0.08| 0.01| 0.17 | —-0.02 | —-0.00
(—1.89) | (0.15) | (3.47)| (~1.63)| (—0.08)
€Ca 1 —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: Coeficientsof theerrorcorrectiontermin theequatiorfor thevariablein thefirst row. Ratioof coeficient
and asymptoticstandarderrorsin parenthesesThe test on weak exogeneityis a likelihood ratio test of zero
restrictionson a. While « is calculatedunderconsideratiorof the overidentifyingrestrictionson 3, the weak
exogeneitytest statisticis calculatedwithout imposingtheserestrictions. Weak exogeneityis rejectedif the p-
valueis smallerthan5%.

baseadjustin directionof thelong-runequilibriaif equilibrium-deviationsoccur This constel-
lation canbe giventhe following economicinterpretation.Consideranincreaseof the money
stocksuchthatec;; > 0. In the next period,nominalincomeandthereforedemandor nom-
inal mong increasesuchthatthe equilibrium error is gettingsmaller The initial increaseof
the money stockgivesalsoriseto a positive error correctiontermin the money multiplier re-
lation. In the next period, the monetarybaseis increasingsuchthat the equilibrium error is
gettingsmaller This economicscenariocontradictsthe monegy multiplier approachaswell as
the endogenousnong/ model of the money-creatingsector It seemgo be the casethat the
nominalmoneg stockhasbeenundercontrol of the centralbankandthatnominalincomeand
theshort-terminterestrateaswell asthe monetarybasehave donethe adjustment.

The reactionof the variablesto innovationsin othervariablescan be analyzedwith impulse
responsdunctionsandforecasterror variancedecompositions.They are calculatedfrom the
level representation:

Ty =y + A1 + AoTe o + uy, (4.17)

with A, = I' + 11 4+ I and A, = —TI". 1, containsthe deterministicterms. Becaused; and
A, arecalculatedrom the VECM representatiornthe cointegrationrestrictionsandthe overi-

dentifying restrictionsareimposedon the level coeficients. Now, the impulseresponsesnd
their asymptoticstandarderrorsaswell asthe forecasterror variancedecompositionganbe
calculated seeAppendixB. andLutkepohl (1993, Chapterll). The orthogonalizedmpulse
responseandthe forecasterror variancedecompositionsiredepictedin AppendixB. The or-

deringof thevariabless (m, ¢, s, y, h); thetwo variableghatareweaklyexogenousarethefirst

onesin theordering!’ Impulseresponsearesupposedo be significantif zerois notincluded
within the confidencebandswhich are calculatedby addingand subtractingtwo asymptotic
standarcerrors.

Not all 25 impulseresponsegan be describedhere, but someimportantfindings shouldbe
mentioned. First, innovationsin the mone/ stock have a positive impact on future nominal

17 The ordering of variablesis importantin the sensethat a recursve structureof contemporaneouselations
is assumedn the calculationof orthogonalizedmpulseresponses.This is the casebecausehe Cholesky
decompositiornof X,, which givesa lower triangular matrix is usedto orthogonalizethe innovations. The
orderingis notimportantin thesensehattheinterpretatiorof theimpulseresponsem this applicationdepends
crucially onthe orderingof thevariables.
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The reverseimpact can also be seen: nominalincome seemso have a small but S|gn|f|cant
impacton the monegy stock. The forecasterror variancedecompositionhowever, shows that
this effect canbe neglected. Second,innovationsin the mone/ stock have animpacton the
monetarybasebut innovationsin the monetarybasedo not leadto a significantresponseof
the money stock. Third, the monetarybaseis negatively affectedby innovationsin theinterest
rateswhile the money stockis not. This implies that the money multiplier dependson the
interestrates. All thesefindings are compatiblewith the economicscenariodescribedn the
previoussection.Thatis, thereis no evidenceagainstheview thatthemoney stockhasbeenan
exogenouspolicy-determinedsariableduring the period of monetarytargeting. However, the
moneg/ multiplier approachs stronglyrejected.The monetarybaseseemdo be causedy the
money stockwhich is oppositeto the causalityexpectedfrom the money multiplier approach.
Similarresultsarereportedoy Brand(2001)who estimates statespacemodelfor interestrates,
bankresenes,andthe money stock. He concludeghat(p. 114f.) “it would be misleadingto
view the money supplyprocessn termsof a mong/-multiplier model,sinceinterestratesand
money areexogenoudo bankreseresandnotvice versd.

Furtherthecoeficientof Ar is only significantin themonetarybasesquatiornof theVECM. Its
valueis 4.50with a standarcerrorof 0.69suchthatthe positive impactof therequiredresene
rateon the monetarybasethatis predictedfrom the theoreticaimodelcanbe confirmed. The
respectre coeficient in the equationfor the money stockhasa value of —0.12,the standard
erroris 0.47.

