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Abstract

The paperstudiesloan activity in a context wherebankshave to follow BasleAccord type
rulesandneedto find financingwith thehouseholds.Loanactivity typically decreaseswhen
investmentreturnsof entrepreneursdecline,andwe studywhich typeof policy could revig-
oratean economyin badshape. We find that active monetarypolicy increasesloanseven
whentheeconomyis in goodshape,while introducingactive capitalrequirementpolicy can
beeffectiveaswell if it impliestighteningof regulationin badtimes.

Keywords: Bank Capital Channel,Capital Requirements,BasleAccord, Occupational
Choice,Bankruptcy, CreditCrunch.

JEL Classification:E44,E22,G28,E58



1 Introduction

Traditionally, the literatureon financialintermediationandcredit channels,especiallycredit
crunches,emphasizedtherelationbetweenbanksandentrepreneursrequiringcredit,neglect-
ing thefundingof banks.With thispaper, wewantto bemuchmoreprecisein thisrespectand
studytheimpactof fundingoncredit. Indeed,regulationthathasbecomeworld widewith the
BasleAccordputslimits on theamountof loansbankscangive,limits thataredeterminedby
the level of bankequity. How muchequitythebankscanissuedependsin particularon how
muchhouseholdsarewilling to buy equityin additionto deposits.

In our modeleconomy, householdshave heterogenousassetholdingsbecausethey have
differentlaborhistoriesandbecauseonly someof themgetcreditasentrepreneurs(andamong
those,the returnon investmentis stochastic).Non-entrepreneurhouseholdsinvest in bank
depositsandbankequity, andbanksmaximizeprofitswhile following regulations.A central
bankconductsthemonetarypolicy andregulatesthebanks.

Therefore,whenbanksneedto reducetheir loanportfolio, thedisplacedentrepreneursbe-
comenew equityholders,therebyactingas“automaticstabilizers”.However, bankstypically
cut loansasa consequenceof their loan portfolio becomingtoo risky, andhouseholdsmay
thenwantto hold lessequityin banksthatarenow morerisky. Whetherbankshave to tighten
credita lot or notnow dependsverymuchon thedistributionof assetsacrosshouseholdsand
their equitydecisions.

We solve this very rich modelusingnumericalmethods,in particularfor the transitional
dynamicsthatmay leadaneconomyinto a credit crunch. We thenlook which policiesmay
helptheeconomyoutof atrough.Wefind thattheendogenousdistributionof assetshasstrong
implicationsthatshouldnot beneglectedin futureresearch.Also, monetarypolicy canhave
positiverealeffectsif thecentralbankcancommitto actin particularways.

We find someevidencein our model that a credit crunchcan arisein the presenceof
capital requirements.Numericalsimulationsshow this it is not large. It is naturalto look
whetherflexible capitalrequirementscanhave a positive impact. Onewould first think that
looseningthoserequirementsin a troughwouldexpandtheloanmass.It appearsthecontrary
is indicated,astightercapitalrequirementsincreasethedemandfor equity, andthusfacilitate
thefinancingof banks,sufficiently to offsetthereductionof allowableloansfor givenequity.
Again, this highlightstheimportanceof householdsavingsdecisions.

BernankeandGertler(1995)highlightseveralchannelsthroughwhichmonetarypolicy in-
fluencesrealactivity. Two operateonlending.In thebalancesheetchannel,Fedpolicy affects
the financialpositionof borrowersandhencethereability to postcollateralor self-finance.
In thebanklendingchannel,Fedpolicy shifts thesupplyof bankcredit, in particularloans.
They arguethe importantof the latter channelhasdeclinedwith deregulation,asthis chan-
nel relieson reserves.VandeHeuvel (2001)identifiesanotherchannelstemmingspecifically
from BaselAccordlikerules.The“bankcapitalchannel”arisesfrom maturitytransformation
throughbanks:highershortterminterestratesdepressprofits,thusequityandcapitaladequa-
cy. Thismodelhasaverydetailedbankingstructure,but neglectstheproblemsof households
andfirms. Our modelhasa simplerbankingstructurebut emphasizesthe sourceof financ-
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ing (households)andthedemandfor loans(entrepreneurs)by modelingoccupationalchoice,
savingsandbankruptcy.1

ChamiandCosimano(2001)identify a similar channel,therecalled“bank-balancesheet
channel”,introducingtheconceptof increasingmarginal costof externalfinancing. As Van
denHeuvel, they needmarket power in thebankingindustryto obtaintheresult. Our model
hasfully competitive banks. Bolton and Freixas(2001) find that capital requirementscan
be the origin of a credit crunch. Their model is very detailedon the lending market and
asymmetricinformation. Our modelputsmoreemphasison thefinancingsideanddoesnot
requireasymmetricinformation.

Thestructureof this paperis asfollows: section2.2 analyzestheheterogenousbehavior
of households,sections2.3and2.4analyzethe(homogeneous)financialsectorandthecentral
bank,section2.6definesandanalyzestheequilibriumandsection3 presentsthecalibrationof
themodel. Section4 analysesbanklendingandoptimalmonetarypolicy behavior following
negative shocks.Section5 concludes.Appendicesgive detailsaboutvariousaspectsof the
modelandthesolutionstrategy.

2 Model

2.1 Overview

Therearefour typesof agentsin theeconomy:households,banks,mutualfunds,anda cen-
tral bank. Given a shortageof internalfinancing,householdsthat are in a productive stage
of their livesmustapply for externalfunds. Successfulapplicantsbecomeentrepreneursand
othersstayworkers.Eachworkerfacesanidiosyncraticshockof becomingunemployedwhile
entrepreneurshave risky returnson investment.All householdsin a productive stageof life
(entrepreneurs,employedandunemployedworkers)facea risk of becomingpermanentlyre-
tired,andall retireesfacea risk of dying. New householdsarebornto replacethedeadones.

Whenthehouseholdsmake their consumption–savingsdecision,savingsareinvestedin a
mutualfundcompany thatdecidesontheiroptimalallocationbetweenbankdepositsandbank
equity. Bankscollectdepositsandequityandprovideloansto entrepreneursandpurchaserisk-
freegovernmentbondsin orderto maximizetheir profits.Banksscreenloanapplicationsand
acceptthemaccordingto thelevel of household’s networth. Bankshave to purchasedeposit
insuranceandaresubjectto acapitaladequacy requirementimposedby thecentralbank.The
centralbankalsocontrolsthegovernmentbondrate.

We now go throughthemodelin moredetail.
1Theheterogeneityof firms we obtainis thennedogenous.Bernanke,GertlerandGilchrist (1998)alsohave

heterogeousfirms,but they exogenouslyfix a shareof firms to haveeasyaccessto credit.
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2.2 Households

In themodeleconomy, thereis a continuumof measureoneof households,eachmaximizing
their expectedutility by choosingan optimal consumption–savings path. A householdcan
either be productive or retired, and the probability of a productive householdretiring � is
exogenous2.

