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A bstract
T his study investigates an incompletemarkets economy inwhich the

savingbehaviorofacontinuum ofin̄ nitelylivedagents is in° uencedby
precautionarysavingmotivesandborrowingconstraints.Twotypesofas-
sets (interestbearing IO U s and money)enhance the liquidityofagents
by providingan additionalmeans ofsmoothingconsumption and by ef-
fectivelylooseningborrowingconstraints. M oney is valued becauseofa
timingfrictioninthebondmarket.Inparticular,thebondmarketcloses
beforeagentsobservetheiridiosyncraticproductivityshock.H ighin° ation
rates willtransferresources from agents withhigh endowments tothose
holdingbondswhichcanincreasewelfare.H owever,inanin° ationaryen-
vironment, agents economizeonmoneyholdings, causingareduction in
welfare.Furthermore,di®erentmonetarygrowthrateswillimplydi®erent
seignioragerevenuesforgovernment.T helevelofseignioragerevenueswill
determinetheinterestrateongovernmentbonds,andthee®ectiveborrow-
ingconstraint.T hisstudyquantitativelyexaminesthewelfareimplications
ofdi®erentmonetarygrowthrates.Initialresults indicatethathigherin-
° ationrates increasewelfare.
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1.Introd uc tion

O ne ofthe most c eleb rated propositionsinmod ernmonetary economicsisthe
M iltonFried man's(1969) d oc trine regard ingthe \optimum quantity ofmoney".
Fried manargued that anoptimalmonetary policy involvesa stead y c ontrac tion
ofthe moneysupplyat a su± cient rate (usuallyat the d isc ount rate) so that the
nominalinterest rate iszero.T he mainid ea b ehind the Fried manRule isthat a
positive nominalinterest rate w ould encourage people to ec onomize ontheir c ash
hold ingsand thusd ec rease w elfare.Severalstud iestryto mod elthe environments
inw hich the Fried manRule isoptimal(e.g.Lucasand Stokey(1983),K imb rough
(1986a,1986b ),see also W ood ford (19 90 ) for anexcellent survey), and c ompute
the w elfare implicationsofgrow th ratesofmoneysupplyother thanproposed by
Fried man(e.g.Dotseyand Ireland (1996),Aiyagari,B raun,E ckstein(1998)).

O ne classofmod elsinw hich the optimalityofthe Fried manRule d oesnot nec -
essarily hold involvesthe absence ofcomplete insurance marketsand b orrow ing
constraints.Inthese environments,agentshold ¯at money (or any other asset)
to self-insure themselvesagainst stochastic end ow mentsand /or preferences.T he
c onsumptionsmoothingrole ofmoneygoesb ackto B ew ley(1980 ,1983) w ho ana-
lyzesthe optimality ofthe Fried manrule inthisframew ork.He show sthat there
may not exist any monetary equilib ria inw hich realb alancesremainb ound ed
aw ayfrom zero ifthe moneysupply iscontrac ted at or evennear the rate c alled
for by the Fried manRule. T hat is, a c ontrac tionofthe money supply may
prevent the existence ofa monetary equilib rium inw hich realmoney b alances
provid e \liquid ity"to agents.It isimportant to note that the choic e ofa low rate
ofmoneygrow th impliesd emonetizationofthe ec onomy- exac tlythe opposite of
Fried man'sob jec tive.T hispossib ilityarisesfrom the positive prob ab ilitythat an
agent receivesa longstream ofb ad shocksto hisend ow ments.Agentsw ould like
to hold anin̄nite amount ofrealb alancesagainst such a possib ilityifthe return
onrealb alancesissu± cientlyhigh (or ifthe c ontrac tionofthe moneysupply is
at or near the rate c alled for by the Fried manRule).

Imrohoroeglu(199 2 ) quantitativelyexaminesthe w elfare c ost ofin°ationund er
imperfec t insurance and ¯nd sthat the w elfare c ost ofmod erate ratesofin°ation
inthe incomplete marketsec onomy may w ellexceed that ofthe Arrow -Deb reu
economy.T hus,trad itionalestimatesofcost ofin°ationmayb e mislead ingsince
the area und er the empiric almoneyd emand curve isa poor measure ofthe w elfare
c ost ofin°ationinthe ¯rst plac e.

Ina similar framew ork, many stud iesconcentrate onasset pric e anomolies
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such asthe low riskfree rate onTreasury B illsand the equity premium. For
instance,Huggett (1993) show squantitatively that the low riskfree rate c anb e
explained w henpeople cannot trad e contingent claimsontheir end ow mentsand
fac e b orrow inglimits.Diaz -G imenez and P rescott (19 97) examine the b ehavior of
realinterest ratesongovernment d eb t,and report that the average rate ofreturn
ongovernment d eb t inthe mod elisclose to w hat isobserved inthe d ata.T he
fric tionintheirmod elthat givesrise to a valued currencyisthelarge d enomination
ofb ond s(and the assumptionthat agentscannot pooltheir savingsand share the
proc eed sofT -B ills).M onetarypolicya®ec tsthe realrate ofreturnongovernment
d eb t,and thereby changesthe taxrate onthe insurance servic esprovid ed by the
interest-b earingassets.

