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| ett staff memo kan medarbetare pa Riksbanken offentliggora lite |angre kvalificerade
analyseri relevantafragor. Det ar en tjanstemannapublikation som &r frifran
policyslutsatser och individuella stallningstaganden i aktuella policyfragor. Staff memo
godkanns av berord avdelningschef.

Detta staff memo ar framtagetav medarbetare fran utrednings-och
modellenheten samt enheten for finansiell policyoch analys vid Riksbankens
avdelning for finansiell stabilitet. Avdelningen ansvarar bland annat fér Riksbankens
arbete med attframja stabilitet och effektiviteti betalningsvasendet genom att
overvaka, deltai regleringsarbete samt spridainformation och pa andrasattverka for
attforebygga risker i det finansiella systemet.
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Sammanfattning®

Riksbanken publicerade 2011 en studie om lampliga kapitalnivaer for svenska banker dar
samhallsnyttan avhogre kapitalnivaer vagdes mot eventuella samhallsekonomiska kostnader.
Flera faktorer talarfor att den samhallsekonomiska vinsten av hogre kapitalnivaer forbanker
kan ha underskattats. En anledning dratttidigare studier kanha underskattatvad en kris
skulle kosta samhaéllet. Den utdragna ekonomiska aterhdamtningen harvisat att effekterna av
den senaste globala finanskrisen harvaritallvarliga och skapat storre samhéllsekonomiska
kostnader, inte minstiEuropa, dn studier hadevisatinnan. Dartill kan tidigare studier ha
overskattatvilkalangsiktiga kostnader hogre kapitalnivaer for banker kan medféra for
samhillet. Flera nya studier harocksa konstaterat att det kan vara samhallsekonomiskt
motiverat med hogre kapitalnivaer.

Mot denna bakgrund har Riksbanken gjort nya berdkningar avlampliga kapitalnivaer, vilka
redovisasidetta staffmemo. Vi utgar ifran samma tankeram somi riksbanksstudien fran
2011 men nu med fokus pa bruttosoliditeti stallet for riskviktade ka pitalmatt. Vi beaktar
ocksa ny forskning som har tillkommitsedan 2011. | varanalys vager vi, liksomtidigare,
eventuella forvantade samhallsekonomiska kostnader av hogre kapitalnivaer motden
forvantade samhallsekonomiska vinsten. Kostnaden grundarsigi att hogre kapitalnivaerkan
Oka bankernas finansieringskostnad vilket kan gora det dyrare for deras kunder attlana till
investeringar ochdarmed kan BNP-nivan blilagre. Denna kostnad ska vagas mot fordelen av
attsannolikheten fér bankkriser minskar om bankerna har mer kapital som en buffert mot
stora forluster. Detar vardefullt eftersomkriser kanvara mycket kostsamma férsamhallet.

Vara berakningarindikerar atthogre kapitalnivaer 4n de som de svenska storbankerna
haridagskulle ge en begrdansad samhallsekonomisk kostnad, samtidigt som vi bedomer atten
minskad risk fér en svensk finanskris kanvantas medféra en vinst for samhallsekonomin.
Sammantagetinnebardetatt dven en forhallandevis liten minskning av sannolikheten for en
kris kanvaratillracklig for att det ska vara samhallsekonomiskt motiverat med hogre
kapitalnivaer andebankernaharidag.

Beroende pa vilka antaganden man gor ger berdkningarna stod fératten
samhallsekonomisktval avvagd niva for svenska storbankers bruttosoliditet ligger nagonstans
i intervallet5till 12 procent. Berdakningarnadrdock kringgdrdade av stor osdkerhet.

Vi vill tacka Stephen G. Cecchetti, Ingo Fender, Reimo Juks, Daria Finocchiaro, Xin Zhang, Thomas Jansson, Jens Iversen, Annukka
Ristiniemi, Magnus Jonsson, Peter van Santen, Tomas Edlund och Yildiz Akkaya fé6r kommentarer pa tidigare versioner.
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Lamplig kapitalniva i svenska storbanker — nya
perspektiv

Riksbanken publicerade 2011 en studie om |[ampliga kapitalnivaer for svenska
banker. | studien beddmdes enlamplig kapitalniva liggaiintervallet 10-17
procentav riskvagdatillgangar. I slutetav 2011 slét svenskamyndigheteren
Overenskommelse att svenska storbanker ska ha kdrnprimarkapital pa minst 12
procentav sinariskvagdatillgangar.

Flerafaktorertalarfor att tidigare studierav optimalakapitalnivaerkan ha
underskattat vilken samhaéllsekonomisk vinst hogre kapitalnivaer skulle ge. En
anledningdratt studierna kan ha underskattat vad en kris kan kosta samhallet.
Den utdragna ekonomiska dterhdmtningen, i inte minst Europa, harmedtiden
visat att den senaste finanskrisen har medfért storasamhallsekonomiska
kostnader. Det har ocksa visatsig att lander med valkapitaliserade banker
tenderaratt dterhdmtasig battre efterkriser (Jordaetal, 2017). Dértill kan
tidigare studier, som exempelvis BCBS (2010), ha 6verskattat den negativa
effekten av hogre kapitalnivaer pa bankernas finansieringskostnad och i
forlangningen kostnaden for foretag att finansiera produktivainvesteringar.
Fleranya studier som exempelvis Dagheretal.(2016), Federal Reserve Bank of
Minneapolis (2016) och Firestone etal. (2017) finner attdetkan vara
samhallsekonomiskt |[6nsamt med héga kapitalkrav.

For svensk del hareventuella negativa effekter av hojda kapitalkrav visat sig vara
begransade. Bankernaslonsamhet harfortsatt att vara god och kreditgivningen
har fortsatt att vara expansiv. For svenska banker har hojdakapitalkrav
sammanfallitmed en minskning av deras riskvikter och dirmed en begransad
okningav kapitaletiforhallande till bankernas balansomslutning. Det kan vara
enforklaringtill den fortsatt godalénsamheten och starka kreditgivningen.
Anvandningen avinternametoder foratt berdkna kapitalkrav har 6vertid
inneburit lagre riskvikter som gor att kapitaltackningen stiger foren given mangd
kapital. Men dven om denriskviktade kapitalrelationen har 6kat sa har bankerna
sannoliktinte 6kat sin motstandskrafti samma utstrackning. Darforfokuserarvii
dennastudie pa bruttosoliditeti stallet forriskviktade kapitalmatt.

Mot dennabakgrund redovisar vi harnya berdkningaravlampliga kapitalnivaer
for svenska storbanker. Analysen bygger pa sammatankeram som Sveriges
riksbank (2011) men beaktar ny forskning pa omradet som tillkommit sedan
2011. Utifran de antaganden som gors i studien sa gerberdkningarnastod for att
ensamhallsekonomiskt val avvagd niva for svenska storbankers bruttosoliditet
kan ligganagonstansiintervallet 5till 12 procent. Eftersom resultatenivar
studie delvis bygger pa datafran en period da detinte fannsriskvikter for
svenska bankers tillgangar medféren direkt Oversattning av den berdknade
bruttosoliditetentill en riskviktad kapitalniva en del tolkningssvarigheter. Det
berdknade intervallet fér bruttosoliditeten skullei en rak 6versattning med
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dagensriskvikterinnebéara en kapitalniva pacirka 25-60 procentav svenska
storbankersriskviktade tillgangar.

Varfor behovs kapitalkrav for banker?

De svenska storbankernafinansierar sigi hog utstrackning med lanat kapital, detvill saga
skulder, jamfort med andra foretag somi storre utstrackning finansierar sig med eget kapital.
I diagram 1 framgar att svenska bankers eget kapital somandel av totalatillgangararlagur
ett historiskt perspektiv. Deras eget kapital uppgari dagtill omkring fem procentav detotala
tillgdngarna.

Diagram 1. Svenska bankers eget kapital som andel av totala tillgangar 1870-2008
Procent
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Kélla: Hortlund (2005, 2008).

For bankernas aktiedgare kan den higa belaningsgraden ge hog avkastning pa
aktiekapitaleti godatider. Nackdelen drattbankernas mojligheter att hantera stora forluster
forsamras nar det egna kapitalet endast utgor en liten del avden totala finansieringen. Ju
hogre beldningsgrad, desto mer riskfylld arbankens verksamhet —bade for aktiedgarna och
for samhallet.

Banker tillhandahallerviktiga funktioner i ekonominoch om en enskild bank far problem
sariskerardetattge upphovtill omfattande stérningari den 6vriga ekonomin. Dessutom ar
de svenska storbankerna sammanlankade, bland annat eftersom de dger varandras
sakerstadllda obligationer och darexponerade mot samma sektorer, vilketinnebaratt problemi
en bankriskerarattspridasigtill de 6vriga.

Om en enskild bankinte beaktaratt dess risktagande kan paverka andra aktoreri
ekonomin negativt kan banken komma att ta for storarisker ur ett samhallsekonomiskt
perspektiv. Banken bar juintesjalvde fulla konsekvenserna om utfallet av risktagandet blir
daligt. Vad somar en lamplig niva pa bankers eget kapital ardarférsannolikt hogre ur ett
samhéllsekonomiskt perspektivan ur bankernas eget perspektiv.2 Didrmed kan kapitalkrav

2 Sveriges riksbank (2011).
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somsakerstaller att banker haller en viss miniminiva av eget kapital bidra till en mer effektiv
resursallokering.34

Kostnad och vinst av hogre kapitalnivaer

Vad somar en samhallsekonomiskt Iamplig niva for bankers eget kapital kan analyseras
pa olikasatt. Till exempel kanman utfora stresstester som bedémer vilka kapitalnivaer som
arlampligafor att banker ska kunna sta emotolikatyper av chocker. | den har studien harvi i
stallettagitossan fragani samma anda som Baselkommitténs Long-term Economic Impact-
studiefrdn 2010 och riksbanksstudien Lamplig kapitalniva i svenska storbanker fran 2011,
hadanefter BCBS (2010)respektive Sveriges riksbank (2011). De har tva studierna utgarifran
en tankeram dar forvantade samhallsekonomiska kostnader avhogre kapitalnivaer vags mot
den forvantade samhallsekonomiska vinsten.

Den samhallsekonomiska kostnaden beror pa atthogre kapitalnivaer kan 6ka bankernas
finansieringskostnad. Om sa arfallet och bankerna for 6ver den kostnadsokningen pa sina
kunder blirdetdyrareattlanaibankerna, vilketkan ge minskadeinvesteringaroch enlagre
BNP-niva.

Den samhallsekonomiska vinsten beror pa att sannolikheten for en bankkris minskarom
bankerna harmer eget kapital somkan utgora en bufferti handelseav storaovantade
forluster. Detar vardefullt eftersom bankkriser kan medféra stora kostnader foér samhallet.

Skillnaden mellan kostnaden och vinsten ger oss den samhallsekonomiska
nettobehallningen. Genom att berdakna kostnad och vinst vid gradvis hégre kapitalnivaer kan
man bildasig en uppfattning om hur den samhallsekonomiska nettobehallningen utvecklas
pa marginalen, detvill sdga hur nettobehallningen dndras om man tillfor ytterligare eget
kapital vid olika kapitalnivaer. Denna tankeram sammanfattasiTabell 1.

Tabell 1. Tankeram

Samhallsekonomisk kostnad och vinst av hogre kapitalnivaer for banker
(-) Kostnad
Mer eget kapital kan 6ka bankemas finansieringskostnad - Dyrare att lana fran banker - Lagre BNP

(+) Vinst

Mer eget kapital minskar sannolikheten for en finansiell kris

En finansiell kris dr kostsam for samhéllet

(=) Nettobehallning for samhillet

Kélla: Eget exempel baserat pa Tabell 1 i Fender och Lewrick (2016)

Nar kapitalnivanhojs avtar nettobehallningen avytterligare hojningar gradvis, eftersom
man forr eller senare naren niva dar sannolikheten for en kris inte langre minskar tillrackligt
mycket for att uppvaga de kostnader som eventuel ltfoljerav atthoja kapitalnivan ytterligare.
Sa lange en ytterligare hojning ger en vinst som uppvagerkostnaderna drdet
samhallsekonomiskt motiveratatthoja kapitalnivan. Den fraga vi stéller oss ar vid vilken niva
de samhallsekonomiska kostnaderna skulle 6verstiga den samhallsekonomiska vinsten om
kapitalnivaerna hojs ytterligare.