A productive household
�

is endowed with oneindivisible investmentprojectof size ���� ,
which is alwaysgreaterthanthehousehold’s networth ���� . We assumethat the total invest-
ment is a fixed multiple of household’s net worth: ����	��
 ���� where 

��� . The project is
indivisible,andso � 
������ ���� hasto befundedby thebankin orderfor a projectto beunder-
taken3. If a householdreceivesa loan it becomesanentrepreneurandinvestsinto a project,
receiving areturn � �� drawn from atrinomialdistribution.Weassumethatthedistributionof re-
turnsis suchthathouseholdsalwayspreferinvestinginto projectsandbecomingentrepreneurs
to becomingworkers4. Thereturnsaredrawn independentlyacrosshouseholds(i.e. projects)
andtime. Thelowestof thereturnsis sufficiently negativewith apositiveprobabilityto leadto
bankruptcy, in which casea householdis guaranteeda minimal amountof consumption��� ���
andstartsnext periodwith no assets.

Whenbankrejectsa loanapplication,thehouseholdentersthework forceandfacesex-
ogenousprobabilities����� of becomingemployedand � of becomingunemployed.Workers
receive wageincome � . Unemployedworkersreceive unemploymentbenefits� � where � is
thereplacementratio.

Laborsupplyis inelasticat anindividual level. At theaggregatelevel, laborsupplyis de-
terminedby theflows betweenthepoolsof workers,entrepreneurs,unemployedandretirees.
Thisassumptionincreasestheroleassetaccumulationplaysin theeconomy. Weuseaggregate
laborinputdataon theaveragehoursperworker to calibratethelabordemand.Therefore,the
labormarketclearsimplicitly at thelevel of theutility function.Becauseof theinelasticlabor
supply, weneedto assumeexogenouswagesfor thecalibratedparametervalues.

After retirement,thehouseholdearnsincomefrom its savingsandpension(which equal-
s unemploymentbenefitpayments).Retireesfacea probability ! of dying. They are then
replacedby agentswith no assetsandany remainingassetsarelost (no bequests).

Thehouseholdsmaketheirconsumption–savingsdecisionto maximizetheirexpectedlife-
timeutility. Themomentaryutility functionis aCRRA type:

" �#� �%$'&(� �#)+*$'& �-,/.0* � ,/.21 �3��4�65
where7 �98;: <;= " =�>?=A@CB , ) denotesleisure,� consumptionand 5 is arisk-aversionparameter.
As mentionedabove,thelaborsupplyis inelasticandthevalues) $'& representmarket-clearing
valuesfor leisure.

2Onceretired,householdcannotbecomeproductiveagain.
3Thereforeat a householdlevel, demandfor loansis uniquelydeterminedby the net worth andso by the

historyof consumption–savingsdecisionsandluck.
4Actually, a participationconstraintis imposed,andit wasalwayssatisfiedin our experiments.
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Let D $'& denotethevaluefunctionsand �FE betheminimumnetworth eligible for external
financing.A worker with a networth � ( GH�FE ) facesprobability( �I�J� ) of beingemployed,
following whichhereceiveslaborincome� � � �K� )ML �%N andinterestincome@PO�� , consumes
adesiredlevel anddepositshis networth ��Q 5 with a mutualfund. If unemployed,hereceives
unemploymentbenefitpayment� � � � N andmakesasimilarconsumption–savingsdecision.
In thenext period,dependingon thelevel of � Q , aworkermayeitherbecomeanentrepreneur
(borrower)or remainaworker (depositor).

For anemployedworker:

DRLF�S� � �T�VU?WYX&[Z+\ � Z^] : " L_�#)`L�=�� � �Kacbed � �I� � �fd � �4�J�g� DhLi�[� � Q �Ka
� Dhjk�S� � Q �Ka >ml ] D�no�S� � Q =A� � Q �/pqa � Dhrk�S� � Q �sp B (1)

s.t. � � a � � Q � � �ea � O � � � a �
For anunemployedworker:

Dhj(�S� � �o�tU?WYX& Z \ � Z ] : " j(�S)+ju=�� � �Kavbwd � �I� � �xd � �4�y�g� DRLF�S� � Q �Ka
� Dgj(�[� � Q �Ka >Il ] D�nz�[� � Q =A� � Q �sp0a � DRr(�[� � Q �/p B (2)

s.t. � � a � � Q � � �ea � O � � � a � �
An entrepreneur

�
investsin aproject,earnsanetreturn � � andlaborincome� � � �{� )`n �%N

andpaysthe borrowing cost �Y|#�[� � � � � � , while makinga consumption–savingsdecisionto
maximizehis expectedutility. Becausethenetwealthis constrainedto benon-negative,sig-
nificantprojectlossesdrivetheentrepreneurinto bankruptcy. Whenbankrupt,anentrepreneur
defaultsontheportionof thedebthecannotrepaylessaminimalconsumptionallowance��� ���
which hasto be grantedby the bank. Upon default, entrepreneurstartsthe next periodasa
householdwith noassetsandno liabilities. Thereturnsonproject � � aredrawn independently
acrosstime andindividualsandfollow a trinomial distribution with mean� andvariance}{~l .
Thelowestof thereturnsis sufficiently negativeto bringentrepreneurinto bankruptcy. For an
entrepreneur:

D�nz�S� � =�� � �z�tU?WYX& Z \ � Z ] : " no�S)`n(=�� � �Kavbwd � �I� � �xd � �4�y�g� DRLF�S� � Q �Ka
� Dhjk�[� � Q �Ka >Il ] D�no�S� � Q =A� � Q �sp0a � DRrT�S� � Q �/p B (3)

s.t. � � ��U?WYX :Y��� ��� =A� � a � a � �ea � � � � � � � | �[� � � � � �T� � � Q B
� � �

 � �

5A prime” � ” denotesvariablevaluesin thenext period �2�F� .
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To stresstheeffectsof creditsupply, weassumethatex-ante,householdsalwayspreferto
apply for a loan. This impliesa participationconstraintfor householdsin a productive stage
of their lives: >ml�D�nz�S� E =�� �w� � �4�J�g� DhLF�[� E �Kac� Dhj(�S� E � (4)

Everyhouseholdfacesanexogenousprobabilityof retirement� . Onceretired,thehouse-
hold collectsretirementincome ��r � � N andmanagesits assetssubjectto therisk of death! . DRrk�[� �z�VU?WYX&[Z+\ � Z^] : " ru� � =�� � �Kavbed � �m� ! � Dhrk�S� � Q �sp B (5)

s.t. � � a � � Q � � �wa � O � � a ��r��
Becauseof their risk aversion,theagentssmooththeir consumptionover time. Thepres-

enceof heterogeneousrisksof unemployment,retirementanddeathaswell astheheterogene-
ity in projectreturnsleadto anon-degeneratedistributionof assetsin theeconomy. Intuitively,
the individual risksalongthesedimensionssubstitutefor theuncertaintyof incomewhich is
modeledasfixed. Without theserisks,therewould beno reasonto save otherthanto invest,
andtheassetdistributionwouldcollapsealong � ��� and � � �FE . Thiswouldnotallow for
financialintermediationdueto lackof funds(no depositors).Any equilibriumin this binomi-
al distribution is very unstablebecauseall entrepreneurscanswitch to zeroassetsfollowing
a shock. The distribution of assetsplaysa crucial role in determiningthe dynamicsof the
aggregatevariables.