Aiyagari (199 4 , 19 95) show sthat the precautionary savingsmotive inthese
mod elscanlead to overac cumulationofcapital,and capitaltaxationmayneces-
sary to maximize w elfare.Similar to the inexistence result ofB ew ley (1983),he
show sthat the c ompetitive equilib rium inanincomplete marketsec onomycannot
sustainaninterest rate ofthe Arrow -Deb reu ec onomy w ith id entic alpreference
parameters.T hat is,the interest rate inanincomplete marketsec onomyisstric tly
low er thanthat ofthe Arrow -Deb reuec onomy.

Ina rec ent stud y,Aiyagari and M c G rattan(1998) examine the optimallevel
ofpublic d eb t ina mod elw ith incomplete marketsand id iosyncratic shocksto
lab or prod uc tivity.O nthe b ene¯t sid e,since agentscannot b orrow against their
lab or income,higherlevelsofgovernment d eb t enhance the liquid ityofhousehold s
by provid inganad d itionalmeansofsmoothingconsumptionand by e®ec tively
looseningb orrow ingconstraints.O nthe c ost sid e,the implied taxeshave ad verse
w ealth d istributionand incentive e®ec ts.T hey¯nd that the current levelofpublic
d eb t inthe U .S.ec onomyisclose to optimal;and ,the w elfare func tionis°at w ith
respec t to variouslevelsofpublic d eb t.Inother w ord s,concernsab out the level
ofpublic d eb t may b e misplaced .

O b viously,interest b earinggovernment d eb t isnot the onlyasset inthe ec on-
omy provid ingpartialinsurance.O ne possib ility isthe privately issued IO U sof
w hich the supply critically d epend sonthe ad hoc b orrow ingconstraints.G iven
that ¯at currencyhasa c onsumption-smoothingrole similar to that ofgovernment
d eb t,public polic iesshould take monetary policy into ac c ount asw ell.Further-
more, interest paymentsongovernment d eb t c anb e ¯nanced usingseigniorage
revenuesfrom in°ationarypolic ies.1 T hus,monetarypolicyand taxationschemes

1 A lternatively,theequilibrium allocationmaybesuchthatthegovernmentholds privately
issuedbondsandusetheinterestincomeformthesesecuritiesto n̄ancethecontractioninthe
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have tw o similarities. First, money hasinsurance e®ec tsasthe income taxa-
tion.T hat is,w ith higher in°ationthe variationinthe after-tax-income islow er.2

Sec ond , a high grow th rate ofmoney (thusa high rate ofin°ation) d istortsin-
tertemporald ecisions,and limitsthe insurance role ofmoney.Furthermore,the
seigniorage revenuesofthe government also d etermine the stead y state levelof
interest paymentsongovernment d eb t,and therefore,d etermine the e®ec tive b or-
row ingconstraint.Alternatively,d e°ationarymonetarypolic iesc anb e c ond uc ted
w henthe government hold sprivately-issued d eb t and usesthe interest income to
¯nance the positive returnonrealb alances.

T hus,d i®erent grow th ratesofmoneysupplyimplyd i®erent interest rateson
public d eb t. B oth the returnonpublic d eb t and how the public d eb t isb eing
¯nanced isc rucialfor d istrib utionalaspec tsofthe public polic ies.3 G iventhat
d i®erent moneysupplyruleshave w elfare c onsequences,one cancond uc t w elfare
c alculationssimilar to those inAiyagariand M c G rattan(1998).4

T he important innovationinthispaper isthe fac t that agentscanuse assets
w ith d i®erent returnsto self-insure against id iosyncratic uncertainty.5 T hus, it
allow susto und erstand the tensionb etw eeninterest b earingb ond sand money
w henb othassetsare held for prec autionarysavingspurposes.How ever,giventhat
moneyisd ominated byother assetsinratesofreturn,there must b e a fric tionin
the ec onomyw hich w illgive rise to a monetaryequilib rium.Here,follow ingAiya-
gariand W illiamson(1997) (see also Lucas(1990 ) and Fuerst (199 2 )),Iassume
limited participationinthe ¯nancialmarket; agentsd o not know their current
state variables(i.e. their end ow ment) b efore the b ond market closes. T hat is,
the timingw ithinthe period issuch that anagent makeshisd ec isionab out the
b ond purchase b efore he observeshisend ow ment. M oney market transac tions

moneysupply.T hecrucialassumptionhere is howmuchagents areallowedtoborrow.For
instance,ifagents cannotissuebonds atall,thende° ationarypoliciescannotbesustainedin
equilibrium.