Theanalysisof theshort-rundynamicss completedby testson Grangercausality'® Thevector
xy = (my, hy, Y, s, s¢)' canbe partitionedinto threeparts:

Ty = (xlua 33/2t7 xét)l- (4.18)

The numberof elementsare n,, ny, andns, respectrely, with n; + n, + n3 = 5. The null
hypothesighatthefirst n, variablesr;; arenot Grangercausedy thelastn; elementsrs; can
beformulatedasfollows:

H() : H13 = F13 = 0, (419)

wherell,3 andl';3 aretheupperright n; x n3 submatricesf IT andI’. TodaandPhillips (1993)
shaw thatunderthe null, the Wald teststatistic F,, is x2-distributedwith n;n3k degreesof
freedom,if certainrank conditionsarefulfilled® (¢ = 2 is the lag length of the VAR model
in levels). The Wald teststatisticis calculatedfor all subsetswith n; = n3 = 1, seetable4.
Fromthefirst row followsthatm is not Grangercausedy y, £ ands atasignificancdevel of at
least24%,andthesecondow shovsthath is Grangercausedy all othervariables It canalso
be seenthat money is Grangercausingnominalincome. With exceptionof the resultthatthe
monetarybaseGrangercauseghe money stock,the causalitytestresultsconfirmthe previous
results.

5 Conclusions

A model of the monegy-creatingsectorwith endogenousnong/ hasbeendeveloped. In this
model, mone/ equalscredit, and the monetarybaseis determinedby the profit-maximizing
behaior of commerciabanks.

18 Testingfor Grangercausalityin cointegratedvector autorgressie modelsis coveredin Toda and Phillips
(1993),wherethe following paragraptdraws from. An alternatve approachto testfor Grangercausalityin
integratedVVARs is the lag augmentatiorprocedurewhich is describedn Dolado and L iitkepohl (1996) and
TodaandYamamotq1995).

19 Therankconditionis satisfiedn every casereportedn table4.
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labie4: GrangerCausalitylests

m h Y l S

m| — 0.00 0.24 0.25 0.42
h ||0.00 - 0.00 0.00 0.00
y ||0.00 0.01 - 0.00 0.00
¢ | 0.00 0.00 0.01 - 0.00
s

0.33 0.00 0.58 0.02 -

Notes: Null hypothesisof the test: The columnvariableis Grangemoncausafor the row variable. The table
shaws the empiricalsignificancdevels of the Wald teststatisticF,,;, describedn thetext. Grangemoncausality
is rejectedf theempiricalsignificancdevel is smallerthanthe desiredhominalsignificancdevel.

Theimplicationsof the theoreticaimodelhave beentestedin the framewnork of a cointegrated
vectorautorgressve model. Someempiricalevidenceagainsthe mongy multiplier approach
hasbeenfound: A stablerelationshipbetweenthe monetarybaseandthe money stockcanbe

specified put the nominalmoney stockdoesnotadjustif deviationsfrom thislong-runrelation

occur;the adjustments doneby the monetarybaseinstead.Furthermorethe requiredresene

ratehasnot the negative impactonthe money stockthatis predictedfrom themoney multiplier

approach.The modelof the monegy/-creatingsectorthat hasbeenpresentedasits dravbacks,
too. Someof its implicationsare not found in the data. Especiallythe weak exogeneityof

nominalmoney is a contradictionto the theoreticaimodel. While it cannotbe rejectedthatthe

monetarnbaseas endogenousldeterminedik eit isimpliedin thetheoreticaimodel,themoney

stockcanbe supposedo be an exogenougin the senseof policy-determined)ariable. One
further drawvbackis thatthe money stockis setequalto the quantity of loans,which are only

oneitem of the counterpart®f M3. Therearealsootherimportantcounterpartéik e netcapital
formation,for example.

The main conclusionof this analysisis thereforethatthe Bundesbankasbeenableto control
the money stockM3 to a considerablextent but that the standardextbook money multiplier
approachs not appropriateo describehow the Bundesbankasaffectedthe developmentof
M3. Becausea stablemoney demandelationcanbespecifiedor theperiodof monetarytarget-
ing in Germauy it is reasonabléo supposdik e for exampleBrand(2001)thatthe Bundesbank
followeda policy of indirectmonetarytargetingby changingmonegy market conditions.
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M3: End of monthmone/ stock M3 (curreny in useplus sight depositsof domesticnon-
banksat domestichanksin Germaly plus time depositsfor lessthanfour yearsof do-
mestic non-banksat domesticbanksplus savings depositsat three months’ notice of
domesticnon-banksat domestichanksin Germauy) in billions of DM, seasonallynad-
justed. Monthly data(TU0800)from the CompactDisc DeutscheBundesbanK1998a),
continuedwith datafrom the monthly bulletin of the DeutscheBundesbanktablell.2.
1975:01-1990:3VestGermaly, and1990:06-1998:1%ermaty, notadjustedor German
unification. Quarterlydataareendof quarterstocks.