2.3 Financial Sector

2.3.1 Banks

Banksmaximizetheir expectedprofits,takingtheassetdistribution in theeconomyasgiven.
Profitsequalassetreturnslessthefundingcosts,depositinsurancepaymentsandtheexpected
loanlossesandliquidationcosts.Bank’s choicevariablesareloans � , bonds� , equity > and
deposits� . Becausethebankstakethedistributionof assetsaswell asall returnsasgiven,the
choiceof loanvolumeis identicalto thechoiceof a thresholdlevel of networth � E . Formally,
theproblemcanbestatedas:

U?WYX� \ ��\ �u\ n � | � a � �'� � � O � � � �%> � !g� � >���� � � � �wa ) & �%� � (6)

subjectto

� a � � � a > �
� (7)> � � � (8)� a > � � (9)
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where � is thetotal amountof loanablefundsthatareexogenousfrom thepoint of view of
thebank6, ! is aper-unit depositinsurancecostparameter, � is anexpectedshareof loanlosses
and ) & is aliquidationcostparameter. Equation(7) is theusualbalancesheetconstraint,(8) is a
simplifiedversionof a regulatoryrequirementon capitaladequacy and(9) is anon-negativity
constrainton bond holdings. The profit function (6) is non-lineardue to the inclusion of
depositinsurancecostswhich areanincreasingfunctionof thedeposit/equityratio. Because
profits increasein loansfor any givenassetdistribution, oneandonly oneof theconstraints
(8) and(9) will bind at any time7. Thesolutionof theprofit maximizationis describedin the
appendix.

2.3.2 Mutual fund company

The mutual fund company actsasa sole intermediaryfor savings betweenthe households
andthebank’s liabilities8. It aggregatesthesavingsanddecideson a portfolio split between
bankdepositsandbankequity. Themutualfundmaximizesarisk-adjustedreturnonportfolio
( ��� $ l � ) by choosinganoptimaldeposit/equityinvestmentratio, takingtheaggregateamountof
deposits(M) asgiven.Formally:

U?WYX��  � � $ l � � �¡{¢ } ~£R¤ r2¥
where��� $ l � � � � n¦ a � O � �¦ � �3§ l�� � a � ���¨§ l � � O , § le©ª>¬« � is aweightontherisky (equity)
investment,¢ is a risk-aversionparameterand }{~­ is a varianceof ® . Becausebankdeposits
carryno risk ( } ~� �¯� ), themutualfund maximizes:

U�W�X�   § l°� � a � �I�6§ l � � O � �¡ ¢ § ~l } ~n
which yields the optimal shareof equity § El � l/± . l'²³ *f´µ . This in turn definesthe demandfor
equity(andimplicitly for deposits):

>� � � � � � O¢ } ~n (10)

6The total amountof assetsflowing throughthe financial sectoris determinedby households’decisions.
Fraction ¶ of thetotal ”financial” assets(theself-financedpartof entrepreneur’sprojectdoesnot enterfinancial
sector)hasto equaltotalbankliabilities andthereforealsobank’sassets(seeequation14).

7Thechancesthatbothof thembind at thesametimecanbedismissedasarbitrarily low.
8Theassumptionof a singleintermediarydecidingon a portfolio split in thesamemannerfor all households

is not necessarilyinnocuous.As theAppendixB shows,aslong asthehouseholdshave thesamelabor income,
theiroptimalsplitting rulebetweenequityanddepositsis constantandidenticalfor all householdsdueto CRRA
preferences.With labor incomevarying betweenworkersand unemployed/retired,the optimal splitting rule·P¸f¹ change.In futurework, we thereforemayconsidermodelingof adistinctmutualfund for thenon-working
populationsoasto maintainthecurrentstructureof themodel.
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2.4 Central bank

Thecentralbankdeterminesthebondinterestrate � � at which it inelasticallysupplies(gov-
ernment)bonds. In addition, centralbank determinesthe capital assetratio parameter� .
Therefore� and � � aretheonly monetarypolicy instrumentsit hasat hand.In thesimulation
section4 we show how differentpathsof monetarypolicy variablesinfluencethe behavior
of thedifferenttypesof households,banksandmutualfund companies,andultimatelywhat
effect they haveon thewelfare.

2.5 Market clearing

On thefinancialside,marketsfor loans,bonds,equityanddepositsmustclear. Bondmarket
clearsautomaticallybecauseof aninelasticsupplyof bonds9. Theremainingmarket clearing
conditionsare: ��º � � � � »� Z[¼ �(½ � � � �I�;§ r � (11)

>¾º � > � � »� Z ¼ � ½ � � § r (12)

� � »� Z[¿ � ½ � 
��3�-� � � (13)

� � »� Z+¼ �(½ � � � � a > � � a � � »� Z ¿ �(½ � 
��3��� � � (14)

Moreover, expectedlossesof thebankmustin equilibriumequaltherealizedloanlosses:

�w� »� Z+¿ � ½ U�W�XKÀ�� =�� �oaÂÁÃ�0Ä � � � 
��3��� � � �J
 � � � �ea � � �/Å(a ��� ���RÆ
where Á aretheauditingcosts.Themarket clearingequations(11) – (14) connectthehomo-
geneousandheterogenouspartsof the model. Thesumof individual demandsfor deposits,
equityandloanson theright-handsidesmustequalthesupplylevelsdecidedonanaggregate
level.

Equity market clearingimplicitly definesreturnon equity � n asa function of all other
returns.In thecaseof an

�ÈÇhÉ%Ê � � 7Y� solution,equations(21)and(10) imply:ËÌKÍ`Î niÏ Î �TÐÈÑ Ï Ä ËÒ Ì � Î � Ï Î � Ï Í ËkÓ�Ô & Ð'Õ � ÓyË Å Í`Î n�Ï Î �TÐ ~ Ó×Ö�Ø0Ù ~n Í`Î n�Ï Î �TÐ Ï Ø ~ ÙÃÚn_ÛyÜ (15)

In thecaseof a ��7�� Ç�Ê � solution,equations(24)and(10) imply:Ý�Þhß�à¾Ý�ÞRá Ä^â Ý�ã � Ý�ä9à�å �g�¨æèç'éSêë�F� Å àCÝ�Þ Ä Ý�ã�á � â Ý�ãTåèÝ�äPà�å �g�ìæèç'é[êë�F��é2� â�í î áÞ Åà Ä Ý ã áxåèÝ ä à�å �g�¨æ ç é[êÃ�i�Aé2� âfíYî áÞ Ý ã �¨ï í á î�ðÞ Åzñiò (16)

9Onecanthink of banksdepositingtheir non-loanableinvestmentsat the centralbankwhich alsosetsthe
depositratein this model.
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To illustratethefunctioningof theequitymarket, it is usefulto undergo a following thought
experiment.Consideracaseof anincreasein thelendinginterestrate � � , possiblybecauseof
anincreasein thedemandfor loans.As longastheratioof expectedlossesasaproportionof
loans � riseslessthan � � , bank’s profit margin on eachnew loangoesup, which promptsthe
bankto lendmore.To doso,bankhasto raisemoreequity(it startswith noexcess:> �
� � ),
which is why the equity supply equation(21) is increasingin the loan profit margin. The
demandfor equity(10) is unaffectedby thereturnon loans,andsoto raisemoreof equity, � n
hasto increase.Notethatbecausethedepositrateis exogenousandbankcannot choosethe
sizeof it’ sbalancesheet� , � n playsanimportantrolein bank’sliability management:its rise
will leadto an increasein the total amountof equity raisedandto a more-than-proportional
increasein the >¬« � ratio for any sizeof thebalancesheet� 10.