2H ereafter-taxincomeequals endowmentplus interestincomefrom bonds andrealreturn
onmoneyholdings.

3N otethat,unlikeinrepresentativeagentmodels,lump-sumtransfersofmoneyisnotequiv-
alenttoopen-marketoperations.

4A iyagariandM cG rattencomparethewelfaree®ectsofdi®erentlevelsofpublicdebtwhereas
this studyinvestigatesthewelfareimplicationsofdi®erentrates ofin° ation.

5
:
ImrohoroegluandPrescott(1 991 )alsostudyaneconomywithboth ātcurrencyandbonds.

H owever,agentscannotholdinterestbearinggovernmentdebtwhichhastobeintermediatedby
banks.T heirmain n̄dingisthatalltheagentscareaboutistheafter-taxlevelofinterestrates;
thus,di®erentgrowthratesofmoneysupplywithdi®erentreserverequirementshaveidentical
welfareconsequencesas longastheafter-taxinterestratesdonotchange.
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allow him to smooth consumptionafter ob servinghisend ow ment.T hus,agents
w ho receive a highshockto their end ow ment mayuse moneyto smooth their c on-
sumptionover time.G iventhisstructure ofthe ec onomy,a high rate ofin°ation
taxesmoneyhold ingsand limitsthe ab ilityofagentsw ith high end ow ment shocks
to smooth consumption.At the same time,how ever,it allow sthe government to
sustaina higher interest rate onb ond s, thereby enhancesthe agents' ab ility to
insure themselvesagainst low end ow ment shocks.

T henumeric alresultsofthisstud yind ic ate that higher ratesofin°ationlead to
largerlevelsofseigniorage revenuesw hich isused to ¯nance higher ratesofinterest
ongovernment b ond s.Inequilib rium,these higher risk-free ratesofreturnallow
agentsto self-insure themselvesmore e®ec tively. T he negative e®ec tsofhigher
in°ationratesonw elfare,asemphasized by Fried manand others,are d ominated
by the revenue e®ec tsofhigher in°ationtaxonthe returnofgovernment b ond s.

T he paper isorganized asfollow s.Insection2 Ilayout themod elenvironment.
Insubsec tion2 .1, the equilib rium isd e¯ned . Welfare and parametrizationare
d iscussed insubsec tions2 .2 and 2 .3. Sec tion3 containsa d iscussionofresults
and their c omparisonw ith those inthe literature.Sec tion4 c onclud es.

2 .M od el

T he ec onomy hasa c ontinuum ofin̄nitelylived agentsofmeasure one w ho re-
c eive id iosyncratic shocksto their end ow ments. E ach period , agentsreceive an
end ow ment, et; intermsofthe one perishable c onsumptiongood . Let et b e
ind epend ently and id entically d istributed ac rossagentsand follow a tw o-state
M arkov proc essover time w ith e 2fel;ehg w ith stationarytransitionprob ab ility
¼(e0je) = P r[et+ 1 = e0jet= e]> 0:T here isno aggregate shockto the end ow ment
proc ess.

T here are tw o assetsinthe economy: aninterest b earingb ond ,b,issued by
b oth private agentsand the government, and ¯at money, M . Agentsare ab le
to issue privately issued b ond s(IO U s) up to anexogenouslimit w hich Icallthe
b orrow ingconstraint.It isassumed that IO U sand government b ond shave the
same nonstochastic rate ofreturn. E ach period the b ond market closesbefore
agentsobserve the shock to their end ow ment. T herefore, agentshave to make
d ec isionsab out future b ond hold ingsb efore theyobserve their end ow ment shock.
After the realizationofthe shock,agentsmake d ecisionshow much to c onsume
thisperiod and how much to save inrealmoneyb alances.T hat is,insome period s,
w henthe shockishigh,theymay prefer to substitute current consumptionw ith
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future c onsumptionbyhold ing¯at money.Inthese highend ow ment states,agents
may also ¯nd it optimalto self-insure themselvesby hold ing¯at money. T his
timingfric tiongivesrise to a monetaryequilib rium evenw henmoneyisd ominated
byb ond sinrate ofreturn.Inessence,it implic itly capturesthe transactioncosts
oftrad esinb ond markets, and impliesa \liquid ity premium"onthe returnof
realmoney b alances.

T he trad inginthe b ond market isnothingbut promisesofpaymentsw hich
are d elivered after the realizationofthe end ow ment shocksinthe same period .
Furthermore,promisesofpaymentsarenot reversible.Consequently,to guarantee
the d eliveryofb ond s,anagent cannot promise to purchase more b ond sthanthe
minimum possible resourc esavailable to him inthat period . T hat is, there is
anend ogenousupper b ound onb ond purchasesb ec ause ofthe non-negativity
assumptiononconsumption.T herefore,allpromised payments(and d elivery) of
b ond trad estake place w ith prob ab ility one.