Vara berdkningarutgarfran eget kapital i forhallandetill totala tillgdngar, det vill séga ett
matt pa bankernas bruttosoliditet. Sedan en tid tillbaka har Baselkommittén enats om ett
bruttosoliditetsmatt dar en banks priméarkapital sétts i forhallande till bankens exponeringar. |
berdkningarnaav en banks exponeringarinkluderas saval ataganden pa som utanfor
balansrakningen. Eftersom historisk data for Baselkommitténs matt pa bruttosoliditetar
bristfallig sd anvdnds inte denna for att skatta lampliga kapitalnivaer. Istéllet fokuserarvi pa
en banks bokforda kapital i relation till bankens totala tillgangar pa balansrakningen. For
svenska storbanker skiljer sig for narvarande dessa tva mattendast marginelltifranvarandra.

3 F6r en mer utférlig diskussion om kapitaltéckningens syfte och funktioner se Berger et al. (1995).
4 Kapitalkrav kan utformas p& manga sitt, inklusive olika andelar av minimikrav och buffertkrav. Kapitalkravets utformning ligger utanfor
analysen i denna staff memo.
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Flera tidigare studier, sa som BCBS (2010) och Sveriges riksbank (2011) haristéllet for att
studera bankernas bruttosoliditet valt att fokusera pa bankernas kapital i forhallande till
deras riskvagda tillgangar. For svensk del ar resultaten av de studiernaidag svaraatttolka
eftersomde svenska bankernas riskvikter harandrats forhallandevis snabbt. | Diagram 2
framgar attbankerna haller langt mer egetkapital antidigarei forhallandetill sinariskviktade
tillgangar. Samtidigt har deras eget kapital somandel avtotalatillgdngarknappt 6kat. Detta
beror pa till stor del pa att bankernas riskvikter har minskat betydligt under senarear. Det
talar férattbankernasannoliktinte har 6katsin motstandskraftisamma utstrackning s om
den riskviktade kapitalrelationen har 6kat. >

Diagram 2. Kapitalnivaeri svenska banker 2009-2016

Procent
25
20
el
15
—/_//
10
4
5
- p—
0

2009 2010 2011 2012 2013 2014 2015 2016

—— Kaérnprimarkapital/Riskvagt exponeringsbelopp
—— Kaé&rnprimarkapital/Totala tillgangar

Kalla: Bankernas delarsrapporter och Riksbanken

| de féljande avsnitten ger vi en kortfattad beskrivning av hur kostnaden ochvinsten av
hogrekapitalnivder kan berdknas. Berdkningarna redovisas mer utforligti Appendix A-E. Forst
analyserar vi den samhallsekonomiska kostnaden, sedan den samhallsekonomiska vinsten.
Darefter foljerettavslutande avsnitt dar vi vager kostnaden mot vinsten vid olika
kapitalnivaer.

Eget kapital ar dyrare dn lanat kapital men ger ocksa lagre risk

| det har avsnittetanalyseras om hogre kapitalkrav 6karkostnaden for kreditgivning i
ekonomin och,omsa ar fallet, hur stor den effekten kan tankas vara. Eget kapital arvanligtvis
en dyrarefinansieringsform an lanatkapital. Detta som foljd av att eget kapital normaltar
mer riskfyllt.? Detdr dock inte sjalvklart att bankens totala finansieringskostnader 6karom
andelen kapital 6kar.

Det sa kallade Modigliani-Miller-teoremet sager att under vissa antaganden paverkas ett
foretags totala finansieringskostnad inte av hur det blandar eget och Ianat kapital for att
finansierasig (Modigliani och Miller, 1958). | praktiken finns dock ett antal friktioner kopplade
till bankernas finansiering som ger skal att tro att Modigliani-Miller-teoremetinte galler fullt

5 Se Sveriges riksbank (2015), Finansinspektionen (2014)

6 Aktiedgarnas avkastning &r inte férutbestdmd utan avgdrs av hurmycket som blir éver efter att firmans langivare fattsin avtalade
ersattning. Detta kan sagas gélla bade for den I6pande avkastningen och vid konkurser. Det ar da rimligt att vanta sig att investerare
begar hogre forvantad avkastning pa eget kapital &n for lanat kapital for att kompenseras férden hogre risken.
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ut. Tva centrala exempel beskrivs kortfattat nedan. Féren mer ingaende diskussion, se
Appendix A.

Skatter ar ett exempel pa en friktion somkan fa till féljd att bankens finansieringskostnad
Okar nar andelen kapital 6kar. Det svenska skattesystemet ger avdrag for ranteutgifter men
intefor utdelningartill aktiedgare. Nar |anat kapital ersatts med eget kapital gar banken
darmed miste om ett skatteavdrag motsvarande rantekostnaden for detlanade ka pitalet
multiplicerat med bolagsskattesatsen. Men eftersomvi hartalar omforhallandevis sma
okningarav bankens eget kapital fardetta baraen begransad effekt. En bank som ersétter
lanatkapital med eget kapital motsvarande en procentav detotala tillgangarna gdr misteom
en skattefordel motsvarande omkring 0,01 procent, eller 1 baspunkt, sett till bankens totala
finansieringskostnad.” Dartillkan vi konstatera att 4ven om |dnat kapital gynnas skatteméssigt
over eget kapital behover detinte vara samhallsekonomiskt motiverat och det kan snedvrida
foretagens finansieringsbeslut (SOU 2014:40; IMF 2009). | den utstrackning ett kapitalkrav
motverkar snedvridningarnai ekonomin kan den samhallsekonomiska kostnaden av mer
kapital darmed vantas varalagre an den privata kostnaden for bankerna.

Ett annatrelevantexempel pa friktioner ar statliga garantier, till exempel i formav en
insattningsgaranti eller genom att marknaden forvantar sig att staten skyddar bankernas
langivare ndrbankerna farproblem. Sadana friktioner kan géra lanefinansiering billigare dn
den annarsskulle ha varit. Har ardistinktionen mellan privata kostnader och sociala
kostnader sarskilt viktig. Ominsattningsgarantin el ler forvantningar om statligtingripande far
banker attta merriskan deannarsskulle ha gjortsa kandetvara samhallsekonomiskt
motiveratmed ett kapitalkrav som begrénsar risktagandet. Aven i detfalletkan den sociala
kostnaden darférantas varalagre dn den privata kostnaden —eller rentav utgéra en vinstoch
inteen kostnad 6verhuvudtaget.

Omen bank 6kar andelen eget kapital, somaren dyrare finansieringsform an lanat
kapital, sdinnebardetalltsa enligt ovan en 6kad kostnad for banken. Men samtidigt blir
banken mindreriskfylldi ettinvesterarperspektiv, vilketi sig minskar bankens
finansieringskostnad b&de fér 18nat och eget kapital. 8 Den hir effekten, somkallas fér
Modigliani-Miller-effekt®, motverkarallts& i viss utstrackning den kostnadsékning somen
storreandel eget kapital innebar.

Tabell 2 sammanfattar skattningarav denna Modigliani-Miller-effekt fran ett antal
studier. Somframgarav tabellen r skattningarna av denna Modiglia ni-Miller-effekt
forhallandevis stora. En skattad Modigliani-Miller-effekt pa exempelvis 40 procent betyder att
den skattade 6kningen avbankernas finansieringskostnad ar 40 procentlagre an vad man
kundeha vantatsigomen sadan dampande effektinte hadeadgtrum.

7 Om vi antar att réntan fér lnefinansiering ar 5 procent och bolagsskattesatsen 22 procent s& motsvarar skatteeffekten av att en
procentenhet lanat kapital ersatts med en procentenhet eget kapital en kostnadsokning for banken pa 0,05x 0,22 x 0,01 =ca 0,01 % eller
drygt en baspunkt. Se dven Hanson et al. (2011) som finner liknande resultatfor banker i USA.

8 Detta giller pa sikt bade l&nefinansiering och eget kapital. Den som l3nar till en bank I&per stérre risk attinte fa tillbaka hela beloppet
om banken haller en liten andel eget kapital. Och hégre belaningsgrad i en bank goér alltannat lika attbankens eget kapital blirmer
riskfyllt eftersom vardet pa det egna kapitalet da varierar mer 6ver tid och risken for en konkurs 6kar.

9 Aven kallad Modigliani-Miller offset.



LAMPLIG KAPITALNIVA | SVENSKA STORBANKER —N YA P ERSPEK TIV

Tabell 2. Exempel pa studier som finner en Modigliani-Miller-effekt

Studie Lander Tidsperiod ::;::i:&:fiéi; ni-
ECB (2011) 54 globala banker 1995-2011 41-73

Junge and Kugler 2012) | Schweiz 1999-2010 64

Miles et al. (2013) Storbritannien 1997-2010 45-90

Shin (2014) 105 bankeri utvecklade lander | 1994-2012 46

Toader(2014) Europeiska banker 1997-2011 42

Brooke etal. (2015) Storbritannien 1997-2014 53

Clarketal. (2015) USA 1996-2012 43-100

Anm. Den berdknade effekten i kolumn 4 anger i vilken utstrackning kostnaden av hogre kapitalnivaer motverkas av den sa kallade
Modigliani-Miller-effekten. Denna effekt gor att bankens finansieringskostnad inte 6kar lika mycket som annars skulle ha varit fallet. Se
Appendix A for en mer ingaende beskrivning av tabellen.

Aven om det finns en viss ddmpande Modigliani-Miller-effekt ger hdgre kapitalnivaer
typisktsett upphov till en kostnadsékning for bankerna. D3 blirndsta fragai vilken
utstrackning denna kostnad fors vidare till bankernas kunder. | tabell 3 nedan redovisar vi en
oversiktav internationell forskning som studerari vilken omfattning hogre kapitalnivaer
paverkar bankers utlaningsrantor.19 Studierna underséker olika ldnder underolika
tidsperioder.

Tabell 3. Studier som skattar hur mycket bankerna 6kar sina utldningsrantor om de okar sitt eget kapital meden

procentenhet
Okning av
Studie Lander Tidsperiod utldningsréantor
(baspunkter)
BCBS (2010) Urval avOECD-ldnder | 1993-2007 26
Junge och Kugler (2013) Schweiz 1999-2010 0,7
Miles, Yang och Marcheggiano (2013) Storbritannien 1997-2010 1,2
Bank of England (2015) Storbritannien 1997-2014 25
Elliot(2009) USA 20
Kashyap, Stein och Hanson (2011) USA 1976-2008 3,5
Bakeroch Wurgler (2013) USA 1971-2011 8,5
Cosimano och Hakura (2011) Globalt 2001-2009 12
King (2010) Urval avOECD-lander | 1993-2007 30
Slovik och Coumnede (2011) Urval avOECD-lander | 2004-2006 32
De Resende, Dib och Perevalov (2010) Kanada 2,5
Corbae och D’Erasmo (2014) USA 50
Kisin och Manela (2016) USA 2002-2007 0,3
Medelvirde 16,3

Anm. For att underltta en jamforelse mellan studierna gor vitva férenklande antaganden. For det forsta 6versétter vi riskviktade
kapitalmatt till bruttosoliditet utifran antagandet att den genomsnittliga riskvikten ar 50 procent, det villsdga de riskviktade tiligangarna
uppgér till halften av de totala tilgdngarna.'* Fér det andra skalar viom den skattade effekten i varje studie till effekten av att eget
kapital 6kar med en procentenhet i forhallande till de totala tillgdngarna. Vi antar da att effekten &r proportionerlig, det vill siga effekten
av att till exempel hoja kapitalnivan med tva procentenheter antas vara dubbelt sa stor som effekten av att hdja med en procentenhet.
Se Appendix A fér en mer ingdende beskrivning av tabellen.

Sammantagetindikerardenna forskningsoversikt att bankernas utlaningsrantorkan
vantas 6ka ndgot ombanker tvingas halla en hogre andel eget kapital, men att effekten ar
mattlig. Ett medelvarde av deolikastudiernai tabellen ovan ger att om bankerna 6karsitt
eget kapitaliforhallandetilltotalatillgangar med en procentenhetsa kan utlaningsrantorna

10 litteraturen anvands ofta begreppet marginaler fér detta, men fér enkelhetens skull skriver vi istéllet rantor.

