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Abstract

The paperstudiesloan actwity in a context wherebankshave to follow Basle Accord type
rulesandneedto find financingwith the householdsLoan actuity typically decreasewhen
investmentreturnsof entrepreneurdecline,andwe studywhich type of policy could revig-
oratean economyin bad shape. We find that actve monetarypolicy increasegoanseven
whenthe economyis in goodshapewhile introducingactive capitalrequiremenpolicy can
be effective aswell if it impliestighteningof regulationin badtimes.
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1 Introduction

Traditionally, the literatureon financialintermediationand credit channelsgspeciallycredit
crunchesemphasizedherelationbetweerbanksandentrepreneursequiringcredit, neglect-
ing thefundingof banks.With this paperwe wantto bemuchmoreprecisen thisrespectnd
studytheimpactof fundingon credit. Indeed regulationthathasbecomeworld wide with the
BasleAccordputslimits ontheamountof loansbankscangive, limits thataredeterminedy
thelevel of bankequity How muchequitythe bankscanissuedependsn particularon how
muchhouseholdsrewilling to buy equityin additionto deposits.

In our modeleconomy household$ave heterogenouassetholdingsbecauseahey have
differentlaborhistoriesandbecaus®nly someof themgetcreditasentrepreneur@ndamong
those,the returnon investments stochastic). Non-entrepreneunouseholdsnvestin bank
depositsandbankequity, andbanksmaximizeprofits while following regulations.A central
bankconductghemonetarypolicy andregulatesthe banks.

Thereforewhenbanksneedto reducetheirloanportfolio, thedisplacecentrepreneurbe-
comenew equityholders therebyactingas“automaticstabilizers”.However, bankstypically
cut loansasa consequencef their loan portfolio becomingtoo risky, and householdsnay
thenwantto hold lessequityin banksthatarenow morerisky. Whetherbankshave to tighten
creditalot or notnow dependwery muchon thedistribution of asset@crosshouseholdsnd
their equitydecisions.

We solve this very rich modelusingnumericalmethodsjn particularfor the transitional
dynamicsthat may leadan economyinto a creditcrunch. We thenlook which policiesmay
helptheeconomyoutof atrough.Wefind thattheendogenoudistribution of assetfiasstrong
implicationsthat shouldnot be neglectedin future research Also, monetarypolicy canhave
positive real effectsif the centralbankcancommitto actin particularways.

We find someevidencein our modelthat a credit crunchcan arisein the presenceof
capital requirements.Numericalsimulationsshaw this it is not large. It is naturalto look
whetherflexible capitalrequirementanhave a positve impact. Onewould first think that
looseninghoserequirementsn atroughwould expandtheloanmass.It appearshecontrary
is indicated astighter capitalrequirementsncreasehe demandor equity, andthusfacilitate
thefinancingof banks sufficiently to offsetthereductionof allowableloansfor givenequity.
Again, this highlightstheimportanceof householdavingsdecisions.

Bernanle andGertler(1995)highlightseveralchannelshroughwhichmonetarypolicy in-
fluencegealactvity. Two operateonlending.In thebalancesheetchannelFedpolicy affects
the financial position of borraversand hencethereability to postcollateralor self-finance.
In the banklendingchannel,Fedpolicy shifts the supplyof bankcredit, in particularloans.
They amguethe importantof the latter channelhasdeclinedwith dereyulation, asthis chan-
nelreliesonreseres.VandeHeuwel (2001)identifiesanotherchannelstemmingspecifically
from BaselAccordlikerules. The“bank capitalchannel’arisesrom maturity transformation
throughbanks:highershortterminterestratesdepresprofits, thusequityandcapitaladequa-
cy. Thismodelhasa very detailedbankingstructure put neglectsthe problemsof households
andfirms. Our modelhasa simplerbankingstructurebut emphasizeshe sourceof financ-



ing (householdsandthe demandor loans(entrepreneurd)y modelingoccupationathoice,
savingsandbankruptg.!

ChamiandCosimano(2001)identify a similar channeltherecalled“bank-balancesheet
channel”,introducingthe conceptof increasingmamginal costof externalfinancing. As Van
denHeuwel, they needmarket power in the bankingindustryto obtainthe result. Our model
hasfully competitve banks. Bolton and Freixas(2001) find that capital requirementgan
be the origin of a credit crunch. Their modelis very detailedon the lending market and
asymmetridnformation. Our model puts more emphasisn the financingsideand doesnot
requireasymmetrianformation.

The structureof this paperis asfollows: section2.2 analyzeghe heterogenoubehaior
of householdssection®2.3and2.4analyzethe (homogeneoud)nancialsectorandthe central
bank,section2.6definesandanalyzegheequilibriumandsection3 presentshecalibrationof
themodel. Sectiond4 analysedanklendingandoptimal monetarypolicy behaior following
negative shocks. Section5 concludes.Appendicegjive detailsaboutvariousaspectof the
modelandthe solutionstrateyy.

2 Modd

2.1 Overview

Therearethreetypesof agentsn theeconomy:householdshanks,anda centralbank.Given
a shortageof internalfinancing,householdshatarein a productve stageof their livesmust
applyfor externalfunds. Successfuhpplicantdboecomeentrepreneurandothersstayworkers.
Eachworkerfacesanidiosyncraticshockof becomingunemplyedwhile entrepreneurbave
risky returnson investment.All householdsn a productve stageof life (entrepreneurgem-
ployedandunemplyedworkers)facearisk of becomingoermanentlyetired,andall retirees
facearisk of dying. New householdsrrebornto replacethedeadones.

Whenthe householdsnake their consumption—sangs decision,savings areinvestedin
bank depositsand bank equity. Banks collect depositsand equity and they provide loans
to entrepreneurand purchaseisk-free governmentbondsin orderto maximizetheir profit-
s. Banksscreenoan applicationsandacceptthemaccordingto the level of households net
worth. Bankshave to purchasealepositinsuranceand are subjectto a capitaladequag re-
quirementimposedby the centralbank. The centralbankalsocontrolsthe governmentbond
rate.

We now go throughthe modelin moredetail.

1The heterogeneityf firms we obtainis thennedogenousBernanle, GertlerandGilchrist (1998)alsohave
heterogeoufirms, but they exogenouslhyfix a shareof firmsto have easyaccesdo credit.