T he agent'sproblem isto maximize

E0

( 1X

t= 0
¯tU (ct)

)
w here ¯ 2 (0 ;1) (2 .1)

U(c) =
c1¡¾

1¡¾
w here ¾ > 1: (2 .2 )

sub jec t to

ct(et)+
M t+ 1 (et)

pt
+ bt+ 1 · et+ (1 + rt)bt+

M t

pt
8et; (2 .3)

bt ¸ b; M t¸0 ; 8t: (2 .4 )

w here ptisthe pric e level,rtisthe state non-c ontingent returnonb ond sinterms
ofthe c onsumptiongood .T he exogenousb orrow ingconstraint,b; and the non-
negativity c onstraint on¯at money are givenby (2 .4 ).E quation(2 .3) hasto b e
satis̄ ed for allpossible valuesofetso that b ond purchase agreementsare realized
w ith prob ab ility one. It also involvesthe timingfric tion; the choice ofb ond
hold ingsofperiod t+ 1 takesplac e prior to the realizationofthe end ow ment
shock ofperiod tw hereasthe choic e ofconsumptionofperiod tand money of
period t+ 1 takesplac e after the realizationofthe end ow ment shockofperiod t.
Consequently,savingsinb ond sare b ound ed by the minimum possible available
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resourc esfor agentsinthat period .Note that the net nominalinterest rate equals
[(1 + rt)pt+ 1=pt]¡1 and ispositive unlessthe money supply isd e°ated at a
su± c ientlyhigh rate.6 T herefore,agentsw illnot hold moneyb alances(M t+ 1 = 0
in(2 .3)) ifthey receive the minimum end ow ment, el:Intuitively,agentsexante
d etermine b ond hold ingssuch that iftheyend up rec eivingel,anypositive savings
inrealb alancesw ould implya lossofnominalinterest income,therefore theysave
only inb ond sinthe w orst end ow ment state.

Furthermore, b ond hold ingsat time t+ 1 c annot exceed the minimum lab or
income plusgrossb ond returnsand money hold ingspurchased at time t.T his
restric tion,w hich arisesfrom the timinginthe mod el,putsanupper b ound on
asset hold ingsw ith positive returnsina more severe w ay.T ypic ally, the upper
b ound isd etermined bythe realizationofthe end ow ment shockand the monetary
policy;here,the low er b ound ofthe support ofthe shockprocessputsanupper
b ound onthe next period 'sb ond hold ings,bt+ 1.T hisrestric tionimpliesthat an
agent inthe w orst ind ivid ualstate w ith the minimum amount ofw ealth w illb e
ab le to ¯nance hisb ond purchasesw ith prob ab ility one.At the same time,this
fric tionlimitsthe ab ility ofagentsto smooth consumptionthrough savingsin
b ond s.7

Suppose that anagent d ec id esto purchase a positive amount ofb ond s.After
the trad e inthe b ond market,he facesa high end ow ment shockso that hisin-
c ome net ofpromised b ond paymentsishigh.T hus,inthe absence ofa money
market,current c onsumptionhasto b e highgiventhat the b ond market isclosed .
Inord er to avoid °uc tuationsinconsumption,agentsw ould like to hold anas-
set that they c anconvert into consumptiongood sc ostlessly.M oney servesthis
need ,and increasesw elfare.Furthermore,agentsd o not w ant to commit them-
selvesto a high levelofsavingsinb ond sw hentheir end ow ment islow . T hus,
b ond sare relativelylessliquid thanmoney.Consequently,the d emand for b ond s
(i.e.prec autionarysavingsmotive) d ec reasessince agentsd o not w ant to c ommit
themselvesto hold high levelsofsavingsagainst the possib ility ofrec eivinglow
end ow ment.T herefore,the c onsumptionsmoothingrole ofinterest-b earingassets
islimited c ompared to that ofHuggett (1993),Aiyagari(199 4 ),and Aiyagariand
M c G rattan(1998).

6G iven that ātmoney is more \ liquid"relativetobonds, intitutivelywecanarguethat
theeconomycansustainanequilbriumwith(1 + rt)·pt=pt+ 1 (i.eanegativenominalinterest
rate)andwithpositivedemandsforbothassets.Inotherwords,moneyhastobeara\ liquidity
premium"overbonds inequilibrium.

7SeetheR esultssectionforadiscussionofthisfeatureofthemodel.
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It isconvenient to transform the mod elinto a stationaryform.Tow ard this
end ,Id e¯ne m t= M t=pt¡1 and ¼t= pt¡1=ptw here m tisthe realmoneyb alances,
and ¼tisthe grossrealreturnonrealmoney b alances.