1 Faktiska riskvikter skiljer sig 4t mellan olika linder. Vart antagande om 50 procent &r hégre dn svenska storbankers riskvikter, som i
genomsnitt ligger kring 20-25 procent, men &r i linje med vad som observeras i andra lander — de svenska riskvikterna &r laga i ett
internationellt perspektiv. Var bedémning ar att antagandet om en genomsnittlig riskvikt pa 50 procentgor att viover- eller underskattar
de skattade effekterna i enskilda studier men att vi sammantaget landar i rétt storleksordning.

9
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vantas 6kamed omkring 16 baspunkter, eller 0,16 procentenheter. En del av deskattade
effekterna i tabellen ovan framstar som héga ur ett svenskt perspektiv. Med en enkel
overslagsberdkning 6kar svenska storbankers genomsnittliga finansieringskostnad, allt annat
lika, med omkring 10-12 baspunkter om de ersatter en procentenhet |anat kapital med eget
kapital.12 Men eftersom bankernas tillgdngar dven bestarav andratillgdngar &n |dn maste
utlaningsrantorna 6kas med mer an sa om kostnaden heltska foras vidarei formav hogre
rantor pa 1&an.13 Dartill inbegriper mangaavstudierna ovaniven indirekta effekter, t.ex. att
konkurrensen mellan banker kan férsamras. Det ar en 6ppen fraga hur pass omfattande
sadanaindirekta effekter kan tankas vara forsvensk del. Sammantaget | dter vi genomsnittet
pa 16 baspunkter utgéravarbastabedomning men det kan inte uteslutas att detta
overskattarhur stor effekten skulle bli for svensk del. Man borocksa komma ihagattden
fraga vi egentligen stéller ossinte ar om hogre kapitalkrav 6kar kostnaden for attlanaav
banker utan vilka effekterna kan bli for kapitalkostnaden i storti ekonomin. Féretag somvill
finansiera produktiva investeringarkandven tankas lanafran andra aktorer anbankereller
finansiera sig med eget kapitalistorre utstrackning.!* Av bada dessa skl kan effekten pa
kostnaden for attfinansierainvesteringarvantas bli lagre an effekten pa bankernas
finansieringskostnader.

Bankernas kapitalnivaer kan paverka utlaning tillinvesteringar

| férra avsnittet konstaterade vi atthogre kapitalkrav kangora det ndgot dyrare for
bankerna attfinansierasigoch attbankernai safall kan komma att féra 6ver kostnaden pa
sina kunder.|safall blir detdyrareattlanai banken vilket kan ge en [dgre BNP-niva pa lang
sikt. Att BNP kan minska arkopplattill att en 6kad kapitalkostnad i ekonominkan géraatten
del investeringarsomvarlénsamma tidigare slutarattvaradet pa grund avden hogre
kapitalkostnaden. Mindre investeringar minskar kapitalstocken palang sikt och darmed blir
produktionsnivan i ekonominlagre.

For attbilda oss en uppfattning om hur stor denna BNP-effekt kan tankas vara anvander
vi dels Riksbankens makroekonomiska modell RAMSES, dels en annan makromodell som mer
explicittar hansyn till banksektorn. Vara berakningarfokuserar pa hur ekonomin paverkas pa
langsikt.

Makromodellen med en banksektor ar hamtadfran lacoviello(2015) ochkalibreradtill
svenska forhallanden. | modellen finns ett kapitalkrav for banker vilket gor den sarskilt lamplig
for vara syften. For att utvardera effekterna av ett hogre kapitalkrav kan man dndravardet pa
kapitaltackningskraveti modellen och studera effekterna pa BNP. | linje med manga andra
studier bortser vifran den kortsiktiga effekten av hogre kapitalkravoch fokuserar pa effekten
nar ekonomin natten ny langsiktig niva.

RAMSES styrka i dethdar sammanhangetdr att modellen drsarskilt vdl anpassad foratt
studera den svenska ekonomin.1> Daremot finns detinte ett explicit kapitalkravisjilva
modellen. | stillet berdknas effekten av hogre kapitalkravindirektitva steg. | detforsta steget
skattas hur stor effekten blir pa bankernas |anerantor om man ékar kapitalnivan med en
procentenhet. Har anvander vimedelvardeti Tabell 3 ovan, dvs. 16 baspunkter.| detandra
steget 6kar vi lanerdntanl® i RAMSES for att studera de makroekonomiska effekterna palang
sikt. For en mer utforlig beskrivning av berdkningarna, se Appendix B.

Som framgar av Tabell 3 ger detva ansatserna ungefarsamma resultat. Omvi dkar
kapitalnivan med en procentenheti forhdllandetill de totala tillgdngarna berdknas deti bada
fall ge en marginellt lagre BNP-niva pa lang sikt (0,13 respektive 0,09 procentenheter). Bada
modellernaharolika for- och nackdelar. Vi later darforett genomsnitt av skattningarna

12 Om kapitalkostnaden exempelvis uppgar till 12 respektive 2 procent fér eget respektive lanat kapital och bolagsskattesatsen uppgér til
22 procent sa 6kar den genomsnittliga kapitalkostnaden med drygt 0,1 procent, eller 10 baspunkter, om lanat kapital ersitts av eget
kapital i en omfattning som motsvarar 1 procent av de totala tillgdngarna. Exemplet avser inte nagon specifik bank eller specifik
tidsperiod.

13 Se Firestone et al. (2017) fér en mer ingdende diskussion.

1] den har studien gor vi ingen bedémning avseende i vilken utstrickning detta kan véntas ske.

15 FSr en mer utforlig beskrivning av RAMSES, se Adolfson et al., 2013.

16 Mer precist uttryckt ar det lanemarginal men fér enkelhetens skull skriver vi laneréanta.



LAMPLIG KAPITALNIVA | SVENSKA STORBANKER —N YA P ERSPEK TIV

utgdra var basta bedomning av effektstorleken, vilket ar ett vanligt férekommande satt att
hantera modellosakerhet.

Tabell 4. Langsiktig effekt pa BNP av hogre kapitalkrav
Effekt pa BNP-nivan av att 6ka kapitalkravet med 1 procenti férhallande till totala tillgangar

Modell Experiment Effekt pa BNP-nivan pa lang sikt (%)
lacoviello(2015) | Ho6jning avkapitalkravet med 1 procentenhet -0,13
RAMSES Lanerantan okar med 16 baspunkter -0,09
Medelvirde -0,11

Anm. Se Appendix B fér en mer ingdende beskrivning av tabellen

Skattningarnaitabellen ovanindikeraratthogre kapitalkrav endast vantas haen
begransad effekt pa den langsiktiga BNP-nivan. | Appendix B jamforvivararesultat med
resultatfran studier somavser andra lander och anvander andra metoder.

Kriser medfor stora kostnader for samhallet

Bankkriser, och finanskriser mer allmént, ar mycket kostsamma for samhallsekonomin.
Darfor kan detvaraav stort samhallsekonomisktvarde att bankerna starker sin
motstandskraft motkriser genomatthélla en stérreandel eget kapital.

En vdaxande forskningslitteratur forsoker uppskatta samhallets kostnader for finansiella
kriser utifran historiska erfarenheter. Utifran mer omfattande analys somredovisas i
Appendix C ger vi har en kortredogorelse fér den forskningen. Darefter gor vi en samlad
bedémning avvad en bankkris skulle kosta fér Sverigei dag.l”

Det ar praxisi litteraturen att fokusera pa effekterna pa produktionen i ekonomin, detvill
sdga BNP-nivan. Men man bér komma ihag att BNP-effekten av en kris inte fangar alla
aspekter av hur en kris paverkarsamhallet. Hushalloch féretag drabbasi olika utstrackningi
en kris, till exempel genom attvissa foretag gar i konkurs medan andraklarar sig, eller att
vissa individerblirav med sinajobb nararbetslosheten 6kar. For deindivider som drabbas
hardasti en kris kan effekterna bli mycket langvariga, till exempel fér att deraslangsiktiga
forutsattningar pa arbetsmarknaden forsamras till foljdav en utdragen arbetsléshetsperiod
under krisen, eller for att deras foretag gari konkurs. Effekterna av finansiella kriser kan
dessutomkomma attbarasistorre utstrackningavmindre delar avettlands befolkning,
varfor valfardseffekterna kan bli betydligt storre an vad BNP-effekten antyder. Detta kan aven
bidra till Iangsiktiga politiska effekter med ytterligare negativa konsekvenser for samhéllet
(Bromhead etal., 2009).

| resten av analysen bortservi dock fran dessa aspekter av kriser och fokuserar pa
effekten pa produktion, detvill sdga BNP-nivan. Det matt somvi fokuserar pa drnuvardetav
attden framtida BNP-nivan blir lagre an vad som skulle ha varit fallet utan krisen. Vi hanvisar
till detta somden ackumulerade kostnaden for en kris.

Skattningarnaavden ackumulerade BNP-effekten av en kris skiljer sig at forhallandevis
mycket. Den stora variationen aterspeglar olika historiska erfarenheter, olika definitionerav
en kris ocholika antaganden om effekten pa langre sikt. Nar det galler effekten pa langre sikt
dr detav central betydelse om man beddmer att effekten av kriser ar permanenteller
overgaende. Det finns ilitteraturen ingen konsensus kring detta och bagge bedémningarna
forekommer.

Figuren nedan visartva hypotetiska exempel pa hur BNP kan utvecklasinnan, underoch
efter en kris. | detforsta exempletarkrisens effekter pa BNP-nivanévergaende. Det betyder
attekonomin efter krisen vaxer snabbare dn den langsiktiga trenden och pa sasatt
aterkommer till den ursprungliga tillvdxtbanan.| detandra exemplet ar den langsiktiga
tillvéxttakten opaverkad, men ekonomin aterhdmtarinte dettapp i BNP-nivan somféljtav
krisen genomeninitial periodav hogretillvaxt. | stallet for den ursprungliga tillvaxtbanan

17 Det kan inte uteslutas att bankernas kapitalniver dven paverkar kostnaden féren kris. Vi beaktar inte detta ianalysen utan bankernas
kapitalnivaer antas endast paverka sannolikheten for att en kris intraffar.

11



12 STAFF MEMO

GDP

hamnar ekonomin pa en parallell men lagretillvéxtbana och produktionen forblir Iagre varje
enskiltar dnvad den skulle ha varitutan krisen.

Figur 1. Tva principskisser avseende effekten av en kris
BNP-niva

—Trend ——Trend
===Trend after crisis

Crisis Time Crisis Time

Kalla: Fritt efter BCBS(2010)

| bada fallen uppkommer en samhéllsekonomisk kostnad fér krisen under varje ar som
BNP-nivan ligger under den ursprungliga tillvaxtbanan. Men i det forsta exempl et tillkommer
efter en tid inga ytterligare kostnader eftersom ekonomin helt aterhamtatsig.| detandra
exemplettillkommer en kostnad varje ar darefter, eftersom ekonomin inte nar tillden gamla
banan.Krisen innebar da ettavbrotti den ekonomiska utvecklingen somman aldrig tar igen.

Nuvardeskostnaden avkrisen, sett fran tidpunkten da krisen utbryter, motsvarar det
skuggade omradeti respektive diagram diskonterat med en |amplig diskonteringsranta. Att
framtida kostnader diskonteras aterspeglarattkostnadersom ligger |angre frami tiden ar
mindre betungande dn kostnadersom liggernarainpaitiden —ellerannorlunda uttryckt, att
manniskor brukar vardera konsumtion i dag hdgre an konsumtioni morgon.

| Tabell 5 sammanfattas resultaten franettantal studier som forsékt skatta den
ackumulerade kostnaden for en kris. Som framgarav tabellen stracker sig det skattade
medelvardet av den samhallsekonomiska kostnaden for en kris fran drygt 8 till drygt 300
procentav BNP.18 En anledningtill den férhallandevis stora spridningen i skattningarna ar att
tidsperspektivet skiljer sig at mellan studierna. Deflesta raknaruten ackumulerad kostnad
over tid, men i vissafall avses endast effekten under nagrafa ari samband med krisen. Ball
(2014) avser till exempel effekten under ett enda ar medan exempelvis Boyd etal. (2005)
ocksa innehaller berdkningar pa det diskonterade nuvardetav den ackumulerade kostnaden
med en oandlighorisont.