2.2 Households

In the modeleconomythereis a continuumof measureneof householdseachmaximizing
their expectedutility by choosingan optimal consumption—sangs path. A householdcan
either be productie or retired, and the probability of a productve householdretiring 7 is
exogenous.

A productie household; is endaved with one investmentprojectof size z¢, which is
alwaysgreaterthanthe households networth mi. We assumehat the total investments a
fixed multiple of households networth: ¢ = ¢m' where¢ > 1. The projectis indivisible,
andso (¢ — 1)m! hasto be fundedby the bankin orderfor a projectto be undertaler?. If
a householdecevesa loanit becomesan entrepreneuandinvestsinto a project, receving
areturnr! drawvn from a trinomial distribution. We assumethat the distribution of returns
is suchthat householdsiways preferinvestinginto projectsandbecomingentrepreneurto
becomingworkers!. The returnsare drawvn independentlyacrosshouseholdgi.e. projects)
andtime. Thelowestof thereturnsis sufficiently negative with a positive probability to lead
to bankruptg, in which casea households guaranteed minimal amountof consumption
cmin @ndstartsnext periodwith no assets.

Whenbankrejectsa loan application,the householdentersthe work force andfacesex-
ogenougprobabilities1 — u of becomingemployedandu of becomingunemplyed. Workers
inelasticallysupplytheir laborandreceve wageincomey. Unemplo/edworkersreceve un-
employmentbenefitsdy wheref is thereplacementatio.

Labor supplyis inelasticat an individual level. At the aggreatelevel, labor supplyis
determinedy movesbetweerthe poolsof workers,entrepreneurgjnemplgyedandretirees.
Thisassumptiofincreasesherole asseiccumulatiorplaysin theeconomyWe useaggreate
laborinput dataon theaveragehoursperworkerto calibratethelabordemand.Thereforethe
labormarket clearsimplicitly atthelevel of theutility function. Becausef theinelasticlabor
supply we needto assumexogenousvagesfor the calibratedparametevalues.

After retirementthe householcearnsncomefrom its savzings andpension(which equal-
s unemplgymentbenefitpayments). Retireesfacea probability § of dying. They arethen
replacedby agentswith no asset@andarny remainingassetarelost (no bequests).

Thehouseholdsnake their consumption—sangsdecisionto maximizetheir expectedife-
time utility. Themomentaryutility functionis a CRRAtype:

(lg’ccl—a) -1

I—p

U(c)oe =

whereoc € {W, U, E, R}, | denotedeisure,c consumptiorandp is arisk-aversionparameter
As mentionedabove, thelaborsupplyis inelasticandthevaluesl,. represenmarket-clearing
valuesfor leisure.

2Onceretired,householccannot becomeproductive again.

3Thereforeat a householdevel, demandfor loansis uniquely determinecdby the networth and so by the
history of consumption—sangsdecisionsandluck.

4Actually, a participationconstrainis imposed andit wasalwayssatisfiedn our experiments.
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Let V,. denotethevaluefunctionsandm* bethe minimumnetworth eligible for external
financing.A worker with anetworthm (< m*) facesprobability (1 — ) of beingemployed,
following which he receveslaborincomey = (1 — ly)w andinterestincome R%m, con-
sumesa desiredlevel andinvestshis net worth m/® in a bank. If unemplyed, he receies
unemplymentbenefitpaymentdy = fw andmakesa similar consumption—sangsdecision.
In thenext period,dependingnthelevel of ', aworker may eitherbecomean entrepreneur
(borrawer) or remainaworker (depositor).

For anemployedworker:

Vir(m') = max{Uiy () + 81 = D)1 = w)Viw(m") +

i
cy

wVy(m®) + ExVg(m® 7)) + 7Va(m™)]} 1)

s.L.
d+mi' = (1+rYm' +y

For anunemplyedworker:

Vi (m?) = max{Uy (v, &) + B[(1 = 7)[(1 = u)Viw (m") +

ct,m

WV (m) + EuVe(m? v + 7Va(m)]} 2)

S.t.
¢ +m' = (1+rYm' + 0y

An entrepreneurinvestsin aproject,earnsanetreturnr® andlaborincomey = (1 —Iz)w
and paysthe borrowing costr!(z* — m?), while makinga consumption—sangs decisionto
maximizehis expectedutility. Becausdhe netwealthis constrainedo be non-ngative, sig-
nificantprojectlossedrive theentrepreneuinto bankrupty. Whenbankruptanentrepreneur
defaultsontheportionof thedebthecannotrepaylessa minimal consumptiorallowancec;,,;,
which hasto be grantedby the bank. Upon default, entrepreneustartsthe next periodasa
householdvith no asset@ndno liabilities. Thereturnson projectr; aredravn independently
acrosgime andindividualsandfollow a trinomial distribution with meanr andvariances?.
Thelowestof thereturnsis sufficiently negative to bring entrepreneuinto bankruptg. For an
entrepreneur:

Ve(mi,r') = g%;{UE(zE, &)+ B[(1 = 7)[(1 = w) Vi (m") +

uVy(m”) + EpVe(m®,r")] + 7Ve(m™)]} 3)

S.t.
¢ = max{cmin, m' +y+ (1 + ')z’ — rl(z® — m’) —m''}

b= qﬁmi

SA prime”'” denotesariablevaluesin thenext periodt + 1.
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To stresghe effectsof creditsupply we assumehatex-ante,householdswayspreferto
applyfor aloan. Thisimplies a participationconstraintfor householdsn a productive stage
of theirlives:

EVg(m*,r) > (1 —u)Viy(m*) + uVy(m") (4)

Every householdacesanexogenougprobability of retirementr. Onceretired,thehouse-
hold collectsretirementincomeyr = fw andmanagedt’s assetsubjectto therisk of death
J.

Va(m) = max{Ur(1,¢') + B[(1 = )Va(m")]} (5)

s.t.
¢ +m' = (1 +rHYm+ yg.

Becausef their risk aversion,the agentssmooththeir consumptiorovertime. The pres-
enceof heterogeneoussksof unemplyment,retirementanddeathaswell astheheterogene-
ity in projectreturndeadto anon-degeneratalistribution of assetsn theeconomy Intuitively,
theindividual risks alongthesedimensionssubstitutefor the uncertaintyof incomewhich is
modeledasfixed. Without theserisks, therewould be no reasorto save otherthanto invest,
andthe assetdistribution would collapsealongm = 0 andm = m*. This would not allow
for financialintermediatiorbecause®f lack of funds(no depositors) Any equilibriumin this
binomialdistribution is very unstablebecausall entrepreneursanswitchto zeroassetdol-
lowing a shock.Thedistribution of assetgplaysa crucialrole in determiningthe dynamicsof
theaggreatevariables.