Let per c apita totalassetsinconsumptionunitsinperiod tb e at.T hen,

at= m t+ bt:

W ith these changes,the d ynamic programmingproblem solved by agentsis

V (at;et¡1) = max
bt+ 1

½
E

·
max
ct;m t+ 1

U (ct)+ ¯V (at+ 1;et)jet¡1
¾̧
: (2 .5)

s:t:ct(et)+ m t+ 1 (et)+ bt+ 1 · et+ (1 + rt)bt+ ¼tm t 8et; (2 .6)
bt ¸ b; M t¸0 ; 8t: (2 .7)

Inthiseconomy,the government takesthe passive role ofsupplyingloansto
the public.Inparticular,it setsthe monetarygrow th rate exogenously,and the
public d etermines,giventhe interest rate,itsd emand for b ond s.T he government
supply the b ond sac c ord ing to itsbud get c onstraint. T he government bud get
c onstraint inmonetaryunitsis

(1 + rt)B t+
M t

pt
= B t+ 1 +

M t+ 1

pt
(2 .8)

M t+ 1 = (1 + »)M t; (2 .9)

w here M t isthe aggregate supply of¯at money, and B t isthe net aggregate
supplyofb ond sinthe economy.Inthiseconomy,a moneyinjec tioncanb e mad e
by c ond uctingopenmarket operationsd esc rib ed in(2 .8) and (2 .9).8 T he money
supplygrow th,»; isexogenousand c onstant.9 Note that the government usesthe
seigniorage revenuesfrom the in°ationarymonetarypolicy(i.e.» > 0 ) to ¯nance

8Inrepresentativeagentsmodels,lumpsum transfersofmoney(i.e.\ helicopterdrop")and
retiringexistingdebtthroughopenmarketoperationsareequivalent.H owever,inthiseconomy,
anopenmarketoperation involves atransfertoagents holdinggovernmentdebt.G iventhat
thereisanondegeneratedistributionofagentswithrespecttobondholdings,thereisadi®erent
leveloftransfertoeachagentwhich is notthecasewhenthegovernmentmakes alump sum
transfertoeachagent.

9I assumethatthereisnouncertaintyaboutthemoneysupplyprocess,andthegovernment
cancommititselftoa x̄edmoneysupplyruleas in(2.6).
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the interest paymentsongovernment b ond s. Alternatively, ifthe government
follow sa d e°ationarymonetarypolicy(i.e.» < 0 ),thenit must hold private IO U s
to ¯nance the positive returnonrealmoney b alances.Note that the monetary
grow th rate,»; d eterminesthe grossrealreturnonrealmoney b alances, ¼t.In
particular,» = 1=¼t¡1:

2 .1.E quilib rium

T he ind ivid ualagent'spolicyfunctionsthat solve the d ynamic program in(2 .5)-
(2 .7) alongw ith the stochastic proc essofend ow mentsind uce a joint stochastic
proc essfor b ond hold ings,money hold ings, and end ow ment. U nd er some gen-
eralcond itions,thisstochastic proc essw illhave a limitingd istrib utiononb ond
hold ings,money hold ings,and end ow ment.G iventhat thisisaneconomy w ith
a continuum ofagents,these limitingd istributionsd escrib e both the long-runb e-
havior ofa single agent and the c ross-sec tionald istributionofasset hold ingsfor
the w hole ec onomy.10 Formally,the equilib rium canb e d e¯ned asfollow s:

Astationaryc ompetitive equilib rium for thisec onomyconsistsofd ec isionrules
b(a); m (a;e);c(a;e),for b ond hold ings,moneyhold ingsand consumptionrespec -
tively,together w ith the value function,V ,the stead y state joint d istributionof
assetsand end ow ment,H (a;e); the realreturnonb ond s, r; and the realreturn
onrealb alances,¼; w hich isconsistent w ith the exogenousrate ofmoneysupply,
»;such that

(i) givenpric esfr;¼g; b(a); m (a;e); c(a;e) maximize utility sub jec t to their
bud get c onstraint, the b orrow ing constraint, and the non-negativity ofmoney
hold ings(i.e.b(a); m (a;e); c(a;e) solve the prob lem in(2 .7)-(2 .9)).

(ii) B ond M arket clears:

B =
ZZ

b(a)d H (a;e): (2 .10 )

(iii) M oney M arket clears:

M =
ZZ

m (a;e)d H (a;e): (2 .11)

1 0 SeeM agillandQ uinzii (1 994)forconditionsonthelawofmotionforendowmentandasset
holdings.
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(iv) T he government bud get c onstraint issatis̄ ed every period :

rB = (1¡¼)M : (2 .12 )

B y Walras'Law , the good smarket isalso inequilib rium; that is, the expec ted
value ofthe end ow ment equalsthe c onsumptionofthe perishable good .