18 Dessa skattningar ar gjorda imanga olika studier som skiljer sig &t vad géller metodik, krisdefinitioner, tidshorisontsamt lander pé& vilka
studierna har gjorts.
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Tabell 5. Samhallsekonomisk kostnad for finanskriser
Procent av BNP

S Samhallsekonomisk kostnad Antagande om langsiktig
Medelvirde Min Max effekt pa BNP-nivan

Hoggarthet al. (2002) 16 0 122 Overgdende
Laeven och Valencia (2008) 20 0 123 Overgdende
Haugh etal. (2009) 21 10 40 Overgdende
Cecchettiet al. (2009) 18 0 129 Overgdende

Boyd etal. (2005)" 97 0 194 Overgdende

Boyd etal. (2005)* 302 0 1041 Permanent

BCBS (2010)* 19 0 130 Overgdende

BCBS (2010)™ 145 0 1041 Permanent
Haldane (2010) 268 90 500 Permanent

Ball (2014) * 8,4 0 35 Overgdende

Ball (2014) * 180 0 1035 Permanent

Anm. Tidsperspektivet skiljer sig 4t mellan de olika studierna. Effekten avser i de flesta av studierna ovan nuvardet av den ackumulerade
kostnaden, uttryckt som procent av BNP. Nagra av studierna raknar pa den ackumulerade kostnaden under endastnagra fa ar. Ball

(2014) avser effekten under ett enda ar. Dértill gor studierna olika antaganden om effekterna av en kris &r évergaende eller permanenta.

Studier som inkluderar skattningar med sdval 6vergdende som permanenta effekter markeras med " respektive “*beroende p3 viket
antagande som avses. Se Appendix Cf6r en mer ingaende beskrivning av tabellen

Eftersomvar studie avser kapitalnivaer for svenska banker ar vi i forsta hand intresserade
avden forvantadekostnaden for en bankkris i Sverige. Detfinns skalattvantasigatten
bankkris skulle fa férhallandevis stora negativa konsekvenser for den svenska ekonomin. |
Sverige har bankernaenstor rolliattformedlakreditertill bdade hushall och féretag. Bolan
vardepapperiserasintesa somi tillexempel USA, och foretagssektornfinansierarsigistorre
utstrackning via bankerna dn genomattemittera egna obligationer. Blandannat till féljd av
det, ar detsvenska banksystemetstorti forhallandetill ekonomins storlek. Dartill ardet
koncentreratoch sammanlankat. Dessutom har storbankerna en hég andel
marknadsfinansiering, varaven stor andel ari utlandsk valuta. Sammantaget goér detatt
banksystemet ar kansligt for storningar och att en bankkris skulle kunna fa betydande
negativa samhallsekonomiska effekter.

For attbilda oss en ungefarlig uppfattning omyvilka effekter en svensk bankkris kan ténkas
fa anvander vioss av den uppskattade kostnaden for den svenska bankkrisen i borjan av
1990-talet. Det finns visserligen faktorer somtalarfor att effekten skulle kunnavara bade
mindre och stérreidag, jamfort med 1990-talet. Aena sidan har Sverige idag flytande
vaxelkurs, starka offentliga finanser ochhargenomfért omfattande strukturreformer sedan
1990-talet som gér att ekonomin sannolikt har starkt sin motstandskraft motkriser. Aandra
sidanar banksektorn i dag betydligt storrei forhallandetillBNP, ca 350 procentidag mot 100
procenti borjan av 1990-talet.

En ytterligarefaktorsomtillkommitar resolutionsramverketsomar tankt atthantera
banker somfallerateller arnaraattfallera. Ett syfte med ramverket dr att 6ka
forutsattningarna attkunnahantera problemi en enskild bank, bland annatgenom att
omvandlaen del lanat kapital tilleget kapital. Resolutionsramverket ar emellertid oprovat
och det ar férsti nasta kris som vi kommer attkunna bilda oss en tydligare uppfattningomi
vilken utstrackning det kan lindra effekterna av en bankkris.

Boyd et al. (2005) uppskattar kostnaden for den svenska 1990-talskrisen, uttryckt som
nuvardetav attden framtida BNP-nivan blirlagre, till mellan 101 och 257 procentav BNP.
Den lagresiffran utgarfran antagandet att krisens effekter ar 6vergaende medan den hégre
siffran antaratt effekten ar permanent. Detéar inte uppenbartvilken av dessa skattningar som
ger battrevagledning om hur stor kostnaden blir foren svenskkris i framtiden. Pa grund av
denna osdkerhet, ochilinje med hur andra studier harhanteratsadan osdkerhet, bedomer vi
attett genomsnittav detva skattningarna skullevaraen tankbarkostnad for en svensk kris.
Vilandar dai 180procentav BNP raknatsom nuvardet av BNP-bortfallet dver tid.
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Tabell 6. Samhallsekonomisk kostnad for en svenskfinanskris
Procent av BNP

Kalla Kostnad i procent avBNP | Kommentar
Den svenska finanskrisen 1990-1994

Boyd etal. (2005), 101 Antar 6vergaende effekt pd BNP-nivan
Boyd etal. (2005), 257 Antar permanent effekt pd BNP-nivan
Medelvirde 180

Internationellt genomsnitt

Fender och Lewrick (2015) 100

Nuvérdeberakning gjord av Fender och

Ball (2014 180
all (2014) Lewrick (2015)

Anm. Den samhallsekonomiska kostnaden avser nuvardet det ackumulerade BNP-bortfallet till foljd av en finanskris. Se Appendix Cfor
en mer ingaende beskrivning av tabellen

Beddmningen atten svensk kris kan véntas kosta 180 procentav BNP dr nagothogrean
det internationella genomsnitt pa 100 procentsom beraknats av Fender och Lewrick (2015).
Men det finns omstandigheter som gor att effekterna av en bankkrisi Sverige sannoliktar
storredn detinternationella genomsnittet, till exempel den svenska banksektorns storlek och
struktur. En kostnadpa 180 procent av BNP kan ocksa sattasi relation till den skattade
kostnaden av den senaste finanskrisen enligt Ball (2014)som ber&knar att finanskrisen gett
en 8,4 procentlagre BNP-niva i genomsnitt bland OECD-lander. Om man antaratt effekten ar
permanentoch berdknarnuvéardetav detta sa blirkostnaden for en kris 180 procent (se
Fender och Lewrick, 2015), detvill siga en kostnad som motsvararvarbedémning for
Sverige.

Eget kapital minskar sannolikheten foér en kris

Som vi skrivit ovan sa minskar sannolikheten for en bankkris om bankerna har mer eget
kapital somkan utgora en bufferti handelseav stora ovantade forluster. Detar vardefullt
eftersom bankkriser kanmedfdra stora kostnader for samhallet. Nastasteg ar darfor attbilda
oss en uppfattning om hur mycketrisken for bankkriser minskar om man héjerkapitalnivani
bankerna. For att bedoma detta anvander vitva olika modeller. Den forsta modellen &r en
standardmodell fér kreditrisk, den sa kallade Merton-modellen ("Modell 1”). Den andra
modellen utgadr ifran bankernas historiska forluster for att skatta sannolikheten for riktigt
stora forluster ("Modell 2”). Har ger vi en kortfattad beskrivning av hur viharraknat. Mer
ingdende beskrivningarav modellerna aterfinnsi Appendix D (Modell 1) och Appendix E
(Modell 2).

De tva modellerna skilier sig at men bygger pa samma grundidé. Bankerna har tillgangar
vars marknadsvarde varierar 6ver tid. Omvardet pa en banks tillgdngar understiger en viss
niva safarbanken allvarliga problem eftersomrisken blirstoratt skuldernainte kan
aterbetalas med vardeti tillgdngarna. Oavsett var man | dgger den kritiska nivan dar bankerna
far problem gor en hogreandel eget kapitaliutgangslaget att banken far en storre fallhojd till
den kritiska nivan. Darmed &rrisken mindre for att banken far problem. Grundidén illustreras
i Figur 2 nedan.
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Figur 2. Principskiss for kreditrisk
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Ett viktigtantagande arvid vilken kritisk nivd som bankernakan vantasfaallvarliga
problem. En bank kan ansesvara insolventomvardet pa tillgdngarna arlagre an skulderna.
Men historiskerfarenhettalarfor att banker kanfa allvarliga problem dven narde
fortfarande ar solventa. Bankregleringen reflekterar detta genom att stalla minimikrav pa
bankers kapitaltackning. Till exempel kanbankerfa problem med sin likviditet som foljd av att
en banks upplanade medel normalt forfaller till betalning innan den har fatt tillbaka sina
utlanade pengar. Banken maste darmed fornya sinfinansiering flera ganger under lanens
|6ptid. Ominvesterareifragasatter bankens aterbetalningsférmagavidnagotav dessa
tillfallen kan banken tvingas finansierasigtill en hégre kostnad eller sa kanden kanskeinte
fornya finansieringen alls. Banken riskerar alltsa att bliillikvid. Detkani sintur gora att banken
tvingas saljatillgangarsnabbt vilket kan pressatillgdngarnas marknadsvarde. Eftersom
bankernai hoggrad drexponerade motsamma typ av tillgangar kan da dven andrabankers
balansrakningar forsvagas. Det kan forstarka den negativa spiralen, en sa kallad fire sale-
problematik (Schleifer och Vishny, 2011).

En tankbar kritiskniva for eget kapital &rom en bank har avverkatstoradelaravsina
kapitalbuffertaroch bryter, eller arnara att bryta mot kapitaltackningsreglerna. Banken
riskerarda attforlorasitttillstdnd ochkan ténkas fa svarigheter att finansierasig eller
forsattasiresolution. Det finnsinga generella bestd mmelservidvilken niva banker forsatts i
resolution. lden har studien véljervi att schablonméssigt anta att den kritiska nivan ar1,5
procentav detotala tillgdngarna. Detta schablonvarde skainte uppfattas somen tolkning av
tillsynsmyndigheternas kriterier. Dartillantar vi for berakningen med Modell 2 att den kritiska
nivan sattstill tre procent.1® Vi testar ocksd, som beskrivs ovan, en kritiskniva vid 0 procent,
det vill sdga narbanken ar insolventi meningen atttillgangarnadrmindrevarda an skulderna.

Nar vi skattar hurhogre kapitalnivaer forvantas paverka risken for en bankkris ardet
viktigt att komma ihag att de samhallsekonomiska kostnaderna for en bankkris inte
nodvandigtvis ar unikt koppladetill atten bank blirinsolvent. Banker som till exempel forlorar
en del avsitt eget kapital kan prioritera att dterstilla sina kapitalnivaer genomattsnabbt
minska sin utlaning eller kraftigt 6ka sinalanemarginaler. | bada fallen riskerar bankens
agerandeattddampa badeinvesteringaroch konsumtionoch déarmed forvarra
lagkonjunkturen. Lainder med valkapitaliserade bankertenderarattklara kriser battre (Jorda
etal,2017).Enforklaringtilldetta &r sannolikt att den penningpolitiska transmissionen
fungerar battreombankernaharen stérre andel eget kapital (Gambacorta och Shin, 2016).

9 Inte heller det ska uppfattas som en bedémning fér nar en bank kan sattas iresolution.
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Dessa faktorer talarfor attdet kan vararelevantatt beakta hogre kritiska nivaerfor detegna
kapitaletan desomraknas frami denna studie.

Modell 1 - standardmodell for kreditrisk

Den forsta modellen somvi anvander foratt bilda oss en uppfattning om hur mycket
risken for bankkriser minskar om man hojer kapitalnivan i bankerna ("Modell 1”) &ren
standardmodell for kreditrisk baserad pa Merton (1974). Utgangspunkten ar atten hogre
andel eget kapitaliutgangslaget ger banken stérre marginal for variationer i marknadsvardet
av bankens tillgangar innan det narmar sig eller faller under en viss kritisk niva. Variationen i
marknadsvardet for ett foretags tillgangar, den sa kallade volatiliteten, kan i mangafallinte
observeras. Modellen hanterar detta genom att utga ifranaktievolatiliteten, somkan
observeras omettforetags aktier handlas pa den 6ppna marknaden, for att skatta
volatiliteten i tillgangsvardet.