The decisionto allocatesarings betweenbank equity and bank depositsis obtainedby
maximizinga risk-adjustedeturnon protfolio (r*°*):

max 7Pt —
Wy

1

EAO-IQDORT

wherer?ort = re L2 +rd(%) = w,r*+ (1 —-w,)r?, w, = E/M is aweightontherisky (equity)
investment\ is a risk-aversionparameteando?, is avarianceof X. Becauseébankdeposits
carrynorisk (0% = 0), thehouseholdnaximizes:

1
max w,r + (1 —w,)r — 5)\wa%

which yields the optimal shareof equity w; = Tf\;gd. This in turn definesthe demandfor
equity (andimplicitly for deposits):

E re — pd

= = __ 6
M Ao?, ©

For computationakeasonswe have to assumehat this shareis the samefor all house-
Iholds. This assumptioris not necessarilyinnocuous. As the Appendix B shaws, aslong
asthe householdave the samelabor income, their optimal splitting rule betweenequity
anddepositss constaniandidenticalfor all householdslueto CRRA preferencesWith la-
bor incomevarying betweenworkersandunemplged/retired the optimal splitting rule may
change.



2.3 Financial Sector
2.3.1 Banks

Banksmaximizetheir expectedprofits, taking the assedistribution in the economyasgiven.
Profitsequalasseteturnsessthefundingcosts,depositinsurancgpaymentandtheexpected
loanlossesandliquidationcosts.Bank’s choicevariablesareloansL, bondsB, equity E and
depositsD. Becausehe bankstake the distribution of assetsaaswell asall returnsasgiven,
thechoiceof loanvolumeis identicalto choiceof athresholdevel of networthm*. Formally,

the problemcanbe statedas:

e D 2
Jmax, rL+7B—r'D—r°E — 5(5) D — (1 +lc)eL 7)
subjectto
B+L = D+E=M (8)
E
D+E > L (10)

whereM is thetotal amountof loanablefundsthatare exogenoudrom the point of view of
thebank, § is aperunit depositinsurancecostparametere is anexpectedshareof loanlosses
andicis aliquidationcostparameterEquation(8) is theusualbalancesheetonstraint(9) is a
simplifiedversionof aregulatoryrequiremenbn capitaladequag and(10) is anon-neatuvity
constrainton bond holdings. The profit function (7) is non-lineardue to the inclusion of
depositinsurancecostswhich areanincreasingunction of the deposit/equityratio. Because
profitsincreasdn loansfor ary givenassetistribution, oneandonly oneof the constraints
(9) and(10) will bind atary time’.
The solutionof the profit maximizationis describedn theappendix.

2.4 Central bank

Thecentralbankin this determineshebondinterestrater® andinelasticallysupplieggovern-
ment)bondsatthisrate.In additionit determineshecapitalassetatio parametet.. Therefore
a andr® arethe only monetarypolicy instrumentst hasat hand. In the simulationsection4
we shov how differentmonetarypolicy actionsinfluencethe behaior of the differenttypes
of householdsindbanks,andultimatelywhateffectthey have onthewelfare.

5Thetotal amountof assetslowing throughthefinancialsectoris determinedy householdstiecisions Half
of the total "financial” assetgnotethatthe self-financedpart of entrepreneus projectdoesnot enterfinancial
sectorhasto equaltotal bankliabilities=asset¢seeequationl4).

"The chanceshatbothof thembind at the sametime canbe dismissedasarbitrarily low.



2.5 Market clearing

Onthefinancialside,marketsfor loans,bonds,equity anddepositanustclear Bond market
clearsautomaticallybecausef aninelasticsupplyof bonds. Theremainingmarket clearing
conditionsare:

D=D"= Y m'(l-wg) (11)
mi<m*
ES=E"= Y mlwg (12)
mit<m*
L= Z (¢ —1)m’ (13)
mt>m*
M= Y m'=D+E=B+L= > (¢6—1)m' (14)
mi<m* mi>m*

Moreover, expectedossesf the bankmustin equilibriumequaltherealizedloanlosses:

e= Y max{0, (1+ @) [rH(6 — 1mi — gmi(1 + )] + )

mi>m*

where u are the auditing costs. Themarket clearingequations(11) — (14) connectthe new
homogeneouspart with the original heterogenougart of the model. The sumof individual
demanddor depositsequity andloanson the right-handsidesmustequalthe supplylevels
decidedon anaggreatelevel.

Equity market clearingimplicitly definesreturnon equity »# asa function of all other
returns.In the caseof aninterior solution,equationg21)and(6) imply:

1
ad

In the caseof a corner solution,equationg24) and(6) imply:

%(rE =P = [ (r" 1P = (L4 1)e) + 1] (7 =) + 2% (" — 1P) = Nof, = 0 (15)

rB° _ pB® [27“D +rf — (1 4+1)e+ 1] —rP [rD2 +2rP(rt — (14 1)e+1) + 2)\0?3]

=[PP — (L4 L)e+1) + 220 + 6Nk | =0 (16)

To illustratethe functioningof the equity market, it is usefulto undego a following thought
experiment.Considera caseof anincreasen thelendinginterestrater”, possiblybecaus®f
anincreasan the demandfor loans. As long asthe ratio of expectedlossesasa proportion
of loanse riseslessthanr’, banks profit magin on eachnew loan goesup, which prompts
the bankto lend more. To do so, bankhasto raisemoreequity (it startswithout ary excess
of it: £ = aL), whichis why the equity supplyequation(21) is increasingn the loan profit
maigin. The demandor equity (6) is unafectedby thereturnon loans,andsoto raisemore
of equity, banks offeredr® hasto increase.Note that becausehe depositrateis exogenous

80ne canthink of banksdepositingtheir non-loanablénvestmentsat the centralbank which also setsthe
depositratein this model.



andbankcannot choosehesizeof it’' s balancesheetM, ¥ playsanimportantrolein bank’s
liability managementt sincreasewill leadto risein thetotal amountof equity raisedandto
amore-than-proportionahcreasen the £/ D ratio for ary sizeof thebalancesheetM°.