It follows that whenbankincreasesthe shareof loansin its portfolio, it hasto fund the
higherequityholdingsat anever-increasingprice. Eventually, theoriginal profit margin dis-
appearsandanew optimalloanlevel is achieved.Two casescanoccur: if thetotal amountof
new loansis lessthanthenew balancesheetlevel, loanmarketclearingconditionsaresatisfied
andconstitutean equilibriumcandidate.However, if the total amountof new loansexceeds
thenew balancesheetvolume � (whatwe definedearlierasa corner solution), loanmarket
doesnot clearandthebanksrationsomeof theeligible loanapplicants.Becausethereis no
asymmetricinformationproblemin this model (henceno adverseselection),an increasein
the price of loansdoesnot affect its quality anda higher @ �

is neededto clearthe market.
Thereforewe have a choiceof focusingon market-clearingequilibria which rule out corner
solutionsandequity ”hoarding”, or allowing credit rationingwhenmultiple equilibria may
ariseandexcessequity is keptasa backupin casethe total amountof loanablefunds � in-
creases.For simplicity, we only focuson the market-clearingequilibria, andequation(16)
becomesirrelevant. Oneof the implicationsis thatwe will never observe bankshold excess
equity in equilibrium. Therefore,regulatorychangesin capital adequacy ratio 5 will have
directeffecton theloanvolume.

Themarketclearingcondition(15)definesareturnonequityasfunctionof all otherreturns
and someparameters:� n = � n �S� � =�� � =�}{~n = ¢ = �(� . The above cubic equationscan be solved
analyticallybut doesnotdeterminethe @ n uniquely. Dependingon theparametervalues,one
or two outof threerootsmaybecomplex numberswhichwedisregard.

Wenow havearecursivesystem.Conditionalon � , equation(21)determinestheoptimal
level of equity > , equation(23) determinesthe optimal level of deposits� , equation(14)
determinesthe optimal level of bonds � andequation(22) determinesthe optimal level of
loans � . We thereforehave :�� n =A� � =�>ì=��ó=��m=��?B asa function of :�� � = � B andexogenous
variables.

10This follows from thefactthat Þã ñ ôxõö/÷ ô õ and øÃù increasesin ú Þ .
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2.6 Equilibrium

A recursive equilibrium in this model economy is a set of decision rules:-û �$'& �S�×=�ü�=A� � =�û O¦ �Èü � =�û �¦ �#ü � =�û � ½� �Èü � =�û l/ý� �Èü � B where 7 ��8þ:Y>?=�<;= " =�@CB , governmentpolicies: � �#ü � =A� � �#ü � B , prices :�� O �Èü � =A��� $ l � �Èü � =A� � �Èü � B , aggregate assetlevels :Y�I=A�ó=���=�>¨B , and a
function ÿì��� � suchthat,for all aggregatestatesü :

1. decisionrules û �$'& �S�×=�ü =�� � solve eachhousehold’s optimisationproblemwith theasso-
ciatedvaluefunctions D $È& �S�×=�ü�=A� � .

2. decisionrules û O¦ �Èü � and û �¦ �Èü � solve themutualfund’soptimisationproblem.

3. decisionrules û � ½� �Èü � and û l ý� �Èü � solve thebank’soptimisationproblem.

4. loan,equityanddepositmarketsclear:

�4�Èü � � �
l \ � ¿ � ½ � 
�� ��� �����T�S�×=�ü�=A� � (17)

>��Èü � � � � � � O� } ~n �
l \ � ¼ � ½ �����z�[�×=�ü�=A� � (18)

�×�Èü � � �Ã�I� � � � � O� } ~n � � l \ � ¼ � ½ �����z�S�×=�ü =�� � (19)

5. thedistributionof householdsis thefixedpointof thelaw of motion ÿ :� Q � �
	 =�@ 	�� � ÿ¨� �
	 =�@ 	�� �Èü Q =��(=�ü �
� � ¦
� \ r ��� � ¦ \ r \ $'& � � ]����������� � \ �s\ l����o�#ü Q�� ü � ��� �!�ë� Q �Ã� Q �

3 Parametrization

To simulatetheeconomyandobtainnumericalresults,weparametrizethemodelto theCana-
dianeconomyin theyearsof 1988to 1992,in accordancewith theavailabledataon project
returndistributions. Indeed,thesearethe only yearsfor which StatisticsCanadapublished
suchdata.

First we calibratethehouseholdsector. Severalparametersaresetin accordancewith the
literature: 5Â� ¡ �#" , b � � �%$'& and } � � �%&)( . In accordancewith the modelsthat include
explicit leisurespecification,)`n � )ML � )Mj �V� �#"'" while )Mr =1, asa resultof which thelabor
inputof entrepreneursandworkers,andthesearcheffort of unemployedaresetto 0.45.Wages
areexogenousandwhile they completelycharacterizethelabor incomeof entrepreneursand
workers,theincomesof unemployedandretiredaredeterminedby theratioof unemployment
insurancebenefitsto wages� �¯� � ¡ $ ¡ $ 11.

11This measureis basedon thereplacementrateof HornsteinandYuan(1999).
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Theprobabilityof unemploymentis setequalto theaverageCanadianunemploymentrate
for theconsideredperiod: � � � � � $ ¡+* . Theprobabilityof retirement� andthemortality rate! aresetat 0.05and0.1,sothatthenumberof expectedperiodswhile worker andretireeare
20 and10, respectively. Longerexpectedlifetime horizonallows us to utilize the effect of
savingsover time morefully thanin theusual2-periodmodels(e.g. Williamson(1987)and
Bernanke andGertler(1989).