Monetarybase:sumof curreng in use(TU0048),requiredandexcessesenes(TU0062),lia-
bilities of the  Deutsche Bundesbank against domestic banks
(TUOO084)andcashof bankg(OU0312),in billions of DM, seasonallynadjustedMonthly
datafrom theCompacDisc DeutscheBundesbank1998a) continuedwith datafrom the
monthly bulletin of the DeutscheBundesbanktablesll.2., 111.2 andIV.1. Quarterlydata
areendof quarterstocks.

NominalGDP: Grossdomesticproductin currentprices,in billions of DM, seasonallyinad-
justed.Quarterlydata(DQO0727)for 1975:01-1990:02VestGermaly, from the Compact
Disc DeutscheBundesbank1998a),continuedwith datafor 1990:03-1998:04Germary,
from Deutschesgnstitut fur Wirtschaftsforschun@dDIW) Berlin (from the DIW-statfinder:
http://www.diw-berlin.de).

Real GDP: Grossdomesticproductin 1991 prices,in billions of DM, seasonallyunadjusted.
Quarterlydatafor 1975:01-1990:02West Germauy, from the CompactDisc Deutsche
Bundesbank1998a)(DQ0728). Datafor 1990:03-1998:04(Germaly, is calculatedas
theratio of nominalGDP andGDP deflator

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

Short-terminterestrate: Daily money marketinterestrate,Frankfurt/Main,monthlyaverages,
fractions,monthlydata(SU0101)from the CompacDisc DeutscheBundesbank1998a),
continuedwith datafrom the monthlybulletin, tableVI1.4. Quarterlydataaretherespec-
tive valuesof thelastmonthin a quarter

Long-terminterest rate: Yields on bondsoutstandingissuedby residents,monthly aver
ages fractions,monthly data(WU0017)from the CompactDisc DeutscheBundesbank
(1998a),continuedwith datafrom the monthly bulletin, table VII.5. Quarterlydataare
therespectre valuesof thelastmonthin aquarter

Average requiredreserveate: Ratioof requiredreseres(lU3006) andresenre baseof banks
subjectto resere requirement$lU3156), monthlydatafrom the CompacDisc Deutsche
Bundesbank1998a) continuedwith datafrom themonthlybulletin of the DeutschéBun-
desbanktableV.2. Quarterlydataaretherespectie valuesof thelastmonthin aquarter
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Theimpulseresponsdunctionsandforecasterrorvariancedecompositionarecalculatedrom
the level representatiomf the VAR which is obtainedby transformingthe VECM estimated
in section4.2. This is a linear transformationandthe standarderrorsfor the coeficientsin
thelevel representatiocanbe calculatedrom the VECM standarcerrors. Detailsof this pro-
cedurecanbe foundin Lutkepohl(1993,Chapterll). Whenthe level representatiomndthe
correspondingtandarcerrorshave beencomputedthe impulseresponsedprecasterror vari-
ancedecompositionsandtheir standarderrorscanbe calculatedik e in the caseof a stationary
VAR.

Table5: ForecasError VarianceDecompositiorfor m

ForecasErrorin m
horizon| m h Y 14 s

1 099 O 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:Orderingm, £, s, y, h. Asymptoticstandarcerrorsin braclets.
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Table6: Forecas€Error VarianceDecompositiorfor h

Forecas€&rrorin h
horizon| m h Yy l s

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 0.24 062 0.03 0.05 0.06
(0.13) (0.12) (0.02) (0.04) (0.04)
4 0.29 057 0.02 0.06 0.07
(0.15) (0.13) (0.02) (0.05) (0.05)
8 0.34 043 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:Orderingm, ¢, s, y, h. Asymptoticstandarcerrorsin braclets.

Table7: ForecasError VarianceDecompositiorfor y

Forecasgrrorin y
horizon| m h Y l S

1 001 0 094 004 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)
8 031 004 039 024 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:Orderingm, £, s, y, h. Asymptoticstandarcerrorsin braclets.
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Table8: Forecas€Error VarianceDecompositiorfor ¢

Forecas€Errorin ¢
horizon| m h Yy l s

1 0.00 O 0 100 O
(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 0.02 091 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:Orderingm, ¢, s, y, h. Asymptoticstandarcerrorsin braclets.

Table9: ForecasError VarianceDecompositiorfor s

Forecas€Errorin s
horizon| m h Y l S

1 001 O 0 014 084
(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 0.00 035 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 0.01 005 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:Orderingm, £, s, y, h. Asymptoticstandarcerrorsin braclets.
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Figure6: OrthogonalizedmpulseResponses
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