It is thereforeeasyto seethatwhenbankincreaseshe shareof loansin it's portfolio, it
hasto fund the higherequity holdingsat an everincreasingprice. Eventually the original
profit magin disappearandanew optimalloanlevel is achieved. Two casesanoccur First,
the total amountof new loansis lessthanthe new balancesheetlievel, loan market clearing
conditionsare satisfiedand constitutea potentialequilibrium. Secondlythe total amountof
new loansmay exceedthe new balancesheetvolume M, which is whatwe definedearlieras
acorner solution. In the latter casethe loan market doesnot clearandthe banksrationsome
of the eligible loan applicants.Becausehereis no asymmetridnformationproblemin this
model(henceno adwerseselection) anincreasean the price of loansdoesnot affectits quality
anda higher R" is neededo clearthe market. Thereforewe have a choiceof focusingon
market-clearingequilibriawhich rule out cornersolutionsandequity "hoarding”, or allowing
creditrationingwhenmultiple equilibria may ariseand excessequity is keptasa backupin
casethe total amountof loanablefunds M increases.For simplicity, we only focuson the
market-clearingequilibria,andonly equation(15) becomeselevant. Oneof theimplications
of thisis thatwe will never obsene bankshold excessequityin equilibrium,andsoregulatory
changesn capitaladequay ratio p will have directeffectonloanvolume

The above market clearingcondition (15) definesa return on equity as function of all
otherreturnsandsomeparametersr®=r®(rt r? o% )\ «). Theabove cubic equationsan
be solved analyticallybut doesnot determinethe R¥ uniquely Dependingon the parameter
valuestheoneor two of thethreerootsmaybe complex numbersvhich we disregard.

Now we have arecursve system.Conditionalon M, equation(21) determineshe optimal
level of equity F/, equation(23) determineghe optimal level of depositsD, equation(14)
determineghe optimal level of bonds B and equation(22) determineghe optimal level of
loans L. We thereforehave {r” rB, E, D, L, B} asa function of {r* M} andexogenous
variables.

2.6 Equilibrium

A recursve equilibrium in this model economy are four value functions V,.(m, s),
where s representsthe aggrejate state, for oc € {FE,W,U, R}, decision rules
{gr2(m, 5), 9%4(5), 954 (5), 9% (5), g5 (s)},  government policies {a(s),r’(s)}, prices
{ri(s), rP"(s),r%(s)}, aggreyate assetlevels {L, D, B, E}, and a function ¥(u) such
that:

1. decisionrulesg’(m, s) solve eachhouseholds problemwith theassociatedaluefunc-
tionsv,.(m, s).

2. decisionrulesg,(s) andgé,(s) solve portfolio problemof the household.

®This follows from thefactthat £ = 22— andwp, increasesn R”.
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3. decisionrulesg™ (s) andg? (s) solve thebanks’problems.

4. loan,equityanddepositmarketsclear:

Ls) = 3 (- Dmu(m, s an

B6) = T Y matms) 19)
e _ ,.d

D(s) = (1—T70%T )mgz mu(m, s) (19)

5. thedistribution of householdss thefixed pointsof the law of motion ®:

p'(m, s) = ¥(m, s)

3 Parametrization

To simulatetheeconomyandobtainnumericalresults we parametrizehe modelto the Cana-
dianeconomyin the yearsof 1988to 1992,in accordancevith the availabledataon project
returndistributions. Indeed,thesearethe only yearsfor which StatisticsCanadapublished
suchdata.

Firstwe calibratethe householdsector Several parametersresetin accordancevith the
literature: p = 2.5, 8 = 0.96 ando = 0.67. In accordancevith the modelsthatinclude
explicit leisurespecification/z = Iy = Iy = 0.55 while [z=1, asaresultof which thelabor
inputof entrepreneurandworkers,andthesearcheffort of unemplyedaresetto 0.45.Wages
areexogenousandwhile they completelycharacterizéhe laborincomeof entrepreneurand
workers,theincomesof unemplyedandretiredaredeterminedy theratio of unemplyment
insurancebenefitsto wagesd = 0.2929%°,

The probabilityof unemplymentis setequalto theaverageCanadiarunemplymentrate
for the consideregeriod: u = 0.0924. The probability of retirementr andthe mortality rate
0 aresetat0.05and0.1, sothatthe numberof expectedperiodswhile worker andretireeare
20 and 10, respectiely. Longerexpectedlifetime horizonallows usto utilize the effect of
savings over time morefully thanin the usual2-periodmodels(e.g. Williamson (1987)and
Bernanle andGertler(1989).

Now we turn to the financialside. All ratesare modeledandthereforecalibratedin real
terms.Following thecalibrationin YuanandZimmermann(1999),we settherealbondrater®
at 1%, suchthatthe depositrater? is about0.9%,which correspond$o anaverageof savings
ratesand guaranteednvestmentcertificaterates. The parameter: of the capitaladequag
constraintis takento representhe tier-1 capitalrequirementsmposedby the BasleAccord
(1988)andsetto o = 0.08. Thedeposiinsurancgarameted is calibratedusingthepremium

10This measurés basedn thereplacementateof Hornsteinand Yuan(1999).
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ratesof the CanadianDepositinsuranceCorporationfor banksin 2000/2001(0.0417%of
insureddeposits).This perunit rate corresponds$o § = 0.0000417 for an averageD/E ratio
of 10. The loan administrationcost!. is assumedo equal0. The accountflat fee ¢ is set
at 0.0003by trial anderrorin orderto getthe banksto breakeven. The parameter®f the
equity market that needto be calibratedare A and¢%. The varianceof returnson equity
of the banksis calculatedfrom the TSE monthly serieson financial enterprisesteturnson
equityfrom Septembefl978until Decembef000,which aredeflatedby the CPI. Therefore,
0% = 0.24. Therisk-aversionparametenof the portfolio optimizationproblem) is calibrated
from the market clearingcondition(15) usingthe obsened averagereal deposit,lendingand
ROE rates.Thisimplies A = 16.