Now we turn to thefinancialside. All ratesaremodeledandthereforecalibratedin real
terms.Following thecalibrationin YuanandZimmermann(1999),wesettherealbondrate � �
at1%,suchthatthedepositrate � O is about0.9%,whichcorrespondsto anaverageof savings
ratesandguaranteedinvestmentcertificaterates. The parameter� of the capitaladequacy
constraintis taken to representthe tier-1 capitalrequirementsimposedby the BasleAccord
(1988)andsetto � �
� � �', . Thedepositinsuranceparameter! is calibratedusingthepremium
ratesof the CanadianDeposit InsuranceCorporationfor banksin 2000/2001(0.0417%of
insureddeposits).This per-unit ratecorrespondsto ! � � � ������� * � ( for anaverageD/E ratio
of 10. The loanadministrationcost ) & is assumedto equal0. Theaccountflat fee - is setat
0.0003by trial anderrorin orderto getthebanksto breakeven.Theparametersof theequity
market thatneedto becalibratedare ¢ and } ~n . Thevarianceof returnsonequityof thebanks
is calculatedfrom the TSE monthly serieson financial enterprises’returnson equity from
September1978until December2000,which aredeflatedby theCPI.Therefore,}{~n � � � ¡.* .
The risk-aversionparameterof themutualfunds’ objective function ¢ is calibratedfrom the
marketclearingcondition(15)usingtheobservedaveragerealdeposit,lendingandROErates.
This implies ¢ � � & .

The distribution of returnsfollows a two-stateMarkov processcalibratedsuchthat the
high stateoccurs75%of thetime. Specifically, a high statehasa 75%chanceof reoccuring
thenext period,while a low statecanrepeatitself with a 25%chance.

Thedistributionsof projectreturnsin bothstatearecalibratedfrom firms’ returnonequity
data. StatisticsCanada(1994) reportsthe distribution of returnon equity by non-financial
enterprisesfrom thefourth quarterof 1988until the fourth quarterof 1992. Averagereturns
in eachquarterarereportedfor the top, middleandbottomtertile. Assumingtheunderlying
distribution is normal,we find thereturnsandassociatedprobabilitiesfor trinomial distribu-
tions suchthat a) averagereturnsarereplicated,b) we have have two extremereturns,one
implying bankruptcy. We computetwo suchdistributions,onefor the high aggregatestate,
correspondingto theaverageof the75%bestquartersin thesample,andtheotherfor thelow
state.Thereturnsandtheassociateddistributionsarethefollowing:

High: � � " �)/ "q� ¡ / & �)/� ��( �0/ $ , � * ,)/ � � ,ë�0/ � Low: � � " �)/ ¡ �#"'( / & �)/� �#(+$ / $)(0� *2¡ / � ��(1$ / �
Theratio of investmentto networth � 
��H�-� is calibratedto equaltheaveragedebt-equity

ratio during thereferenceperiod,andso 
J� ¡ � ¡ . With a minimum returnon investmentof
-50%,wehaveoccasionalbankruptcies.TheauditingcostsÁ areassumedto equal0.03.
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4 Capital requirements, bank lending and monetary policy

In this section,we analyzea particulareventhistory: oneHigh aggregateshockfollowedby
five Low andthenby five High ones. Thus, the modeleconomywandersthrougha whole
cycle,bottomingout in themiddle. Notethatthis a particularhistoryof shocksamongmany
others,andthat this history is not anticipated.In Figure1, we show thebehavior of various
indicatorsin a benchmarkeconomy, that is with no policy interventionfrom thecentralbank
on bondratesor capitalrequirements.

First,we look at thetwo instrumentvariablesof thebanks.Whenaninitial badshockhits
theeconomy, the lendingratejumpsup, essentiallyto cover higherexpectedloan losses.As
morebadnews accumulate,thelendingratedecreasesas � E reactsandthehouseholdsadapt
theirassetlevels. Indeed,banksrationmoreandmoreasbadshocksaccumulate,but revert to
“normal” behavior assoonasgoodnews comein. Frompeakto trough,theamountof loans
decreasesby 3.0%, and3.6% of all entrepreneursaredriven out. The consequenceis that
thesizeof anaverageloan increasesby 0.6%,correspondingto theempiricallydocumented
phenomenonthatsmallbusinessesarehurtmorewhencreditconditionsworsen.

Do wehaveevidenceof acreditcrunchin thisbenchmarkeconomy?Despitethefactthat
bankscanincreasetheloanrateto compensatefor higherrates,they haveto decreasethetotal
loanmass.Thereasonis thefollowing. Facingincreasedrisk, someentrepreneursareforced
to becomeworkers,asthebankruptcy rateis higher. With moreagentsthatsave, thevolume
of assetsin mutualfundsincreases.However, a smallershareof mutualfunds’ investments
arechanneledto bankequitybecauseof its higherrisk. Thebanksarethensqueezedby the
capitalrequirementandhave to rationcreditandinvestmoreinto “unproductive” government
bonds.Withoutthecapitalrequirement,bankscouldgivemoreloans,in principle,by charging
evenhigherloanrates,andentrepreneurswouldstill bereadyto paytheserates.Althoughall
agentsbehave optimally, we have a situationthatcanbedescribedasa credit crunch,where
marginal returnandmarginal costsof loansarenotequal.

Capitalrequirementsimply thatchangesin thecompostitionof banks’liabilities affect the
amountof credit in theeconomy. An adverseproductivity shockincreasesthenumberof de-
positorsandlowersthe numberof borrowers. Yet risk aversedepositorsshy away from the
highly risky bankequity which leadsto a further credit decline(dueto the capital require-
ments).However, themovementsdescribedabovearerelatively small.

4.1 Countercyclical monetary policy

Thefollowing experimentswill helpusunderstandwhataretheconsequencesof variouspol-
icy actions. The first policy experiment,describedin Figure 2, involves a 25 basispoint
reductionof the bondrate in the worst aggregatestate(currentshockLow, long history of
Low shocks).12 Thus,thecentralbankreactsonly aftera prolongeddeclinein theeconomy.
Notethatthedecisionsof thebanksarechangedonly in thisspecificstate:�FE andthelending

12Notethatall experimentsaredesignedsuchthattheaverageÝ32 or ·54 stayat thesamelevel.
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rateareunaffectedwhenthecentralbankdoesnot move, but whenit doesbanksreducethe
lendingrateby thesamemargin and,moreimportantly, significantlyrelax their loan thresh-
old. Thusthesituationfor entrepreneursshouldimprovenoticeably:easieraccessto creditat
betterconditions.Loan activity is negatively affected,however, andequity is reducedcom-
paredto thebenchmark.This is becauseworkersdecideto saveslightly less(interestratesare
lower)andputasmallerproportioninto equity(risk is higher).Notethathouseholddecisions
areaffectedeven whenthe centralbankhasleft the bondrateuntouched,in anticipationof
possiblechanges.Ultimately, the samenumberof entrepreneursgetsloansandthe average
loanis now smaller.