Modellen utgar enligt gdngse metod fran ettantal férenklande antaganden, och har
diarmed vissa begrdnsningar.2? En av dessa begransningar dratt modellen behéver skattas
utifran historisk aktievolatilitet samt att data endastavser de fyra svenska storbankerna?!
under perioden 1997-2016. Detta riskerar att underskatta den langsiktiga sannolikheten for
en bankkris av atminstone tva skal. For detforsta varierar volatilitet 6ver tid och det ar l1angt
ifran sakertatt den historiska volatiliteten ar en bra indikation for volatiliteten i framtiden.
Om den framtida volatiliteten dr hégre &n genomsnittet under den studerade perioden
kommer modellen att underskatta sannolikheten for en bankkris. For detandra omfattar den
studerade perioden inte de mestallvarliga bankkriser som Sverige har genomgatt, exempelvis
bankkrisen i borjanav 1990-talet. Bada dessa faktorer talarfor att modellen sannolikt
underskattar risken for en kris.

Ju hogre volatilitet, desto storre sannolikhet for en bankkris eftersomett tillgangsvarde
somvarierarmycket|6per storrerisk att vid nagottillfalle varasa passlagtattdet understiger
en kritisk niva. For attillustrera kdnsligheten fér den historiska volatiliteten skattas modellen
utifrén treolika nivaer pa volatilitet: genomsnittlig, hég och mycket hdg.22 Vilken nivé som ger
den basta vagledningen omvolatiliteten i framtiden kan modellen inte bedéma. Daremot kan
man konstatera att den studerade perioden 6verlag praglats av mattlig volatilitet och att
volatiliteten i framtiden mycketval kantdnkasvarahogre.

For attg6ra en koppling mellansannolikheten for atten enskild bank farproblem och
sannolikheten for att en bankkris utbryter antarvi att en bankkris utbryter om vardet pa
tillgangarna faller sa pass mycket att det egna kapitalet kommer att understiga den kritiska
nivan (somvi enligt ovan i denna modell antar ar1,5 eller 0 procent) fornagon av defyra
storbankerna. Detar en férenkling men vanligt féorekommandei litteraturen och inte orimligt
med tanke pa attde svenska storbankerna drnarasammanlankade bland annat genomattde
dger varandras vardepapper. Utover detkan enkris ien bank skapaen kris ocksdi andra
banker genomattderas langivare och insattare forsoker ta utsina pengaren sa kallad “bank
run”.Samma antagande gors i exempelvis Sveriges riksbank (2011) ochi en bankkrismodell
framtagen av Bank of England (se BCBS, 2010, s.42). Det kan dock inte uteslutas attjust detta
antaganderiskeraratt dverskatta sannolikheten for en bankkris. Mot det ska stallas attvi
skattar modellen utifran de historiska korrelationerna for de fyra storbankerna. Eftersom
korrelationerna historiskt harvarit starkarei oroliga tider minskar betydelsen av detta
antagande.

Nedan redovisas sannolikheten fér en bankkris nar modellen skattas utifran historisk
volatilitetunder desenaste 20 dren. | Diagram 3 visas tva exempel dar modellen skattas

20 vj antar att féretaget bara har en sorts Bnat kapital och att kapitalmarknaderna fungerar helt friktionsfritt, det vill siga det
forekommer inga skatter, transaktionskostnader eller andra hinder. | verkligheten har banker en méngd olika former av [anat kapital och
en betydande del av finansieringen &r pa korta |6 ptider, vilket skapar likviditetsrisker som inte beaktas i modellen. Darmed und erskattar
modellen sannolikt risken fér attbankerna far problem. Vidare antar vi i modellen att en bankendastfar problem om marknadsvérdet
understiger den kritiska nivani slutet av den tidsperiod som skattningen avser, det vill séga i slutet av aret. Om marknadsvardet
understiger den kritiska nivan under aret men dérefter aterhdmtar sig antar vi alltsa att banken inte far problem. Darmed underskattas
sannolikheten for att en enskild bank far problem.

21 Med storbankerna avses har Nordea, SEB, SHB och Swedbank.

22 Nivierna motsvarar 50:e, 75:e respektive 90:e percentilen i den observerade volatiliteten 1997-2016. Se Appendix D fér en mer
ingdende beskrivning.
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utifran antaganden om dels genomsnittlig vol atilitet och en kritisk niva for eget kapital satt till
0 procentav totalatillgangar (bla linje), dels mycket hog volatilitet och en kritisk niva pa 1,5
procent (rod linje). Pa x-axelnvisas kapital i procent av totala tillgdngar och pay-axelnden
skattade sannolikheten for en bankkris. Den bla linjen visaratt redan vid kapitalnivaer kring
tva procentav totalatillgangar sa ar sannolikheten for bankkris forhallandevis liten (omkring
fyra procent) for att sedan i princip g&@ motnoll kring nivaer dver tre procent kapital, under
forutsattning att marknadsvardet pa tillgangarnaalltsa inte varierar sa mycket. Den réda
linjen, somalltsa utgarfran en mycket hég volatiliteti vardet pa tillgangarna, visarattvid
kapitalnivaer kring tva procent dr sannolikheten fér bankkris forhallandevis hég (cirka 50
procent) och attsannolikheten sedan faller i takt med att kapitalnivaerna dkar.

Diagram 3. Sannolikhet for en bankkris pa ett ars sikt med Modell 1
Sannolikhet vid olika kapitalnivaer, i procent

60

50 1\

30 \\

20 \
} \\\
0 \~_
2 3 4 5 6 7 8

— 0 % Genomsnittlig volatilitet
— 1,5 % Mycket hog volatilitet

Anm. P3 x-axeln visas kapital iforhallande tilltotala tilgangar och pa y-axeln sannolikhet for en bankkris.
Kalla: Riksbanken

| tabell 7 nedan sammanfattas samma informationsomi diagrammet ovan men for sex
olika kombinerade antaganden om en banks volatilitet och kritisk ka pitalniva. | tabellen
framgar attsannolikheten for krisiregel arhogre med ett antagande om en kritisk ka pitalniva
pa 1,5 procentav totala tillgangar jamfort med O procent. Dartillframgaratt den volatilitet
somlegattill grund for berdkningarna ar avgérande for hur sannolikt det ar med bankkrisi
meningen attju hogre volatilitet desto storre arsannolikheten for bankkris.
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Tabell 7. Sannolikhet for bankkris med Modell 1

Sannolikhet vid olika kapitalnivaer i procent

Kritisk niva 0 % Kritisk niva 1.5 %
Volatilitet Volatilitet
Genomsnittlig Hog Mycket hog | Genomsnittlig Hog Mycket hog
2 4,06 13,12 25,61 35,54 45,61 53,66
3 0,40 3,79 12,66 9,89 21,55 34,16
4 0,02 0,79 5,25 1,40 7,34 18,41
5 0,00 0,12 1,82 0,10 1,80 8,34
6 0,00 0,01 0,53 0,00 0,33 3,16
7 0,00 0,00 0,12 0,00 0,04 1,00

Anm. Den forsta kolumnen avser kapitalnivan uttryckt som eget kapital i forhallande till totala tillgangar, i procent.
Kalla: Riksbanken

Modell 1 ar en standardmodell som pa ett teoretiskt satt hanterar problemet med attvi
inte kan observera marknadsvardet pa ettféretags tillgangar. Men som ofta ar fallet med
modeller ar den kanslig for vilkaantaganden man gér ochdetar en 6ppen fraga ivilken
utstrackning den ger god vdgledning om sannolikheten fér en kris.

En jamforelse av skattningarna ovan, somvi gjort med Modell 1 utifran de senaste 20
arens data, med en langretidsserie 6ver kreditférluster i det svenska banksystemet tyder pa
att modellen kan underskatta risken for en bankkrisi Sverige. Som framgarav Diagram 4
kdannetecknas bankernas historiska kreditforluster avlanga perioder med férhallandevis sma
forluster varvat med mindre vanliga men vasentligt storre forluster, motsvarande tretill fyra
procentav detotala tillgdngarnaunderettar. Dessutomtenderarar med mycketstora
kreditforluster attfoljavarandra. Vid tretillfdllen under de senaste 100 aren uppvisar
banksystemet kreditférluster motsvarande cirka 6 till 9 procentav de totalatillgdngarna
under en tredrsperiod. Detta innebératt sannolikheten for mycket stora forluster 6kar
betydligt nar tidshorisonten dr langreanen ettar. Detdr ocksa viktigtattkomma ihdgatt
denna data avser banksystemetsom helhet. Enskilda banker harunder samma period gjort
storreforluster.

Diagram4. Kreditforlusteri det svenska banksystemet 1870-2008
Kreditférluster som andel av totala tillgdngar i procent

9

8

N\

O O N S O 0O 0 O N O O P N L O
N?;\N%%%Q'\r’\/%’bvq‘ob’\q%QQ'\/

—— Kreditforluster/Tillgangar, 1 ar
—— Kreditforluster/Tillgangar, 3 ar

Anm. 1 &r och 3 ar avser historiska forluster pa ett respektive tre ars sikt.

Kalla: Hortlund (2005) och Riksbankens egna berakningar
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Modell 2 — skattning av sannolikheten for férluster utifran bankernas historiska férluster

Som kontrasttill Modell 1 skattarvi aven en alternativ modell (Modell 2) somi hogre
utstrackning tar hansyntill hur bankernas historiska kreditférluster har sett ut.

| Modell 2 representeras banksystemet som en enda bank, detvill sdga vilaggerihopalla
bankers tillgangar respektive skulder. Vi antar ocksa attdenna bank gér en vinst fére
kreditférluster somar konstanti forhallandeftill tillgangarna samtidigt som dess
kreditférluster varierar 6ver tid.23

Tidsserien i Diagram 4 tyder pa attsannolikheten for stora forluster artamligen hog. |
termer av sannolikhetsfordelningar ardet alltsa en fordelning med “tjocka svansar”, det vill
sdga med hogre sannolikhet for extrema utfall &n normalférdelningen. Det dr darfor troligen
missvisande att beskriva de historiska forlusterna med en normalférdelning sominnebaratt
mycket daliga utfallinte skulle vara sarskilt sannolika. | Modell 2 antar vidarfératt
kreditforlusterna har en statistisk férdelning med férhallandevis hég sannolikhet fér mycket
daliga utfall, en sa kallad halv t-férdelning. For en mer ingdende beskrivning se Bilaga E.

Diagram 5 illustrerar den skattade sannolikheten for en bankkris enligt Modell 2.
Diagrammetvisarsannolikheten for en bankkris pa ettars sikt vid olika kapitalnivaer. Vi har
skattat modellen dels utifran historiska forluster pa ettars sikt, somvi ocksa gjorde i Modell 1,
men ocksa pa treadrssikt for attta hansyn tillatt ar med stora forluster tenderar att félja pa
varandra. Liksom for Modell 1 har vi skattat med en kritisk niva for eget kapital pa
O respektive 1,5 procentav detotala tillgangarna. Utéver det skattarvi ocksa Modell 2 med
en kritisk niva pa tre procentav detotalatillgangarna. Det senare motiveras av att modellen
avser forluster for banksystemet som helhet och att den kritiska nivan ska tolkas som ett
genomsnitt. Enskilda banker kan ddremot ha avsevarthogre forluster an genomsnitteti ett
stressatlage och kan darférhamnai krisinnan genomsnittet natt den kritiska nivan. Somvi
argumenteratfor ovan kandetrackamed atten bank hamnarikris for att hela banksektorn
ska gora detsamma. Det gor det|ampligt atthoja den kritiska nivan nagot for att kompensera
for risken att vi underskattar sannolikheten for en bankkris. Det ska dock inte tolkas som en
bedémningav nar en bank kanséttasiresolutionfér attden anses falleraeller varandraatt
fallera. Somjamfarelseinkluderarvi dven en skattningav modellen dar viantaratt
kreditforlusterna ar normalfordelade (morkblalinjenaranoll).