E [e]=
ZZ

c(a;e)d H (a;e): (2 .13)

2 .2 .Welfare

T he w elfare criterionused here issimilar to that inAiyagari and M c G rattan
(1999).It isthe expec ted d isc ounted sum ofutilitiesevaluated und er the equilib -
rium stochastic c onsumptionstream ofanin̄nitely-lived agent.It isthe stead y
state exante w elfare ofanagent.T herefore,allgenerationsare treated equally.
T he w elfare functionisgivenby

­ =
ZZ

V (a;e)d H (a;e): (2 .14 )

w here H (a;e) isthe stead ystate joint d istributionofassetsand end ow ment.
For each money supply rule, »,Icalculated the c ertainty equivalent ofcon-

sumptionlevelincomplete marketseconomy.T hat is,

¸ =
· V»
Vcm

1̧=(1¡¾)
(2 .15)

w here Vcm ;V» are the w elfare ofanagent inthe c omplete marketseconomy,and
the w elfare inthe incomplete marketsec onomyw ith the moneysupplyrule ».T he
closer ¸ getsto one, the lessimportant b ec omesthe fric tionsinthe incomplete
marketsec onomy,and the higher isthe w elfare.

2 .3.P arameterization

Ifollow the parametrizationofHuggett (1993) for the set ofparametersfeh ;el;
¼(ehjeh);¼(eljel);¯;¾;bg and the period length.T he end ow ment proc ess, e, can
b e interpreted asemployment statesfollow ingImrohoroeglu(1989).W heneh =
1:0 ;el = 0:1;¼(ehjeh) = 0:9 2 5;¼(ehjel) = 0:5; and there are sixmod elperiod sin
one year,the stand ard d eviationofannualearningsasa perc entage ofmeanofan
agent is2 0 % and the average d urationofthe low end ow ment (i.e.unemployment)
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is17w eeksor approximately tw o mod elperiod s. T he d iscount fac tor isset to
0:9932 2 w hichis0:96onanannualb asis(w hichimpliesaninterest rate of4 :2 % ina
complete marketseconomy).Istud ied the casesw here the riskaversioncoe± cient,
¾; isset at 3.T hisisconsistent w ith Huggett (1993),Heatonand Lucas(1997).
T he set b2f¡2 ;¡4 ;¡6;¡8g for d i®erent b orrow ingconstraintsare selec ted to
allow for the possib ility ofd e°ationary monetary policies.A b orrow inglimit of
¡5:3isequalto one year'saverage end ow ment.

T he algorithm to compute the equilib ria isd esc rib ed inJ ud d (19 99) and M i-
rand a and Fackler (1999).T he d ynamic programmingproblem for the ind ivid ual
agent isa functionofthe c ontinuousstate variable w ealth,a,w hich isthe sum
ofmoneyand b ond hold ings.Iemploysmooth approximationmethod sto ob tain
the value functionand the related policy functions. Iam able to approximate
the value functionusingChebychev polynomialsofd egree 15 and w ith 50 grid
points.T he computationconsistsofthe follow ingsteps.First,for a ¯xed rate
in°ation(d e°ation),a rate ofinterest rate onb ond sand c oe± c ientsofthe Cheby-
chev polynomialare guessed .W ith the value functioncomputed ,Isimulate the
policyfunctionsusinga longsequence ofend ow ment.11 Icalculate the meanof
the resultingd ata (i.e.the meanofb ond and moneyhold ings).U singthe mean
ofb ond d emand and the meanofmoneyd emand ,Icheckw hether the government
bud get c onstraint issatis̄ ed .12 Ifnot, reset the interest rate onb ond susinga
simple b isec tionmethod .O nce the government bud get c onstraint issatis̄ ed ,I
c ompute the w elfare for the c orrespond ingrate ofin°ation(d e°ation).Inpar-
ticular, Icompute the c ertainty equivalent ofthe risk-free stead y state levelof
consumption.

3.R esultsand Discussion

In°ationarymonetarypolicyhase®ec tsonthe d istrib utionofw ealth,and there-
fore, onsocialw elfare. T he b est government policy isto tax the agentsw ho
receive high prod uc tivity shocksand to transfer these resourcesto agentsw ho
receive low prod uc tivityshocks.T hispolicyhasthe same outc ome ina complete
marketsec onomy. How ever, such a policy w ould require that the government
hasa substantialamount ofinformationab out each agent'send ow ment.Iassume
that the government d oesnot have such aninformationalad vantage over markets,

1 1 I generateasequenceof20 ,0 0 0 periodslong,andignorethe r̄st2,0 0 0 observationstoavoid
thee®ectsoftheinitialstartingvalueofweathonthestationarydistribution.

1 2N umerically,thecriterionis 1 0¡4 inabsolutevalue.
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and therefore c annot implement thispolicy.Instead ,it uses¯scaland monetary
polic iesto maximize soc ialw elfare.