A one-timedrop in theinterestrateis thereforedoesnot appearto beaneffective policy.
Whatnow if theinterestrateis graduallyreducedby 5 pointsaftereachbadshock,andgoes
back to normal whenever a good shockcomesby? This policy takes better into account
the anticipationsthe householdsformulate. On Figure3, we seethat the outcomeis quite
different.Banksbecomemuchmoregenerousto entrepreneursin badtimes,bothin termsof
lower lendingratesin badtimes(but higherin goodones)andquitesignificantlyin termsof� E . In all states,therearemoreentrepreneurs,loans,depositsandequity. While theaverage
loan is larger in normaltimescomparedto the benchmark,it is smallerin almostany other.
This meansthat assetaccumulationhasincreasedfor households:entrepreneurshipis more
interestingasmonetarypolicy counterbalancestheincreasedrisk in badtimes. Indeed,while
firms facelower averagereturnsandhigherbankruptcy rates,monetarypolicy forcesbanks
to offer betterconditions.This hasanimpacton assetaccumulationevenin goodtimes. We
concludethatanactivecountercyclical monetarypolicy canhaveasignificantpositiveimpact.
Note,however, thatit canremovethecyclical natureof loans.

4.2 Procyclical monetary policy

If somepolicy of interestratereductionmayhave negativeconsequences,onemaynaturally
ask whetheran interestrate increasecan do somegood. Indeed,higher bond ratesmean
higherreturnsonsavings,andpotentiallymoreequityto satisfytheloanneedsin thepresence
of capitalrequirements.

In Figure 4, we find that the model economydoesnot behave in a symmetricway, as
comparedto Figure 2. While the lending rate increasesas expected, �FE staysessentially
put ratherthenshootup. Consequently, loan activity doesnot changemuchashouseholds
barelychangetheirdecisonscomparedto thebenchmark.Thesumof all tiny changesresults,
however, in anoticeablydecreasein theaverageloansize,but notasstrongasin theopposite
policy.

ComparingFigures3 and5, it appearsthatthesamekind of asymmetryexistsfor agradual
policy. A gradualincreaseof the bondratehasa negative, but muchsmallerimpacton the
variousassets.

An explanationof this asymmetryis as follows. Procyclical monetarypolicy inducesa
drop in � E , leadingto an increasein the loan volumeasmoresmalleragentscanbecome
entrepreneurs.Moreover, a lower �FE inducesworkersto save more(consumptiondrops)at
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any givendepositratebecausethe entrepreneurshipis morelikely to be attained(this move
is slightly offset by the distributional movementsas thereare fewer workersandmore en-
trepreneurs).Becauseof suchboomin banks’liabilities, assetsidesof banks’balancesheets
expandwhich reinforcestheinitial loanvolumeincrese.

On theotherhand,a countercyclical monetarypolicy inducesa small rise in � E . This is
a strongdisincentive for saving for workerswho want to becomeentrepreneurs,andleadsto
a drop in thevolumeof depositsandequity. Suchdrop is partly offsetby an increaseof the
poolof depositorsandarisein thedepositinterestrate.Theseoffsettingmovesarebehindthe
relatively smallchangesin thevolumeandthecompositionof banks’balancesheets.

Banks’decisionto change�FE in anasymmetricway is justa reflectionof theequilibrium
natureof theproblem.With procyclical monetarypolicy, banks’desireto givemoreloansre-
quiresarisein theirequityfunding(capitalrequirementsbind). Yetequityis morerisky in bad
statesandhouseholdschanneltheir savings away from equity andinto deposits.Therefore,
in orderto expandtheir loans,banksmustmake thevision of entrepreneurship(a motivation
for saving) highly desirableto getsufficient equity - hencea sharpdrop in �FE . On thecon-
trary, a countercyclical monetarypolicy motivatesa loanvolumedropwhich is achievedby
anincreasein � E . Suchincreasecanbesmallbecausefor any amountof savings,risk-averse
householdspreferdepositsin badtimesanyway.

The heterogenousagentsetupof this modelhighlightsthe effectsof the changesin dis-
tribution of assetsandbankfinancingon loanactivity. In particular, it shows theasymmetric
propagationof themonetarypolicy.

4.3 Countercyclical capital requirements

The interestrateis oneof two instrumentsthecentralbankcanuse. The otheris to modify
thecapitalrequirements,which in thebenchmarkeconomyaresetat a 8% equity/loanratio,
as in the BasleAccord. As it appearscapital requirementshave an impact on the model
economy, onemaywant to establishwhetherit canbeusedfor cyclical purposesaswell. In
thefirst experiment,Figure6, theequity/loanratio is allowedto bereducedto 7%in theworst
aggregatestateonly. While the bankscannow offer moregenerousconditions,in this state
only, householdsobserve higher bank risk andshift from equity to depositssufficiently to
counterbalanceanddecreasetheloanmass.As for abondratereduction,theaverageloansize
decreasesasthenumberof entrepreursbarelychangescomparedto thebenchmarkeconomy.

Thenext experimentinvolvesagradualdeclineof thecapitalrequirementsduringthebad
shocks,Figure7. Onewould expectthat the regulatorallowing thebanksto take morerisks
during a downturn may generatemore loans. To the contrary, equity declineseven more,
resultingin a smallerloanmass.Interestingly, loansarelower evenwhentheregulatordoes
not interveneandhasin factslightly morestringentcapitalrequirementsto maintainthesame
averageasin thebenchmark.Thereasonsarethesameaspreviously: households,throughthe
mutualfund,shyaway from bankswhenthey takeon morerisk.
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4.4 Procyclical capital requirements

If countercyclical capital requirementshave adverseeffects,maybeprocyclical oneshave a
positive impact on lending ability. Figure 8 looks at the punctualpolicy, Figure 9 at the
gradualone. Both policieshave positive effects,locally andsmall for thefirst one,globally
andmassively for thesecondone.Thusit appearsthattighteningcapitalrequirementsis good
for loanactivity becauseit improvesthefinancingof thebanks.In thiscasetheargumentsare
symmetricto thecountercyclical policies.

Note that we have no informationalproblemin the modeleconomythat would actually
requiretheimpositionof capitalrequirements.Onecaneasilyimaginethatif themodelwould
includethis it wouldonly reinforcetheresult: thepresenceof moreentrepreneurialrisk leads
to ahigherimpactof asymmetricinformationandrisk, thusfurtheringtheneedfor regulation.

4.5 Credit crunch? What exactly happens in the model?

A negative aggregateshocklowersthe expectedproject returnsand increasestheir volatili-
ty. This affectsthe loan volumeandthe lendingratein four ways. First, both theseeffects
decreasetheexpectedvalueof risk-averseentrepreneurs( >ml�D�n ) while thevaluefunctionsof
non-entrepreneurialhouseholdsdonotchange.13 Thereforetheincentiveto accumulateassets
in orderto be eligible for a loan declines.This lowersthe demandfor credit becausefewer
agentssave enoughto passthe � E cutoff. Second, therisk-neutralbanksonly careaboutthe
expectedreturnof projects.Therelative netpayoff of bondsversusloansrisesandinducesa
substitutionfrom loansto bonds.Theloansupplydropsandthe lendingrate � � increasesto
compensatefor higherloanlosses.This is thecreditsupplyeffect (i.e. the”crunch”). Third,
an increasein � � further discouragesloan applicantsbecausetheir net returnon investment
declines,andtheequilibriumcredit level dropsfurther. Thereforethepost-shockequilibrium
exhibits a higherlendingrateanda lower level of loanswhich furtherpropagatestheshock.
Notethatthedeclinein themarket-clearingvolumeof creditis partlydemand-driven,andcan
not beonly attributedto thethecreditcrunchbehavior of thebanks.Fourth, themutualfund
perceivesmorerisk in thebankwhenentrepreneurialrisk increases.It thenshifts,on behalf
of households,from equity to insureddeposits,thusmakingit harderfor banksto meetthe
capitalrequirements.