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

Thedistributionsof projectreturnsin bothstatearecalibratedrom firms’ returnonequity
data. StatisticsCanada(1994) reportsthe distribution of returnon equity by non-financial
enterprisegrom the fourth quarterof 1988until the fourth quarterof 1992. Averagereturns
in eachquarterarereportedfor the top, middle andbottomtertile. Assumingthe underlying
distribution is normal,we find the returnsandassociategyrobabilitiesfor trinomial distribu-
tions suchthat a) averagereturnsarereplicated,b) we have have two extremereturns,one
implying bankrupty. We computetwo suchdistributions,onefor the high aggreyatestate,
correspondingo the averageof the 75%bestquartersn the sample andthe otherfor thelow
state.Thereturnsandthe associatedlistributionsarethefollowing:

High: —50% 52%  60% Low: —-50% 2.57T%  60%
gn- 0.71% 98.48% 0.81% “\ 1.79% 97.42% 0.79%

Theratio of investmento networth (¢ — 1) is calibratedio equalthe averagedebt-equity
ratio during the referenceperiod,andso ¢ = 2.2. With a minimum returnon investmenif
-50%, we have occasionabankruptciesThe auditingcostsr areassumedo equal0.03.

4 Capital requirements, bank lending and monetary policy

In this section,we analyzea particulareventhistory: oneHigh aggreateshockfollowed by
five Low andthenby five High ones. Thus, the modeleconomywandersthrougha whole
cycle, bottomingoutin the middle. Note thatthis a particularhistory of shocksamongmary
others,andthatthis historyis not anticipated.In Figure 1, we showv the behaior of various
indicatorsin a benchmarkeconomythatis with no policy interventionfrom the centralbank
on bondratesor capitalrequirements.

First, we look atthetwo instrumentvariablesof the banks.Whenaninitial badshockhits
the economythe lendingratejumpsup, essentiallyto cover higherexpectedioanlosses.As
morebadnews accumulatethe lendingratedecreaseasm* reactsandthe householdsddapt
their assetevels. Indeed banksrationmoreandmoreasbadshocksaccumulatebut revertto
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“normal” behaior assoonasgoodnews comein. Frompeakto trough,the amountof loans
decreaseby 3.0%, and 3.6% of all entrepreneursre driven out. The consequences that
the size of an averageloanincreasedy 0.6%, correspondingo the empirically documented
phenomenothatsmallbusinessearehurt morewhencreditconditionsworsen.

Do we have evidenceof a credit crunchin this benchmarkeconomy? Despitethe fact
thatbankscanincreasdheloanrateto compensatéor higherratesthey have to decreas¢he
total loan mass. The reasonis the following. Facingincreasedisk, someentrepreneurare
forcedto becomeworkers,asthe bankrupty rateis higher With moreagentshat save, the
volume of assetsncreases However, a smallershareof thoseassetsare channeledo bank
equity becauseof its higherrisk. The banksare then squeezedy the capital requirement
andhave to rationcreditandinvestmoreinto “unproductie” governmentonds.Without the
capitalrequirementpankscould give moreloans,in principle, by chaging even higherloan
rates,andentrepreneursvould still be readyto pay theserates. Although all agentsbehae
optimally, we have a situationthatcanbe describedasa creditcrunch,wheremamginal return
andmaginal costsof loansarenotequal.

Capitalrequirementsmply thatchangesn thecompostitionof banks’liabilities affectthe
amountof creditin theeconomy An adwerseproductvity shockincreaseshe numberof de-
positorsandlowersthe numberof borrovers. Yet risk aversedepositorsshy away from the
highly risky bankequity which leadsto a further credit decline (dueto the capitalrequire-
ments).However, the movementslescribedabove arerelatively small.

4.1 Countercyclical monetary policy

Thefollowing experimentswill helpusunderstanavhatarethe consequencesf variouspol-
icy actions. The first policy experiment,describedin Figure 2, involvesa 25 basispoint
reductionof the bondratein the worst aggr@ate state(currentshockLow, long history of
Low shocks)! Thus,the centralbankreactsonly aftera prolongeddeclinein the economy
Notethatthedecisionf thebanksarechangednly in this specificstate:m* andthelending
rateareunafectedwhenthe centralbankdoesnot move, but whenit doesbanksreducethe
lendingrate by the samemaigin and, moreimportantly significantlyrelaxtheir loanthresh-
old. Thusthesituationfor entrepreneurshouldimprove noticeably:easieraccesdo creditat
betterconditions. Loan actvity is negatively affected,however, andequity is reducedcom-
paredto thebenchmarkThisis becausevorkersdecideto save slightly less(interestratesare
lower) andputasmallerproportioninto equity (risk is higher).Notethathouseholdlecisions
are affectedeven whenthe centralbank hasleft the bondrate untouchedjn anticipationof
possiblechanges.Ultimately, the samenumberof entrepreneurgetsloansandthe average
loanis now smaller

A one-timedropin theinterestrateis thereforedoesnot appeato be an effective policy.
Whatnow if theinterestrateis graduallyreducedby 5 pointsaftereachbadshock,andgoes
backto normal whenerer a good shockcomesby? This policy takes betterinto account

INotethatall experimentsaredesignedsuchthatthe averager® or m* stayatthesamelevel.
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the anticipationsthe householddormulate. On Figure 3, we seethat the outcomeis quite
different. Banksbecomemuchmoregenerougo entrepreneurs badtimes,bothin termsof

lower lendingratesin badtimes(but higherin goodones)andquite significantlyin termsof

m*. In all statestherearemoreentrepreneurdpans,depositsaandequity While the average
loanis largerin normaltimescomparedo the benchmarkit is smallerin almostary othet

This meansthat assetaccumulatiorhasincreasedor householdsentrepreneurshis more
interestingasmonetarypolicy counterbalancethe increasedisk in badtimes. Indeed while

firms facelower averagereturnsand higherbankrupty rates,monetarypolicy forcesbanks
to offer betterconditions. This hasanimpacton assetaccumulatiorevenin goodtimes. We

concludehatanactive countergclical monetarypolicy canhave a significantpositiveimpact.
Note,however, thatit canremove the cyclical natureof loans.

4.2 Procyclical monetary policy

If somepolicy of interestratereductionmay have negative consequencesnemay naturally
ask whetheran interestrate increasecan do somegood. Indeed, higher bond ratesmean
higherreturnson sarzings,andpotentiallymoreequityto satisfytheloanneedsn thepresence
of capitalrequirements.