Precissomi Modell 1 faller sannolikheten for en bankkrisi takt med att kapitalnivaerna
Okar.Sannolikheten for en bankkris ar hégre juhdégre den kritiska nivanséatts (somandel av
totala tillgangar) samthogre narsannolikheten raknas pa treari stallet for ett (se Diagram 5
och Tabell 8).

23 Detta antagande &r viktigt fér att kunna berékna i vilken utstriackning férluster under en kris kan tickas utav lépande vinster. |
praktiken &r vinsterna inte konstanta. Ett satt for banker att hantera stora forluster ar att 6ka sina marginaler gentemot hushalloch
foretag. Om bankerna 6kar sina marginaler i en djup lagkonjunktur riskerar det dock attforvarra det ekonomiska laget.
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Diagram 5. Sannolikhet fér en bankkris pa ett ars sikt med Modell 2
Sannolikhet vid olika kapitalnivaer i procent
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= Normal, 0 % 0%, 3ar

- 0%, 1ar — 1,5%, 3 ar
15%, 1ar —— 3%, 33ar
3%,1ar

Anm. Normal avser ett antagande om normalférdelning. Procentsatserna i legenden avser olika kritiska nivaer for eget kapital. 1 &r och 3
ar avser historiska forluster pa ett respektive tre ars sikt.

Kalla: Riksbanken

Tabell 8. Sannolikhet i procent for bankkris med Modell 2 for olika kapitalnivaer

Sannolikhet vid olika kapitalnivaer, i procent

Ett ars horisont Tre ars horisont
Kritisk niva for eget kapital Kritisk niva for eget kapital
0% 1,5% 3% 0% 1,5% 3%
3 0,61 1,48 9,59 0,83 1,47 3,45
4 0,40 0,78 2,29 0,61 0,98 1,88
5 0,29 0,49 1,04 0,48 0,71 1,19
6 0,22 0,34 0,61 0,38 0,54 0,83
7 0,18 0,25 0,40 0,31 0,42 0,61

Anm. Den férsta kolumnen avser kapitalnivdn uttryckt som eget kapital i forhallande till totala tillgangar, i procent.
Kalla: Riksbanken

Som framgar av Diagram 5 ovan medfor anvandning av Modell 2 hégre sannolikhet for
bankkris jamfort med Modell 1 vid hogre kapitalnivaer. Detta beror framfor allt pa att Modell
2 ar skattad utifran en lang tidsserie somtacker in flera historiska finanskriser medan Modell
1 skattats med data fran en kortare period dar kreditférlusterna varit forhallandevis laga.

Samhallsekonomisk nettobehallning av hogre kapitalnivaer

Avslutningsvis lagger visamman de berdkningar som beskrivits i tidigare avsnitt for att
bilda oss en uppfattning omvad som kan vara en samhaéllsekonomiskt val avvagd kapitalniva
for svenska storbanker.

Som beskrevs tidigare ger hogre kapitalnivaer en samhallsekonomisk vinst genom att
minska sannolikheten fér kostsamma bankkriser. Samtidigt finns det en kostnad fér hogre
kapitalnivaer genom att BNP-nivan blirldgre ndr bankernas utlaning blir dyrare. Samhallets
nettobehallning av att hdja kapitalnivaerna ardarfor vinsten minus kostnaden. Genom att
marginellt 6ka kapitalnivaerna kan man berdkna hur den samhallsekonomiska
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nettobehallningen utvecklas narman tillforytterligare kapital. For att detska vara
samhallsekonomiskt|6nsamt att hoja kapitalnivan behéver den forvantade vinsten dverstiga
den forvantade kostnaden.

Hur rdknar man ut den samhillsekonomiska nettobehallningen?

| tabell 9 ger vi tre stiliserade exempel pa hur kostnadoch vinst kan férhalla sigtill
varandrafor attillustrera hur den samhallsekonomiska nettobehallningen raknas samman.

Om bankens egna kapital vid nagon viss niva hojs med 1 procentenhet sa minskari detta
exempel sannolikheten for en kris med 1 procentenhet. Om kapitalnivan darefter hojs med
ytterligare 1 procentenhet minskarsannolikheten for en kris med 0,5 procentenheter till.
Hojer man darefter med ytterligare 1 procentenhet minskarsannolikheten med ytterligare
0,1 procentenheter (se kolumn a). Kostnaden for en kris anges i kolumn (b). Med
utgdngspunkti detta kanman genomatt multiplicera (a) med (b) fa framden férvantade
vinsten per ar av att 6ka kapitalnivan med 1 procentenhet. Vinsten anges i kolumn (c) och
motsvararalltsa minskningen i sannolikheten fér en kris multiplicerat med kostnaden for en
kris.2*

Samtidigtinnebar en hogre kapitalniva en kostnadi och med attdetblir nagot dyrare for
hushall och foretag attlana avbanker, och den kostnaden anges i kolumn (d). Skillnaden
mellan den férvantade vinsten av en hégre kapitalniva och kostnaden for densamma ger den
samhallsekonomiska nettobehallningen i kolumn (e).

I tabell 9 framgarattkostnaden fér en krisantas vara 180 procent av BNP. Samtidigt vet vi
frantidigareavsnittatten h6jning av kapitalnivanmed 1 procentenhet kan vantas medféra
attbankerna 6karsina utlaningsrantornagotvilketi sin tur kange en nadgotlagre BNP-niva pa
lang sikt. Med utgédngspunkti de berdkningar somredovisats i tidigare avsnitt blir den
samhallsekonomiska behallningen av den forsta hojningen av kapitalnivan i exemplet 1,69
procentav BNP, setabell 9. Den samhallsekonomiska nettobehallningen ar positiv, det vill
sdga vinsten Overstiger kostnaden, i allatrefall.

Tabell 9. Exempel - Nettobehallningav att 6ka kapitalnivan med 1 procentenhet
Sannolikhet per &r och vinst och kostnad som procent av BNP

Okning av Minskning av Kostnad | Forvintad
bankernas eget likhete foren vinst Kostnad Samhallsekonomisk
kapital som :;:-‘:: ll(ris n kris (a)x(b) (procent | nettobehallning (c)-
andel av totala TeEea i = (procent | (procent av BNP) (d) (procent av BNP)
tillgangar av BNP) av BNP)

(a) (b) (c) (d) (e)
1 procentenhet 1,0 180 1,80 0,11 1,69
Ytterli 1
pm:;fz;iet 0,5 180 0,90 0,11 0,79
pt::g:fg;i:t 0,1 180 0,18 0,11 0,07

Kélla: Egna beradkningar

Hojning av kapitalnivan minskar risken for kris

Fraganardavadsomar den optimalakapitalnivan. Fér attraknafram denna soker vi
efter hogsta mojliga kapitalniva somvid en ytterligare 6kning av kapitalnivan ger en positiv
samhallsekonomisk nettobehallning (e) i Tabell 9. Detta gors i olika steg.

| ett forsta stegraknarvifram ettsa kallat troskelvarde som ger brytpunkten efter vilken
detinteldngrearlonsamtatt hojakapitalnivan. Troskelvardet berdknas genom att vi
dividerarkostnaden for en hégre kapitalniva (kolumn di Tabell 9) med kostnaden foren kris
(kolumn b).

24 Notera att nyttan ges av minskningen i sannolikheten fér en bankkris p& ett ars sikt, multiplicerat med kostnaden av en kris som &r ett
nuvérde av framtida kostnader. Detta aterspeglar att kriser antas resultera i en permanent lagre BNP-niva varje gang de intraffar. Anta
att man kunde betala en premie for att med sakerhet undvika kriser under ett ars tid. Under antagande om riskneutralitet ar det vart att
betala premien sa lange den inte Gverstiger sannolikheten for att en kris intraffar under det aret multiplicerat med nuvérdet av en kris.
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| ett andra steg kan visedan undersdka hur olika kapitalnivaer paverkar sannolikheten for
en kris (a). Som namnts ovan minskar sannolikheten fér en kris med varje hojning av
kapitalnivan, men effekten blir mindre juhogre kapitalniva viredanhar. Omden positiva
effekten av att hoja kapitalnivan harblivit mindre dn tréskelvardet &r detintelangre
samhallsekonomiskt|6nsamt att fortsatta hoja kapitalnivan. Den samhallsekonomiska vinsten
ardaalltsalagre an kostnaden och darmed blir detingen nettobehallning.

Vi hari etthuvudscenario berdknat troskelvardet utifran bedomningarna av kostnaden
for kris respektive kostnaden for 6kade kapitalkrav pa 180 procent respektive 0,11 procent
somredovisatsitidigare avsnitt och som aterges i Tabell 9 .2° Vi har ocksa skattat sambandet
mellan en 6kning avkapitalnivan ochsannolikheten for atten kris intraffar med hjalpav
Modell 1 och Modell 2.26 | Diagram 6 jamférs dessa varden. De olika kurvorna utgor
skattningarfor olika antaganden. | diagrammets forklaring refererar0, 1,5 samt 3 procent ill
den kritiska niva vid vilken en kris antas utbryta. 1 ar respektive 3 ar refererartill
tidshorisonten for forlusterna utifranvilka modellen harskattats och Medel, Hog, res pektive
Mycket hog refererar till antaganden om vol atiliteten.?”

Skarningspunkterna mellan troskelvardena och de olika sannolikhetskurvorna visar vid
vilken kapitalniva detar |ampligt att h6ja med ytterligare en procentenhet men inte mer an
sa.Den lampliga kapitalnivan, beroende pa antaganden, ges alltsa av kapitalnivan vid
skarningspunkten 6kat med en procentenhet.

Diagram 6. Effekten av hogre kapitalnivaer pa sannolikheten for kris for olika antaganden
Minskning av sannolikheten per ar for en kris i procentenheter

0,5

0,4

0,3 H

0,2 \

01 I\

—— Modell 2,0%, 1 ar
Modell 2,3 %, 3 ar
Modell 1, 0 %, Genomsnittlig volatilitet
= Modell 1, 1,5 %, Mycket hog volatilitet
Troskelvarde 1
Troskelvarde 2

Anm. Procentsatserna i legenden avser olika kritiska nivaer foreget kapital. 1 och 3 &r avser att berdkningarna bygger pa historiska
forluster pa 1 respektive 3 ars sikt.

25 0m kostnaden fér en kris &r 180 procent av BNP och kostnaden fér att bankerna ékar sina lanerantor &r 0,11 procent (paverkan pé
BNP) blir tréskelvardet 0,11/1,8, det vill siga cirka 0,06 procentenheter.

26| Appendix D och Appendix E redogérs for 12 olika specifikationer av Modell 1 och 2 som ligger till grund fér berdkningarna. Har
illustreras endast ett urval isyfte att visa pa spridningen i resultaten. Var bedémning &r att samtliga skattade varianter &r relevanta och
syftet med urvalet ar att dels illustrera kansligheten forantaganden och fanga ytterligheterna givet de antaganden som gors.

27| det férra avsnittet beskriver ssmbandet i termer av nivan pd sannolikheten fér en kris och nivan fér bankernas eget kapital. Har
beskriver vi samma samband men uttryckt i hur mycket sannolikheten foren kris vid en given kapitalniva minskar nar kapitalnivan 6kar
med en procentenhet.
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Kalla: Riksbanken. Se Bilaga D och E for en mer ingdende beskrivning

| diagrammet illustreras ocksa ett alternativt troskelvarde (troskelvarde 2) som ér
framraknat utifran ettalternativt scenario somantaren hogre kostnad for en kris och en lagre
kostnad for hogre kapitalnivaer. Kostnaden for en kris antas i detta alternativa scenario vara
257 procentav BNP i nuvardestermer, vilket motsvarar den hogre skattningen for den svenska
1990-talskrisen i Boyd et al. (2005). Detta hogre antagande motiveras av att den svenska
banksektorn under de senaste decennierna har vuxit kraftigt i férhallande till BNP, blivit mer
sammanlankad och 6katsitt beroende av marknadsfinansiering. Som férklarades ovan arden
uppskattade kostnaden for en kris dessutom kdnslig for valetav diskonteringsranta. Om man
tar hansyn till nu aktuella bedémningar av nivan pa de langsiktiga rantorna kan det vara
motiverat att nuvardesberakna framtida valfardsforluster med en lagre diskonteringsranta.
Med lagre diskonteringsranta blir vardet av framtida inkomster stérre och darmed blir
valfardsforlusten av kriser storre. Dartill antas kostnaden for 6kade kapitalnivaer vara halften
sa storai detalternativascenariot jamfort med huvudscenariot. Det motiveras bland annat av
attvar kostnadsberakning ar baserad pa tva olika modeller varavden ena inteinkorporerar den
sa kallade Modigliani-Millereffekten. Detta innebar att det kan finnas en tendens att
overskatta kostnaden. Dessutom kan foretag tankas finansierainvesteringar pa andraséattan
genom att lana av banker. Badadessafaktorer talar for att effekten pa investeringar och BNP
kan bli mindre an i huvudscenariot.