4.6 Does the equity market worsen or soften the credit decline?

Theexistenceof equitymarketcaneitheramplify or reducetheimpactof anegativeshockon
avolumeof credit.Only thesecondandfourthof theabovementionedfour effectsis directly
affectedby theexistenceof anequitymarket. Theequilibriumcondition(15)showsthatonly
changesin � � and � affect credit behavior throughthe equity channel,andthey do so in an
offsettingmanner. An increasein � (higherloanlosses)increasesthereturnonequity � n , while

13Thereis only a secondordereffect comingfrom expectationsto beanentrepeneurin thefuture.
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anincreasein � � lowersit. Wethereforedistinguishtwocases.(A) If � � � � � � �ea ) & � �A� G � ,
thenarisein � n increasesthecostof fundsto thebankwhichsqueezestheprofitmargin further
andleadsto anadditionalsubstitutionfrom loansto bonds( � drops)aswell asanincreasein� � . At thesametime � £R¤ r2¥ increases,makingborrowing relatively lessattractive (demand
for creditdrops).In this case,thepresenceof theequitymarket worsensthecreditdecline:a
higher � n is only compatiblewith a lower amountof equity > on themarket14, which in turn
requiresanadditionaldropin loansdueto abindingcapitaladequacy constraint(seeequation
(22)). Case(B) when �K�S� � � � �ga ) & �°���w�H� hastheoppositeimplication– it softenstheeffects
of financialaccelerator.

According to the simulations(comparingpeakandtroughstates),���S� � � � �	a ) & �%������ � ����� ¡ andwecanconcludethatthepresenceof theequitymarket softensthecreditcrunch.

5 Conclusion

We useda complex model to study the interactionof householdsaving decisions,project
returns,BasleAccord type bankingregulation and credit activity. We find that the Basle
Accordhasanoticeableimpactonloanswhenprojectreturnsdeclinethroughthecycle. Active
monetarypolicy throughinterestratereductionsin badtime is ableto put loan activity at a
higherlevel, but without removing its cyclical nature.

A relaxationof theBasleAccordcapitalrequirementsin badtimesobtainsnegativeresults,
ashouseholdsshyawayfromtheequitybanksneedto makeloans.As in modelswith informa-
tionalproblems,of which therearenonehere,a tighteningis in order. Thiscallsthereforefor
regulatoritypolicy to beactive throughthecycle, insteadof the immuablepoliciescurrently
in place.

Ourresultsalsoemphasizedthatit is importantto takeinto accountthefinancingof banks.
Givencapitalrequirement,banksarelimited in their lendingby thebankequityhouseholdsare
willing to hold. As thisdecisionis influenceby interestrates,thisgivesriseto anotherchannel
of monetarypolicy. This channelhasalsobeenidentifiedby ChamiandCosimano(2001)
andvanderHeuvel (2001). Unlike thesepapers,we do not requireasymmetricinformation,
market power in thebankingindustryor increasingmarginal costof financing.

A Appendix: Solving the banks’ problem

Dueto theinequalityconstraints,wehaveto useaKuhn-Tuckerapproachandbecarefulabout
thecornersolutions.TheLagrangeanfor this problemis:6 � � | � a � � � � � l � � � � > � ! � � >���� � � � �wa ) & �%� �

a ¢ , �#� a > � � � � ��a ¢ ~ �#>C«�� �v�k�Ka ¢ Ñ �#� a > � � �
14This is becausehouseholdsarerisk aversewhile banksarerisk neutral.
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Thenthefirst orderconditionsare:

� | � ¢ , � ¢ ~ >¬«�� ~ � ¢ Ñ �v� � �wa ) & � � �� � � ¢ , � �
� � O � !q� � �H��� � � >×� � a ¢ , a ¢ Ñ � �

� � � a ! � � � >×���87 , a ¢ , a ¢ ~ «�� a ¢ Ñ � �
As notedabove, thereare two possibilities: eitherconstraint(8) or constraint(9) bind. In
termsof theLagrangeanwe thereforeneedto considertwo cases.Theonewhere ¢ ~ �¯� and¢ Ñ �V� (i.e. (8) bindswhile (9) doesnot) will bereferredto asan”interior solution” because
not all loanablefundsareinvestedinto loans. The oppositecasewhere ¢ Ñ � � and ¢ ~ �þ�
will bereferredto asa ”cornersolution”. For simplicity, in whatfollowsweassume� � � .

Interior solution
This is the casewhenbankholds just enoughequity to satisfy the capitaladequacy re-

quirement( >¬« � ��� andtherefore� a > � � ). The above first orderconditionscanbe
combinedinto:

� O � �Y� � ¡ ! � > (20)� > � �ea Ä �! �S� � � � O �k� �� ! �S� | � � O � � �ea ) & �°� Å�9´ (21)

� � �� > (22)� � � � > (23)

where(21) is an equity (or implicitly deposit)supply equation. Conditionalon particular
valuesof M andall levels of prices,equations(20) to (23) form a recursive systemwhich
uniquelydeterminesall quantities.

Corner solution
In a cornersolution, bankholdsmore equity than requiredby the capital adequacy re-

quirement( � a > � � andtherefore>¬«�� �ª� ). Now, � � � � O 15, andtheabove first order
conditionscanbecombinedinto:

� > � �ea Ä � � � � | a � �ea ) & �°�! Å�9´ (24)� � � (25)� � � � > (26)� | � � � � � �ea ) & �°� � � � � � O (27)

where(24)is againanequitysupplyequation.Notethatnow loansandequitysupplydecisions
aredisconnected.Equation(27)showsawedgebetweenthebondanddepositrates.Thebond

15A lowerdemandfor bank’sfinancingby deposits(relative to equity)depressestheir price.
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”premium” on the right handsideequalsthe profit differentialbetweennet returnson loans
andbondsthatwouldequalzeroin aninterior solution.

B Appendix: On the assumption of a single mutual fund

It mayseemproblematicto assumethata representativemutualfundallocatestheportfolio in
anidenticalmannerfor all households.Hereweshow thataslongasthelaborincomeremains
thesameacrossall depositors,theoptimalsplitting rulesderivedfrom their preferenceswill
beidenticalacrossall of thehouseholds.