In Figure 4, we find that the model economydoesnot behae in a symmetricway, as
comparedto Figure 2. While the lending rate increasesas expected,m* staysessentially
put ratherthenshootup. Consequentlyloan actvity doesnot changemuchashouseholds
barelychangeaheir decisoncomparedo thebenchmarkThesumof all tiny changesesults,
however, in anoticeablydecreasén the averageloansize,but notasstrongasin the opposite
policy.

Comparingrigures3 andb, it appearshatthesamekind of asymmetryexistsfor agradual
policy. A gradualincreaseof the bondrate hasa negative, but much smallerimpacton the
variousassets.

An explanationof this asymmetryis asfollows. Prog/clical monetarypolicy inducesa
dropin m*, leadingto anincreasen the loan volume as more smalleragentscan become
entrepreneursMoreover, alower m* inducesworkersto save more (consumptiordrops)at
ary givendepositrate becauseahe entrepreneurshis morelikely to be attained(this move
is slightly offset by the distributional movementsas there are fewer workers and more en-
trepreneurs)Becausef suchboomin banks’liabilities, assesidesof banks’balancesheets
expandwhich reinforcegheinitial loanvolumeincrese.

Onthe otherhand,a countergclical monetarypolicy inducesa smallrisein m*. Thisis
a strongdisincentve for saving for workerswho wantto becomeentrepreneursandleadsto
adropin the volumeof depositsandequity. Suchdropis partly offsetby anincreaseof the
poolof depositorandarisein thedepositinterestrate. Theseoffsettingmovesarebehindthe
relatively smallchangesn thevolumeandthe compositionof banks’balancesheets.

Banks’decisionto changen* in anasymmetriavay is justareflectionof the equilibrium
natureof the problem.With progyclical monetarypolicy, banks’desireto give moreloansre-
quiresarisein theirequityfunding(capitalrequirementsind). Yetequityis morerisky in bad
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statesand householdshanneltheir savings away from equity andinto deposits. Therefore,
in orderto expandtheir loans,banksmustmalke the vision of entrepreneurshifa motivation
for saving) highly desirableto get sufficient equity - hencea sharpdropin m*. On the con-
trary, a countergclical monetarypolicy motivatesa loan volumedrop which is achieved by
anincreasean m*. Suchincreasecanbesmallbecausdor any amountof savings,risk-averse
householdgreferdepositan badtimesanyway.

The heterogenousagentsetupof this modelhighlightsthe effects of the changesn dis-
tribution of assetandbankfinancingon loanactwvity. In particular it shovs theasymmetric
propagatiorof the monetarypolicy.

4.3 Countercyclical capital requirements

Theinterestrateis oneof two instrumentghe centralbankcanuse. The otheris to modify
the capitalrequirementswhich in the benchmarkeconomyare setat a 8% equity/loanratio,
asin the Basle Accord. As it appearscapital requirementshave an impacton the model
economyonemay wantto establishwhetherit canbe usedfor cyclical purposesaswell. In
thefirst experimentFigure6, theequity/loanratiois allowedto bereducedo 7% in theworst
aggreatestateonly. While the bankscannow offer moregenerousonditions,in this state
only, householdbsene higher bankrisk and shift from equity to depositssufiiciently to
counterbalancanddecreas¢heloanmass.As for abondratereductiontheaveragdoansize
decreaseasthe numberof entrepreurdarelychangesomparedo the benchmarleconomy

Thenext experimentinvolvesa gradualdeclineof the capitalrequirementsluringthe bad
shocks Figure7. Onewould expectthatthe regulatorallowing the banksto take morerisks
during a downturn may generatemore loans. To the contrary equity declineseven more,
resultingin a smallerloan mass.Interestingly loansarelower evenwhenthe regulatordoes
notinterveneandhasin factslightly morestringentcapitalrequirementso maintainthe same
averageasin the benchmark.The reasonsarethe sameaspreviously: householdshy away
from bankswhenthey take on morerisk.

4.4 Procyclical capital requirements

If countergclical capitalrequirementhave adwerseeffects, maybeprogyclical 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 the first one, globally
andmassvely for thesecondne. Thusit appearshattighteningcapitalrequirementss good
for loanactvity becausét improvesthefinancingof the banks.In this casetheargumentsare
symmetricto the countergclical policies.

Note that we have no informationalproblemin the modeleconomythat would actually
requiretheimpositionof capitalrequirementsOnecaneasilyimaginethatif themodelwould
includethisit would only reinforcetheresult: the presencef moreentrepreneuriaiisk leads
to ahigherimpactof asymmetrianformationandrisk, thusfurtheringthe needfor regulation.
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4.5 Credit crunch? What exactly happensin the model?

A negative aggrgateshocklowersthe expectedprojectreturnsandincreasesheir volatili-
ty. This affectsthe loanvolumeandthe lendingratein four ways. First, both theseeffects
decreasehe expectedvalueof risk-averseentrepreneuréE,. V) while the valuefunctionsof
non-entrepreneurigdouseholdsio notchanget? Thereforetheincentiveto accumulatessets
in orderto be eligible for aloan declines. This lowersthe demandfor credit becausdewer
agentssave enoughto passthe m* cutoff. Second, therisk-neutralbanksonly careaboutthe
expectedreturnof projects. Therelative netpayof of bondsversudoansrisesandinducesa
substitutionfrom loansto bonds. Theloan supplydropsandthelendingrater’ increaseso
compensatéor higherloanlosses.Thisis the creditsupplyeffect (i.e. the "crunch”). Third,
anincreasdn % further discouragesgoan applicantsbecauseheir netreturnon investment
declinesandthe equilibriumcreditlevel dropsfurther. Thereforethe post-shoclequilibrium
exhibits a higherlendingrateanda lower level of loanswhich further propagateshe shock.
Notethatthedeclinein the market-clearingvolumeof creditis partly demand-dven,andcan
not be only attributedto the the credit crunchbehaior of the banks. Fourth, the household
percevesmorerisk in the bankwhenentrepreneurialisk increaseslt thenshifts, on behalf
of householdsfrom equity to insureddepositsthusmakingit harderfor banksto meetthe
capitalrequirements.