Inmymod el,in°ationarymonetary policy hasthree e®ec ts.A positive in°a-
tionw illind uce agentsto ec onomize moneyhold ingssince hold ingcash iscostly
inaneconomy w ith positive nominalinterest rates.How ever, agentsw ith high
prod uc tivityshockw illhold larger amountsofmoneyrelative to agentsw ith low
prod uc tivity shock. T hus, it w illalso red istribute resourc esfrom agentsw ith
a high current prod uc tivity shock to agentsw ho hold b ond s(w hich I callthe
d istrib ution-e®ec t). T he ¯rst e®ec t c allsfor d e°ationary monetary policy (i.e.
Fried manrule) w hereasthe sec ond one emphasizesexpansionary monetary pol-
icy. Although the former ispresent inmod elsw ith representative agents, the
latter canb e analyzed only inheterogenousagentsframew ork.T herefore,previ-
ousstud iesw ith representative agentscannot c apture the trad e-o® ofmonetary
policy.

Furthermore,asshow nin(2 .12 ), the exogenousrate ofin°ationd etermines,
together w ith end ogenousd emand for b ond sand money, the realinterest rate
inthe stationary equilib rium. A higher rate ofin°ationmay generate larger
seigniorage revenuesfor the government w hich may imply a higher rate ofreal
interest onb ond s(w hichIc allthe revenue-e®ec t).T he opportunityc ost ofhold ing
b ond sis¹ = 1=¯ ¡1.T he closer the interest rate isto ¹, the lesscostly it is
to hold b ond s, and the more e®ec tive b ond sare inenabling the consumer w ith
positive bond hold ingsto smooth consumption.How ever,higher interest ratesw ill
also penalize those w ith negative levelsofb ond hold ings.

G enerally, asinAiyagari and M c G rattan(1998) and others, persistence in
shocksmakesthe assetsmore important to smooth consumption. Ingeneral,
higher persistence impliesthat once anagent takesa low end ow ment shockit is
likely that he w illhave low end ow ment for future period s; therefore, it isopti-
malto ac cumulate a larger amount ofassetsagainst such a possib ility.Inthis
mod el, persistence inthe shock proc essconveysinformationto the constrained
agentsab out the current shocktheyc annot observe.T hus,agentsare lesscertain
ab out their prod uc tivity w hich c onsequently d ec reasestheir d emand for money
b alances.At the same time,how ever,higher persistence ind ucesagentsto hold
more assetsto self-insure themselvesw hich increasesthe d emand for interest-
b earingassets.T herefore, the serialcorrelationparameter inshockspinsd ow n
the tensionb etw eenmoneyand interest-b earingassetsw henagentstryto smooth
c onsumption.If,how ever,shocksare i.i.d .,thenpreviousrealizationsofthe shock
proc essprovid esno informationab out the current prod uc tivitylevelto the agent,
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thusmoneyservesw ellto smooth c onsumption.Insome sense,w henshocksare
serially correlated ,b ond sb ec ome more e®ec tive relative to money,vic e versa.

Table 1: ¾ = 3; b= ¡2

in°ation 1% 3% 6% 10 %
w elfare (̧ ) 0.984 8 0.9859 0 .9894 0.992 8
public d eb t 2 .0 987 2 .4 139 3.164 3 3.994 1
money 0.6656 0.6764 0 .6871 0.692 7
st.d ev.ofcon. 0.10 13 0.0 959 0 .0 853 0.0 814
int.rate (ann.) 0.0 034 0.0 0 84 0 .0 12 7 0.0 164

Isummarize the resultsw ith the d i®erent levelsofthe b orrow ingconstraint
inTables1-4 .Asinpreviousstud ies, the interest rate ismuch low er thanthat
ofa complete marketsec onomy w ith the same parameters. Y et, the resultsof
Huggett (1993) ind icate a much low er rate ofinterest (¡2 3% ) w ith a riskaversion
parameter,¾ = 3.Inthisec onomy,the returnofanad d itionalasset (i.e.money)
putsa low er b ound onthe returnofthe risk-free b ond s.Inother w ord s,given
that money ismore liquid relative to risk-free b ond s, the returnonthese assets
must b e stric tlyhigher thanthat onmoney.

Table 2 : ¾ = 3; b= ¡4

in°ation 1% 3% 6% 10 %
w elfare (̧ ) 0 .9899 0 .9897 0.992 7 0.99 4 7
public d eb t 0 .62 70 1.10 4 8 1.994 5 2 .8164
money 0.6705 0.6865 0.6959 0.6991
st.d ev.ofcons. 0.0 992 0 .0 886 0.0 857 0.0 80 0
interest rate (ann.) 0.0 10 5 0 .0 189 0.0 2 0 4 0.0 2 36

Numericalresultsshow that und er alllevelsofb orrow ingconstraintsw elfare
increasesw ith higher ratesofin°ation(see Tables1-4 ).Furthermore,the levelof
public d eb t isalw ayspositive and monotonic ally increasingw ith the rate ofin-
°ation.Interestingly,agentsd o not substantiallychange their d emand for money
for d i®erent ratesofin°ation.G iventhat,seigniorage revenuesrise w ith higher
in°ationrates,and consequently,the equilib rium interest rate increases.O nnet,
higher interest ratesallow agentsto self-insure more e®ec tively,and causingw el-
fare to increase.
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Table 3: ¾ = 3;b= ¡6

in°ation 1% 3% 6% 10 %
w elfare (̧ ) 0 .99 2 9 0 .9938 0.9950 0.9966
public d eb t 0 .2 647 0.7686 1.4 34 0 2 .2 685
money d emand 0 .70 2 6 0 .7055 0.70 95 0.712 1
st.d ev.ofcons. 0.0 817 0.0794 0.0787 0.0766
interest rate (ann.) 0.0 2 62 0 .0 2 80 0.0 2 9 0 0.030 1