En lamplig kapitalniva ligger iintervallet 5-12 procent

Varjefallandelinjei Diagram 6 visar hur mycket ytterligare en procentenhet kapital
minskarsannolikheten for en kris skattat med Modell 1 och Modell 2 fér olika antaganden
om volatilitet, tidshorisont och kritisk niva. Varje skarningspunkt mellan defallande kurvorna
och de horisontellalinjerna (troskelvardena)indikeraren kapitalniva dar detar lampligt att
hoja med ytterligare en procentenhet men inte mer dnsa, for en given uppsattning
antaganden. Deolika skdrningspunkterna bildar darmed tillsammans ettintervall av
kapitalnivaer férolika antaganden. Genomattlagga till en procentenhet till var ochen av de
kapitalnivaer dar linjerna korsar varandra kommer vi fram till ettintervall for vad som kan
téankas vara en lamplig kapitalniva.

Alla skdrningspunkter ligger i ettintervall mellancirka4 och 11 procentkapital i
forhallandetill totala tillgangar. Den mest forsiktiga skattningen finneralltsa attdetar
I6nsamtatt héja med ytterligare en procentenhet franen kapitalniva pa omkring 4 procent
till en niva pa omkring 5 procent. Samtliga skattningartalar med andraord foratten val
avvagd kapitalniva ligger pa omkring 5 procent el ler mer. De 6vriga skattningarna tyder pa att
det dr samhillsekonomiskt I6nsamt atthéja dven vid hdgre nivaer. Aven vid en kapitalniva pa
11 procentkan detvara ldnsamtatthdja med ytterligare en procentenhettill 12 procent.

Sammanlagtvisar vara berakningar alltsa att en |amplig kapitalniva fér svenska banker
liggeriintervallet 5-12 procent av totala tillgangar.

Manga andrastudier visar liknande resultat

Flera nyarestudier finner stod foratt det kan vara samhallsekonomiskt motiverat med
kapitalnivaerilinje med vara resultat. Firestoneetal. (2017) gar exempelvis till vdga pa ett
liknandesattsomi den haranalysen ochkommer framftill liknande kapitalnivaer for bankeri
USA. Dagher et al.(2016)finner utifran paneldata fran ett stortantal lander 6ver langtidatt
kapitalnivaer pa 8-13 procentav bankernas totalatillgangar skulle ha varit tillrackligt for att
kunna undvika merparten av de bankkrisersomdgtrumi dessaldnder sedan 1970.28
Exempel pa andra studier som ocksa konstateraratt det kan vara samhallsekonomiskt
motiverat med hogre kapitalnivaer ar Fender och Lewrick (2016), Bair(2015), Calomiris

28 Definitionen av att undvika en kris i Dagher et al. (2016) & i huvudscenariot att bankerna har 1 procent eget kapital (i forhallande till
total tillgangar) kvar efter kreditforluster under ett givet ar. | ett alternativscenario sitter de denna sikerhetsmarginal till3 procent
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(2013), Federal Reserve Bankof Minneapolis (2016) och Admati och Hellwig (2013).2° Andra
studier kommer framtill lagre nivaer. En av anledningarnatill detta ar attman valtattanta
attkostnaden for en kris blirlagre, se exempelvis Brooke etal.(2015), med motiveringen att
det nya resolutionsramverket kan forvantas minska kostnaden. En annan orsak till att
skattningarnaarlagrear attde avserriskviktade kapitalnivaeri andraldnder. Eftersom
riskvikternai Sverige arjamforelsevis |aga dardetsvartatt overfora dessa resultat till svenska
forhallanden.

Avslutande kommentar

Att berdkna en lamplig kapitalniva drbehaftat med stor osdkerhet. Berakningarna kan
gbras pa mangaolika satt och vilket man dnvaljer arresultaten kansliga for modellval och
antaganden.

Med var ansats,somi hoggrad foljer metoder som anvantsiflera tidigare studier, och
med vara antaganden, dr det samhallsekonomiskt Ionsamt med kapitalnivaeri intervallet 5-
12 procentav en banks totalatillgangar. Det kan inte uteslutas att en samhallsekonomiskt val
avvagd niva ligger 6ver ellerunder detta intervall. Vara resultat visar hogre kapitalnivaer an
deiriksbanksstudien fran 2011 och detta aterspeglarbland annat att kunskapslaget
utvecklats. Resultatetari linje med flera nyare studier.

For narvarandefinns detingetkrav pa bruttosoliditet for svenska banker. Bankernas
bruttosoliditet matt som eget kapital i férhallande till totala tillgdngar harfallit 6ver tid och
ligger nu kring fem procent. Berdakningarna visar att det kan vara samhallsekonomiskt
I6nsamt med hogre kapitalnivaer andesomdesvenska storbankerna harfér narvarande.

29 studierna argumenterar fér foljande nivaer: Fender and Lewrick (2016): 4-5 %; Bair (2015): 8 %; Calomiris (2013): 10 %; Federal
Reserve Bank of Minneapolis (2016): 15 %; Admati och Hellwig (2013): 20-30 %.
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Appendix A - Do higher capital requirements
affect lendingrates?

Cristina Cella

Introduction

In this memo, we discuss whether raising capital requirements3° increases the cost of
financial intermediation and, if so, how large this effect may be and whether borrowing

for firms and households might be negatively affected.

Higher capital requirements make borrowing from banks more costly if both of the following
apply:

(i) forcing banks to replace some of their debt financing with equity financing raises
their average cost of capital, and
(ii) banks pass this higher cost onto borrowers by increasing margins on loans to

firms and households.31

Intheory, intheabsence of frictions, an increasein capital requirements should have no effect
on banks’ funding costs, and hence on lending rates, in the long run. However, financial frictions
existand areview of international empirical research suggests that raising banks’ equity to total
assets by one percentage-point results in an increase in lending rates of 16 basis points on
average.

To better understand why lending spreads may increase as a result of higher capital
requirements, we discuss a number of market frictions of relevance to banks’ cost of capital,
and we also consider the potential effects thata possibleincreasein lending rates could have
on the overall economy. Inparticular, we note that adverse effects on investmentand GDP will
materialiseonlyif firmsareunableto offset the higher costof bankloans. If firms areableto
access alternative financing sources, their cost of capital would increase by less than the
increase in banks’ lending rates, and the effects on the entire economy will be smaller than
otherwise implied. In addition, some of the frictions that may contribute to raising banks’
funding costs —if they reduce their leverage —are linked to subsidies for debt financing that
may distort the allocation of resources in the economy and lead banks to take on too much
debt from a social point of view. Keeping these factors in mind, we emphasise the distinction
between private costs incurred by banks and social costs incurred by theeconomy as a whole

when discussing the results.

3 |n this memo, we express capital require ments in terms of equity to total un-weighted assets. In particular, whenwe
talk about an “increase in capital requirements” we refer to banks increasing equity to total assets by one percentage
point.

31 Note thatthe underlying assumption here is that the larger cost of fundingthata bank may experience because of
higher capital requirements is passed exclusively to borrowers. In particular, this assumption suggests that, to meet
capital requirement while ke eping its return on equity unchanged, a bank increases lending rates so that the increase in
net income exactly cancels out the increase in funding costs. See King (2010) for a description of the mechanism.
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The Modigliani-Miller framework

Whether or notincreasing capital requirements —thereby forcing banks to finance themselves
with moreequity and less debt —affects a bank’s overallfunding costisan empirical question.

In theory, the effect on banks’ funding costs, and hence on the lending rates, couldbe zero
in the long run. In their seminal paper published in 1958, Modigliani-Miller (hereinafter MM)
showthat,ina world without frictions, the combination of debtand equity with which a firm
chooses to financeits operations s irrelevant to its average cost of capital. Insucha frictionless
world, reducing leverage3? does not affect a firm’s average cost of capital.

The MM framework recognises thatissuing equity may be more expensive than financing
with debt, but points to an offsetting benefit of additional equity. First, when leverage is
reduced, the firm’s outstanding debt becomes less risky, since thereis more equity to absorb
losses. Second, the probability of the firm’s defaulting decreases and the vol atility of the return
on equity falls. This should make a firm’s equity less costly. In a perfect world, the firm's
weighted average cost of capital (WACC) remains unchanged.33

For financial institutions such as banks, the MM irrelevance theorem implies that, in a
world without frictions, better capitalised banks canissue less risky —and hence cheaper —
equity while maintaining the same portfolio of loans.3* Inthat case, increasing a bank’s capital
requirements would not affect either its lending rates or its lending volumes. In practice
though, banks face some specific frictions that make capital structure relevant for their cost of
capital. Broadly speaking, one could put these frictions into two broad categories:

a. governmentintervention,
b. market frictions.

In the following, we give a brief description of each categoryand illustrate s pecific frictions
that mightbe of particular relevanceto a bank’s cost of capital.
Government intervention

If the government intervenes with tax breaks or subsidies that make financing with debt more
attractive thatfinancing with equity, this distortion will affect the way companies may finance

32 Here we refer to leverage asthe proportion of debt (D) over equity (E): debt-to-equity ratio (D/E). Keeping debt
constant, leverage then decreases as the equity base increases. Note, though, that Basel Ill uses a different definition
of leverage: Equity to Assets (E/D+E). Consideringthe Basel I1I definition of leverage, keeping assets constant, leverage
decreases as the leverage ratio increases.

33 Modigliani and Miller proposition | states that the sum of the market value of equity (E) and the market value of debt
(D)is equal to the market value of the unlevered assets (U):

E+D=U (1)

This equation suggests that, by holdinga portfolio of the firm’s equity and debt, the investor is able to replicate the cash
flows from holding the unlevered security. Because the return of a portfolio is calculated as the weighted average
returns of the securities it contains, equality (1) implies that:

—~£_Re+ 2-Rd =Ru )
E+D E+D

Where Re is the cost of (levered) equity, Rd is the cost of debt and Ruisthe cost of unlevered equity or WACC (weighted
average cost of capital). From equation (2), it follows that:

Re=Ru +§(Ru—Rd) 3)

A firm’s cost of equity depends on the firm’s operating risk (the riskiness of the cash flows of the assets absent any
leverage) and the firm’s financial risk, which depends on the firms’ level of leverage. Modigliani and Miller proposition Il
states that the cost of levered equityincreases with the firm’s market value of the debt-to-equity ratio (D/E).
34 See Admati, DeMarzo, Hellwig and Pfleiderer (2011) for an extended discussion.
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their operations. The same type of distortion happens if the government offers (unpriced)
guarantees of liabilities.

Frictions due to government intervention affect a bank’s capital structure decisions in
different ways. To begin with, in many countries, interest payments on debt are deducted
against a firm’s corporate income while dividends to shareholder are not. Hence, using debt
gives riseto a valuable taxshield. So banks, like any other company, maximise the value of their
tax shield by increasing leverage. If leverage is reduced, some of these benefits are lost, and
this can affect (albeit marginally) a bank’s cost of capital.

To givea concreteexample, assumethat new equity replaces long-term debtin a bank's
capital structure, and thatthe only effect on the bank’s cost of capital comes from the | ost tax
shield on debt. Let us assume that, in Sweden, the average coupon on the long-term debt is
5 per cent and the corporate tax rate is 22 percent. If equity increases one percentage point,
the losttax shieldwill be given by the coupon times thetax rate (0.05x0.22)=0.011 per cent,
or 1.1 basis points. This implies that, keeping assets constant, if banks had to issue one extra
percentage point of equity, their cost of capital (WACC) could increase by about 1.1 bps.3>

Itis important to notice that a favorable tax treatment of debt over equity also creates
potential “clientele effects” (Stiglitz (1973) and Miller (1977), among others). The clientele
effect hypothesises that the common stocks of highly levered firms will be held by investors
with low personal tax rates, whilethe shares of firms with little or no leverage will be held by
individuals with high personal tax rates. Thus, in order to attract a certain type of investor, a
company may notchoosethe capital structurethatis bestto supportits operations, but that
which reflects the specific preferences of its “preferred set” of investors. While the cost of this
friction is difficult to quantify numerically, the existence of such a problem highlights the many
ways in which government regulation can distort how banks finance their operations.