4.6 Doestheequity market worsen or soften the credit decline?

Theexistenceof equitymarket caneitheramplify or reducetheimpactof a negative shockon
avolumeof credit. Only the secondandfourth of theabose mentionedour effectsis directly
affectedby the existenceof anequity market. Theequilibriumcondition(15) shovs thatonly
changesn r’ ande affect credit behaior throughthe equity channel,andthey do soin an
offsettingmanner An increasen e (higherloanlosses)ncreaseshereturnonequityr?, while
anincreaseén r lowersit. Wethereforedistinguishtwo cases(A) If d (rL -1+ lc) €) <0,

thenarisein r¥ increaseshecostof fundsto thebankwhich squeezetheprofit magin further
andleadsto anadditionalsubstitutionfrom loansto bonds(L drops)aswell asanincreasan
rL. At the sametime rPOFT increasesmakingborraving relatively lessattractive (demand
for creditdrops).In this case the presencef the equity market worsenghe creditdecline:a
higherr? is only compatiblewith alower amountof equity E onthe market'3, whichin turn
requiresanadditionaldropin loansdueto abindingcapitaladequag constraini{seeequation
(22)). Casg(B) whend(rf — (1+1.)¢) > 0 hastheoppositeémplication—it softensheeffects
of financialaccelerator

Accordingto the simulations(comparingpeakandtrough states)d(r” — (1 + I.)e) =
0.0002 andwe canconcludethatthe presencef the equity market softensthe creditcrunch.

2Thereis only asecondrdereffect comingfrom expectationgo beanentrepeneuin thefuture.
BThisis becausdouseholdarerisk aversewhile banksarerisk neutral.
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5 Conclusion

We useda complex modelto study the interactionof householdsasing decisions,project
returns, Basle Accord type banking regulation and credit actvity. We find that the Basle
Accordhasanoticeablempactonloanswhenprojectreturnsdeclinethroughthecycle. Active
monetarypolicy throughinterestrate reductionsin badtime is ableto put loan actvity ata
higherlevel, but without removing its cyclical nature.

A relaxationof theBasleAccordcapitalrequirement badtimesobtainsnegativeresults,
ashouseholdshyawayfrom theequitybanksneedo makeloans.As in modelswith informa-
tional problems of which therearenonehere,atighteningis in order This callsthereforefor
regulatority policy to be active throughthe cycle, insteadof theimmuablepoliciescurrently
in place.

Ourresultsalsoemphasizethatit is importantto take into accounthefinancingof banks.
Givencapitalrequirementbanksarelimited in theirlendingby thebankequityhouseholdsire
willing to hold. As thisdecisionis influenceby interestrates this givesriseto anotherchannel
of monetarypolicy. This channelhasalso beenidentified by Chamiand Cosimano(2001)
andvanderHeuwel (2001). Unlike thesepaperswe do not requireasymmetrianformation,
market power in the bankingindustryor increasingnaiginal costof financing.

A Appendix: Solving the banks problem

Dueto theinequalityconstraintsye have to usea Kuhn-Tuckerapproactandbecarefulabout
thecornersolutions.The Lagrangeatior this problemis:
D
L = r'L+r"B—1"D—r°E — 5(5)”1) — (1 +1l.)eL
+M(D+E—-B—-L)+ X ME/L—a)+X(D+E—-1L)
Thenthefirst orderconditionsare:
A= MB/D Xy —e(l+1) = 0
Tb - )\1 = 0
—rd—é(fy—l)(g)7+)\ +X3 = 0
B 1 3

D\y+1
—re+67(f)7+ FMA+A/L+As = 0

As notedabove, therearetwo possibilities: either constraint(9) or constraint(10) bind. In

termsof the Lagrangeanve thereforeneedto considertwo casesTheonewhere), > 0 and

A3 = 0 (i.e. (9) bindswhile (10) doesnot) will bereferredto asan”interior solution” because

not all loanablefundsareinvestedinto loans. The oppositecasewhereA; > 0 andX; = 0

will bereferredto asa”cornersolution”. For simplicity, in whatfollowswe assumey = 1.
Interior solution
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This is the casewhen bank holds just enoughequity to satisfy the capitaladequag re-
quirement(E'/L = « andthereforeD + E > L). The above first orderconditionscanbe
combinednto:

D
d __ b __ nd
r® = r 25E (20)
M _ Toe oy Yoo 4 3
T = 1+[5(T %) aé(T r (1+lc)6] (21)
L = lg (22)

(0%

D = M-E (23)

where (21) is an equity (or implicitly deposit)supply equation. Conditionalon particular
valuesof M andall levels of prices,equationg20) to (23) form a recursve systemwhich
uniquelydeterminesll quantities.

Corner solution

In a cornersolution, bank holds more equity than requiredby the capital adequag re-
quirement(D + E = L andthereforeE /L > «). Now, r® > r¢ 14 andthe above first order
conditionscanbe combinednto:

M

re—rt4+(1+ lc)e]é

= = 1+ | ; (24)
L = M (25)
D = M-E (26)
=1t —(1+1)e = r* -7 (27)

where(24)is againanequitysupplyequation Notethatnow loansandequitysupplydecisions
aredisconnectedequation(27) shavs awedgebetweerthebondanddepositrates.Thebond
"premium” on the right handside equalsthe profit differentialbetweennetreturnson loans
andbondsthatwould equalzeroin aninterior solution.

B Appendix: On the assumption of a single portfolio opti-
mization

It may seemproblematicdo assumehatthe asseportfolio is allocatedn anidenticalmanner
for all householdsHerewe shaw thataslong asthelaborincomeremainghe sameacrossall
depositorsthe optimal splitting rulesderived from their preferencesvill beidenticalacross
all of thehouseholds.