To prove this point, we usea simplified versionof the problem. HouseholdsmaximizeU?WYX�: &<;>= Z \ � Z+\ � 7 , \ O ;?= Z \ � ;>= Z>@BA 	 ÄDCFE� � 	 b � " �S� � \ � � Å s.t. � � \ � aHG � \ � a Ê � \ � � � � \ � a � � , where
" �S� � \ � �?�� |JI��� & 9LK I;?= Z � 9LKNM .�,,/.21 , � � \ � 7 , �OG � \ � � �9a � O���za Ê � \ � � � a � ��f� and

Ê � \ � = G � \ � denoteindividual equity and
depositholdings,respectively. TheEulerequationsfor this problemare:

�QP� \ � �¯b A�R Ä �3P� 7 , \ � � �oa � O� 7 , � Å � b Ä ASR � �ea � O� 7 , � A�R d �QP� 7 , \ � p Å�QP� \ � �¯b A�R Ä��3P � 7 , \ � � �oa � �� 7 , � Å � b Ä ASR � �ea � �� 7 , � A�R d �QP� 7 , \ � p0a �f70T d � �ea � �� 7 , � =��3P � 7 , \ � p Å
where U � � �[} a 5 � �9� } ��� . Solvingwith a methodof undeterminedcoefficients,we make
aneducatedguessthat

Ê � \ � � � � � � \ � and G � \ � � � O � � \ � andrewrite theEulerequationsas:

Ä � �I� � � \ � � � O \ � � � � \ � a � � Å P � b � �oa � O � A�R Ä � �m� � � \ � � � O \ � � � � 7 , \ � a � � Å PÄ � �I� � � \ � � � O \ � � � � \ � a � � Å P � b ASR Ä � �wa � �� 7 , � ,WV P d � �I� � � \ � � � O \ � � � � 7 , \ � a � � p Å P
Theabovetwo equationsgivedeterminethesharesof equity � � \ � anddeposits� O \ � in � � 7 , \ �asfunctionsof individualaswell asaggregatevariables.Theimportantpoint for ourargument

is thatif all agentshavethesamelaborincome� � � �YX �
, thenwecanharmlesslyassumethat� �¯� andthesetwo equationscollapseinto:

� � b � �oa � O � A�R Ä d � O � �oa � O �Ka � � � �ea � �� 7 , �sp Å P (28)

� � b A�R Ä[� �ea � � � ,WV P d � O � �oa � O �Ka � � � �ea � �� 7 , �sp Å P (29)

Note that in equations(28) and(29), � � and � O are
�ÈÇ G Ê�Z�Ê Ç G Ê ÇgÉ of any individual variables.

They areonly functionsof theratesof returnandtheparametersof theutility function. This
way we have shown thataslong astheagentshave anidenticallabor income(andaslong as
theirdepositandequitydemandsarelinearin theirassetholdingswhichcanbeprovedfor the
caseof � �¯� ), theportfolio-splittingdecisionscanbeassumedto bemadeby asingleMutual
fund.

Becausein this model we work with two types of depositors (workers and re-
tirees/unemployed),theassumptionof anidenticallaborincomeis only justified N �#É\[Ã�ÈÇ

these
two groups.In thefutureresearch,we shouldthereforemodelthenumberof distinctmutual
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fundsequalto 2. Theoptimality conditionswill thenpresentadditionalidentificationrestric-
tionson theparametervaluesof Mutual fund’s risk-aversionparameter¢ . We ignorethis in
thecurrentversionof thepaperdueto thecomputationaldifficulty.

C Appendix: The solution procedure

Heterogeneousagentsmodelswith aggregateshocksaredifficult to solvebecausethedistribu-
tion of agentsis not invariantandbecomesa highly dimensionalstatevariable.Thetwo main
strategiesto solve thisproblemis to eitherfind agoodway to summarizethedistributionwith
very few variables,asKrusell andSmith (1998)demonstrate,or to work with linearization,
asCooley andQuadrini(1999)do. Unfortunately, neitheris possibleheredueto somehigh-
ly non-linearphenomenathat arecrucial in our model. For example,decisionruleschange
abruptlyin thevicinity of � E . Finally, seconddegreeeffectsappearto bequiteimportant,and
they arelikely to vanishwith linearization.

Our strategy usestherealizationthataggregateshocksin a two-stateMarkov processlead
to transitionalstatessomewherebetweentwo steady-statescorrespondingto repeatedidenti-
cal shocks.We thereforechoosea sufficient numberof aggregatestatesto representa large
proportionof actualaggregatestates.

Theaggregatestatespaceis assumedtwodimensional:onedimensionis thecurrentshock,
High or Low, the other is a counterof how far from the the High steady-statethe economy
is. Specifically, this counteris incrementedby oneeachtime a Low shocksoccurredin the
previousperiod,or decreasedby oneif aHigh shockoccurred.Theminimumcountervalueis
one,themaximumis chosensuchthat this stateoccursinfrequently. We choosea maximum
of 5, implying with thetransitionprobabilitiesof theMarkov processthattheeconomywill in
any of theaggregatestates] �S& / of thetime,where

] �^� " � � ¡ � &ë��( "0��& � �%$ � ��&� &ë��( "q�%& � ��$ � �%& � � ¡ � �
We then solve this model economywith the standardtools for heterogeneousagente-

conomies,that is valuefunction iterationsfollowedby iterationson theinvariantdistribution
(definedover the aggregatestatesaswell). The equilibrium is reachedby finding the setof
lendingrates� | andloaneligibility rules � E thatbalanceall marketsandsatisfyall constraints.
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D Figures

Figure1: Benchmarkeconomyasit cyclesthroughall possibleaggregatestates
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Figure2: Benchmarkandpolicy with interestratereductionin worstcaseonly
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Figure3: Benchmarkandpolicy with gradualinterestratereductionin badreturnsituations
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Figure4: Benchmarkandpolicy with interestrateincreasein worstcaseonly
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Figure5: Benchmarkandpolicy with gradualinterestrateincreaseasaggregatestatesworsen

2 4 6 8 10
1.3
1.4
1.5
1.6
1.7

lending rate (%)

2 4 6 8 10

0.8

1

1.2

bond rate (%)

2 4 6 8 10

6.6

6.8

7

m*

2 4 6 8 10
0.62
0.64
0.66
0.68

0.7
0.72

total loans

2 4 6 8 10

0.73

0.74

0.75

0.76

total deposits

2 4 6 8 10
0.05

0.052
0.054
0.056
0.058

total equity

2 4 6 8 10
−0.5

0

0.5

 bank profits 
 (% of revenue)

2 4 6 8 10

8

9

10
equity/loans (%)

2 4 6 8 10
75

80

85
loans/assets (%)

2 4 6 8 10
0.1

0.15

0.2

0.25

 losses/loans (%)

2 4 6 8 10
7

7.5

8
entrepreneurs (%)

2 4 6 8 10
8.5

8.6

8.7

8.8

average loan

24



Figure6: Benchmarkandpolicy with relaxingof capitalrequirementsin worstcaseonly
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Figure7: Benchmarkandpolicy with gradualrelaxingof capitalrequirementsasaggregate
statesworsen
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Figure8: Benchmarkandpolicy with tighteningof capitalrequirementsin worstcaseonly
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Figure9: Benchmarkandpolicy with gradualtighteningof capitalrequirementsasaggregate
statesworsen
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