Ialso c alculated changesinw elfare w henthe monetary authorityshiftsfrom
one money supply rule to another. Inother w ord s, Ic alculated the d i®erence
inw elfare inconsumptionunitsw henthe in°ationrate rises.13 For instance,
w henb = ¡8,anagent enjoys0:2 4 % inc rease inconsumptioninevery period if
the in°ationhasb eenraised from 1% to 10 % . For the most severe b orrow ing
constraint (b= ¡2 ),the gaininconsumptionequals0:81% for the same increase
inthe rate ofin°ation.T hus,the w elfare gainsfrom higher in°ationare higher
w henagentsare sub jec t to more severe b orrow ingconstraints.

T hese resultsd i®er from those ofthe existingliterature intw o d imensions.
First, previousstud iesofincomplete marketsreport a loss ofw elfare w henthe
economyexperienceshigher ratesofin°ation(e.g.Imrohoroeglu(199 2 )).Sec ond ,
these w elfare gainsare relativelylarge eventhough the agentsare in̄nitely-lived
and canhold tw o typesofassets.K ruselland Smith (1999) show that d ynasties
canprotec t their memb ersvery w ellinutility termsfrom id iosyncratic shocks
usingonlyone asset eveninthe presence ofa b orrow ingconstraint.

Table 4 : ¾ = 3;b= ¡8

in°ation 1% 3% 6% 10 %
w elfare (̧ ) 0.9956 0.9960 0 .9968 0.9979
public d eb t 0.2 2 58 0.64 14 1.2 54 5 2 .0 4 66
money d emand 0.7198 0.72 13 0.72 2 8 0.72 15
st.d ev ofcons. 0.0737 0.0734 0 .072 7 0.0752
interest rate 0.0336 0.0338 0.0 34 1 0.0 337

1 3T his calculationis similartocalculating¸ in(2.1 5).
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M oneyisvalued inthiseconomy b ec ause ofthe informational/timingfric tion
inthe loanmarket.R esultsmay b e sensitive to thisspec ī c fric tion.Certainly,
there are transactioncostsfor trad inginthe b ond markets,and money b earsa
liquid ity premium over these assets.T he questionisw hether resultsw illchange
ifthe mod elincorporatesthese transactioncostsexplic itly.

O nehasto b ear inmind that Iabstrac ted from aggregateuncertaintyab out the
monetarypolicyand the end ow ment proc ess.Inanenvironment w ith incomplete
markets,aggregate uncertaintyab out the monetary policy and the in°ationmay
limit the ab ility ofgovernment to ¯nance interest paymentsonitsd eb t since the
taxb ase (i.e.d emand for money) may b e small.

4 .Conclusion

Inthispaper Id evelop a d ynamic,incomplete marketsgeneralequilib rium mod el
w ith tw o typesofassets(money and b ond ) that are held only for prec aution-
ary savingsmotives.T he stud y triesto investigate the w elfare consequencesof
d i®erent ratesofin°ation.Inparticular, w elfare issuesare d iscussed w henthe
government cancollec t seigniorage revenuesusing the in°ationtax w hich are
used to ¯nance the paymentsonpublic d eb t, and w henmoney also servesfor
c onsumption-smoothingpurposes.

P reviousstud iesshow that the in°ationtaxisw elfare-d ec reasinginanenvi-
ronment w ith only¯at money,and therefore,c allfor d e°ationarypolicies.O nthe
c ontrary,thisstud y concentratesnot onlyonthe insurance role ofmoney but on
the revenuesgenerated by in°ationarypolic ies.T he main¯nd ingofthe paper is
that w elfare increasesw henthe government useshigher ratesofin°ationtaxto
¯nance higher returnsand levelofpublic d eb t.Furthermore,w elfare gainsincon-
sumptionunitsare large relative to those inmod elsw ith in̄nitely-lived agents.
W henagentsare sub jec t to more severe b orrow ingconstraints,w elfare gainsfrom
higher grow th ratesofmoneyare larger.

Infuture w ork, it may b e usefulto c onsid er the e®ec tsofin°ationoncap-
italac cumulation. Certainly, higher in°ationrates, like any other d istortionay
taxation,w illhave negative incentive e®ec tsoninvestment and output.Incom-
pletenessand imperfec tionsinloanmarketsc ould b e incorporated explicitly in
ord er to und erstand and evaluate w elfare c onsequencesofin°ation.
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