To prove this point, we usea simplified versionof the problem. Householdsmaximize
maX{Ct,i’mi’H_l’dt,i’e’s,i} E() [E?io ﬁtU(Ctﬂ')] S.t. Ct,i + dtﬂ' + €ri = My + Y, WhereU(cm) =

1A lower demandor bank's financingby depositgrelative to equity) depressetheir price.
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(l"ctl Y-r—1

, M1 = dii(1+7d) + e (1 + rf) andey, di; denoteindividual equity and
deposnholdlngs respectrely. The Eulerequationdor this problemare:

ki = BE; [C%C—H,i(l + 7’?+1)] = /B[Et(l + Tg+1)Et[C§+1,i]]
cfi = PE [C%C-i—l,i(l + 7"?+1)] = 5[Et(1 + {1 ) Eelei ] + cov[(1 +7fy,), C§<+1,z”

wherex = —(o + p(1 — 0)). Solvingwith a methodof undeterminedoeficients,we make
aneducatedyuesghate;; = v.m;; andd,; = y4m.; andrewrite the Eulerequationsas:

X X
[(1 — Ve — Vi) Mui + ?Ji] = B+r)E, [(1 — Vesi — Vdi)Mut1,i + yi]

X e X
[(1 — Yesi — Vi) Mt + yi] = pPE; [(1 +rf )X = Yo = Yai) Mg + yi]]

Theaboretwo equationgjive determineheshare®f equity~.,, anddepositsy, ; in m,1 ;
asfunctionsof individualaswell asaggregatevariables.Theimportantpointfor ourargument
is thatif all agenthavethesamdaborincomey; = y V ¢, thenwe canharmlesslyassumehat
y = 0 andthesetwo equationgollapsento:

1= B +r)Elya(t +r?) + 761 + i) (28)
1= BEJ+r) a1+ 1) + o1+, (29)

Notethatin equationg28) and(29), 7. and~, areindependent of ary individual variables.
They areonly functionsof the ratesof returnandthe parametersf the utility function. This
way we have shavn thataslong asthe agentshave anidenticallaborincome(andaslong as
theirdepositandequitydemandsrelinearin their asseholdingswhich canbe provedfor the
caseof y = 0), theportfolio-splittingdecisionscanbe assumedo be madeuniformly.

Becausein this model we work with two types of depositors(workers and re-
tirees/unemplged),theassumptiorof anidenticallaborincomeis only justifiedwithin these
two groups.In thefutureresearchwe shouldthereforemodelthe numberof distinctportfolio
optimizationsequalto 2. The optimality conditionswill thenpresentdditionalidentification
restrictionson the parameteraluesof the households risk-aversionparameter.. We ignore
thisin the currentversionof the paperdueto the computationadifficulty.

C Appendix: The solution procedure

Heterogeneouagentsmodelswith aggreateshocksaredifficult to solve because¢hedistribu-
tion of agentds notinvariantandbecomes highly dimensionaktatevariable. Thetwo main
stratgiesto solve this problemis to eitherfind agoodway to summarizehedistribution with
very few variables,asKrusell and Smith (1998) demonstrateor to work with linearization,
asCooley andQuadrini(1999)do. Unfortunately neitheris possibleheredueto somehigh-
ly non-linearphenomendhat are crucialin our model. For example,decisionruleschange
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abruptlyin thevicinity of m*. Finally, seconddegreeeffectsappeato be quiteimportant,and
they arelik ely to vanishwith linearization.

Our stratgy usesherealizationthataggreyateshocksn atwo-stateMarkov procesdead
to transitionalstatessomeavherebetweenwo steady-statesorrespondingo repeateddenti-
cal shocks.We thereforechoosea sufficient numberof aggreatestatesto represent large
proportionof actualaggreatestates.

Theaggreatestatespacas assumedwo dimensionalonedimensioris thecurrentshock,
High or Low, the otheris a counterof how far from the the High steady-statéhe economy
is. Specifically this counteris incrementedyy one eachtime a Low shocksoccurredin the
previousperiod,or decreasebly oneif aHigh shockoccurred.Theminimumcountervalueis
one,the maximumis chosensuchthatthis stateoccursinfrequently We choosea maximum
of 5, implying with thetransitionprobabilitiesof the Markov procesghattheeconomywill in
ary of theaggreatestatesS,.% of thetime, where

g — 90.2 16.7 56 1.9 0.6
-\ 167 56 19 06 02 )°

We then solve this model economywith the standardools for heterogeneouagente-
conomiesthatis valuefunctioniterationsfollowed by iterationson the invariantdistribution
(definedover the aggreyatestatesaswell). The equilibriumis reachedy finding the setof
lendingratesr! andloaneligibility rulesm* thatbalanceall marketsandsatisfyall constraints.
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D Figures

Figurel: Benchmarkeconomyasit cyclesthroughall possibleaggreyatestates
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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 interestrateincreasan worstcaseonly
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Figure5: Benchmarkandpolicy with gradualinterestrateincreaseasaggreatestatesvorsen
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Figure6: Benchmarkandpolicy with relaxingof capitalrequirementsn worstcaseonly

lending rate (%) bond rate (%) m*
1.6
1 7
N ~~——
N =
0.9 6.8
1.4
0.8 6.6
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
0.76 0.057
0.7 total loans
0 6'8 0.75
) AN
0.66 0.74 e - - T ~- a P05 _\/
0'64_\1/ 0.73 total deposits totdl eqyit
0.62 P 0.05 ™y
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
65 _ loans/assets (%)
o —~—~——— | 8 N/ 85
6 ‘! _\/
v ! \V} 2
5.5 . ! 80 ST
v
e_d (g ity/l %
5 r —r- (%) 6 equity/loans (%) 75
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
8.8
1.3 — 8 entrepreneurs (%)
tot
\ A
1.2 \I 8.7 Y /
7.5 _\/ \ ,
1.1 .
portfolio return (%) 7 8.6 average loan
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10

25



Figure7: Benchmarkandpolicy with gradualrelaxingof capitalrequirementsasaggrgate
statesvorsen

lending rate (%) bond rate (%) m*
1.6
1 7 AN
— Cie———
0.9 6.8
1.4
0.8 6.6
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
0.76 0.057
0.7 total loans
0 6.8 0.75
’ -~
0.66 0.74 ARV . 0'0535\
064" "= =S==7=--" onf total depos‘ité \ S N total eqylit
0.62 0.05— i
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
65 e =~ . loans/assets (%)
e 8= 7 85
6 S 7 ~ -
AN ~ N l ~ ~ < - “
- \\ ,' 7 y 80 ~ S’ 7
N
5 -9 () M 6 equity/loans (%) 75
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
8.8 - -
1.3 — entrepreneurs (%) I ‘, ‘, !
’ ~ N — 8 ' \
~ 7
1.2 ~ 8.7 -
75k ~ = I
1.1 S ’ =
. § = - g
portfolio return (%) 7 S 8.6 average loan
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10

26



Figure8: Benchmarkandpolicy with tighteningof capitalrequirementsn worstcaseonly
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Figure9: Benchmarkandpolicy with gradualtighteningof capitalrequirementsisaggregate
statesvorsen
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