Other types of governmentinterventionthat could substantially affect banks’ preference
for high leverage are implicit (too-big-to-fail type) and explicit (deposit) guarantees.3® Banks’
shareholders benefitfromthese guarantees because they make the claim of debtholders and
depositorsless riskyon average3” and are thus less costly from the financing perspective of the
bank. Replacing debt with equity might then resultin a higher funding cost.

Importantly, thelarger costthatbanks mayincur because of forgone guarantees is nota
social cost but a private one. The existence of guarantees might encourage banks to take
excessiveleverageand/or holdmoreilliquid assets (Diamonand Rajan(2012)). This behaviour
makes the portfolios of banks riskier, and shifts risk from the banks’ equity holders to the banks’
depositors and debt holders. Therefore, guarantees provide shareholders with a private
benefit, but have no clear social benefit: a) in normal times, guarantees allow banks to fund
themselves with cheaper-than-otherwise debt, thus givingtheman incentiveto lever up;and
b) during a financial crisis, guarantees represent a transfer from taxpayers to shareholders. If
guarantees generate inefficient behaviour, reducing their use might actually generate social
benefits.

Government guarantees, or better, the existence of financial contracts used to overcome
the lack of them, also create another frictionknown as the debt convenience premium. Banks
notonly raise money fromretail depositors, butalsolargely rely on wholesale debt raised from
institutional investors (such as sovereign wealth funds and mutual funds) and cash-rich
companies thatarenot protected by deposit guarantees. To offer non-retail investors a safety

35 These calculationsare in linewith the results of Kashyap, Stein and Hanson (2011) who also document a small increase
inthe representative US bank’s cost of capital due to the lost tax shield.

36 See Elliott (2009) and Miles et al. (2013) for an extended discussion of this topic.

37 This is because debt holders and depositors are more likely to recover partif not all of their claims in bad states of
the word.
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net similar to thatenjoyed by retail investors, banks use structured financial instruments that
make their investment essentially default-risk free.

When institutional investors provide funds to a bank, they are paid aninterestrateand
receive collateral through aninstrument similar to a repo agreement. The investor buys (at a
discounted price) the collateral from the bank and the bank agrees to repurchase the same
assetata later date (usually the day after) ata higher price. If the bank defaults, theinvestor
keeps the collateral and is therefore insured against default risk. This system allows
institutional investors (and more specifically money market funds) to have a flexible and safe
investmentthatnotonly produces someinterest butalso allows the funds to access their cash
almost on demand.38 Given this convenience, institutions are then willing to accept a lower
interest rate from banks, and short-term wholesale debt has therefore become a highly
attractive form of funding for banks. In other words, some wholesale short-term debt may
carry a valuable money-like premium.3?

Understanding the money-like premium is important because, when studying the impact
of capital requirements, most authors assume that equity replaces long-term debt (which is
more expensivethan short-term debton average). However, if banks are heavily funded with
short-termwholesale debt, itis reasonable to assumethatthey may need to replace some of
this debt with equity and lose the money-like premium they make. Nevertheless, this kind of
cost might be quite small. For a one percentage-point increase in capital requirements,
Kashyap, Stein and Hanson (2011) report that the lost money-like premium would make
funding for the average bank in the US at most 1 bp more expensive.

Market frictions

In the perfect world postulated by Modigliani-Miller, markets are completely frictionless so
firms have easy access to financing and can freely choose their capital structure. In reality,
when a company tries to raise more financing, this could be quite expensive. Someimportant
frictionsin this contextarerelated to asymmetricinformationissues and market competition.

Because of asymmetricinformation, financiers maybe unableto correctly price the assets
of a company and they may require higher compensation for risk thanis otherwise necessary
(Ross (1977) and Leland and Pyle (1977)). However, companies might not accept the lower
price investors are willing to pay and may try to issue equity when the discount can be
minimised (Myers and Majluf, 1984). Investors though anticipate that managers may issue
equity when the stock is likely to be overpriced and react negatively to announcements of
equityissues (i.e.thecompany stockprice declines upon announcement) deterring managers
from issuing equity in the first place. Managers may then choose to finance with retained
earnings first, debtsecond and new equity in the final instance —following the “pecking order
theorem” of Myers (1984).

Since banks havevery opaquebalancesheets, they could be more adversely affected by
asymmetric information issues when raising new equity.*® On the other hand, while
asymmetric informationissues might be particularlysignificant when a single bank tries to raise
equity, if all banks need to issue new equity to meet the regulatory minimum capital
requirement, asymmetric information may affect them less severely.

38 Gordon and Metrick (2010) provide a full description of the “securitise-banking” system and the use of repo
agreements.

39 Gorton (2010), Gorton and Metrick (2012) and Stein (2012) are among the first to discuss this specific friction.
40 See Bolton and Freixas (2006) for more details about how asymmetric information may affecta bank’s net worth.



LAMPLIG KAPITALNIVA | SVENSKA STORBANKER —N YA P ERSPEK TIV

Another important friction for banks is the degree of competition in the market. Market
competition, however, may not directly affecta bank’s cost of capital, butrather its ability to
pass anincreasein this cost on to its clients.

The main competitive advantage of banks is theirability to access cheap funding. If,ina
competitive environment, banks’ funding costs increase, some banks may not be ableto
compete and could be eventually run out of business. This would make the market more
concentrated and could have adverse consequences for borrowers, since banks may increase
interest rates more easily.

Inalready concentrated markets, increasing capital requirements might notreshapethe
industry structure, but might indeed affect lending rates: when unable to deleverage (assets
are kept constant) but forced to raise equity, banks may charge higher inter est rates and/or
fees to their customers in orderto compensate for thedecreaseininvestors’ returnon equity
(ROE) and keep their target ROE.41,42

With four big banks (Nordea, SEB, SHB and Swedbank) that dominate the industry with
about 80 per cent of market share, Sweden has a very concentrated banking sector. Therefore,
whiletherisk of further concentrationin thelocal market may notbe real, banks mayindeed
transfer all of the extra costs incurred by higher capital requirements directly onto borrowers.
Still, banks do not necessarily have to increase lending rates to offset the increase in their
funding cost. The ability of banks to charge morefor loansis not only conditional on the degree
of competition in the banking sector; italso depends on the availability of credit through
private capital markets, and the elasticity of loan demand. King (2010) suggests that, before
banks modify lending rates, they could (i) reduce operating expenses, (ii) increase non-interest
sources ofincome, (iii) redirect activity towards more profitable lines of business, or (iv) absorb
the higher costs and reduce ROE. These alternatives suggestthat, also in a highly concentrated
industry, lending rates need not to increase because of higher capital requirements.

The shortdiscussionabove very briefly summarises the tension between the benefits and
costs of debt and equity financing, and suggests that frictions make a firm capital structure
relevant to its cost of capital. Nonetheless, many studies document that, when companies
substitute debt financing with equity financing, their overall cost of capital increases |l ess than
what it would have done in the absence of any mitigating effects, due to lower |everage and
less risky equity. This effectis commonlyreferred to as the “Modigliani-Miller offset” and itis
well-documented also for the banking sector, as Table 1 shows.*3

The studies in Table 1 suggest that, once equity is raised, the actual cost of capital of a
bank mightnotincrease by as much as some critics suggest:** Consistent with the MM offset,
replacing debt with equity makes a bank less risky (i.e. the bank’s equity beta decreases*®) and
this benefit offsets inpartthe costimplied by potential frictions. Lately, though, some authors

41 Elliot (2009) discusses why banks mayintend to keep their target ROE and Kashyap, Stein, andHanson (2011) discuss
the issue of competition in the banking sector.

42 Kisin and Mandela (2016) suggest that banks may perceive equity to be arbitrarily costly. Theoretically, the costs could
be substantial if the fragile capital structure is necessary for bank operation (Calomiris and Kahn (1991) and Diamond
and Rajan (2001)). Admati, DeMarzo, Hellwig, and Pfleiderer (2011) and Admatiand Hellwig (2013) suggest opposite
arguments. Equity may also increase bank value by improving incentives (e.g., Holmstrom and Tirole (1997); Allen,
Carletti, and Marquez (2009); Mehran and Thakor (2011)).

43 To give an idea of the MM offset, we will refer to the example illustrated by Miles, Yang and Marcheggiano (2013). On
page 13 of their paper, they show that, in the absence of any Modigliani ad Miller offset, a 15 percentage point increase
in capital to un-weighted assets would increase the cost of capital of the average bankin the UK by approximately33
bps. However, using their fixed effects estimate in Table 1, they show that the actual increase in the average bank cost
of capital is only 18 bps, not 33 bps;in other words the actual increase is 45 per cent lower than in the case without MM
offset.

44 See for instance the study that the Institute of International Finance (IIF) published in 2010.

45 Kashyap, Stein, and Hanson (2010) show that in a panel of large banks, those with less leverage have significantly
lower values of both beta and stock-return volatility.
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have questioned the existence of the MM offset, suggesting that a different issue may be
particularly important to consider in this contest: the low-beta anomaly.

Table 1. Evidence of the Modigliani-Miller offset.

(1) () (3) (4)
Paper Country Data Period MM Offset
ECB (2011) 54 Global Banks 1995-2011 41%-73%
Junge and Kugler (2013) Switzerland 1999-2010 64%
Miles et al. (2013) UK 1997-2010 45%-90%
Shin (2014) 105 Advanced Economy Banks 1994-2012 46%
Toader (2015) European Banks 1997-2011 42%
Bank of England (2015) UK 1997-2014 53%
Clarketal (2015) us 1996-2012 43%-100%

Column (1) records the title of the papers, column (2) describes the countries involved in the study, column (3) reports
the time period used inthe study, and column (4) shows the Modigliani and Miller (MM) offset documented by the
paper.

The standard Capital Asset Pricing Model (CAPM) postulates that investors should be
compensated for taking systematic risk (beta). However, Ang, Hodrick, Xing and Zhang (2006)
documentthat stocks with lower beta have historicallyearned higher returns than stock with
higher beta. The existence of this anomaly suggests that, all else equal, companies with low
risk may haveto pay more, not less, for raising extra equity financing, and thusend up with a
higher cost of capital (Baker and Wurgler, 2014). Then, even in a perfect world, the Modigliani-
Miller capital structureirrelevance theorem fails (Baker and Wurgler, 2015). Baker and Wurgler
(2015) estimate that, because of the low-beta anomaly alone, the weighted average cost of
capital of the average US bank mayincrease 8.5 bps after a one percentage-pointincreasein
capital requirements.

The discussion above highlights that, because of frictions, after increasing equity to total
un-weighted assets by an additional percentage point, banks might experiencean increasein
their costof capital and they may pass thisincreaseto borrowers by increasing lending rates.
So, the next question is: how much does a one percentage-point increase in equity to total
assets affect lending rates? This issueis discussed in the following section.

Existing literature on lending rates

The literature on how capital requirements affect lending rates has evolved quite substantially
from initial attempts in the aftermath of the financial crisis. Data availability and more
sophisticated estimation frameworks have contributed to more direct and better devel oped
studies.

Table 2 summarises some of the mostcited papers in this fairly extensive literature. For
the sake of simplicity, the studies have been divided into those that explicitly employ the MM
framework (row (1)—7)of Table 2), and those that use alternative methodologies (row (8)—{13)
of Table 2).26 All of the results have been harmonised so that we always reportthe changein

46 The papers that use alternative methodologies mostly employ structural models, including general or partial
equilibrium models, and accounting equations. Just to give anintuition, structural econometric models use economic
theoryto develop mathematical statements about how a set of observable “endogenous” variables (y) are related to
another set of observable “explanatory” variables (x) and unobservable variables (z). Methods using accounting
identities start by the basic principle that total assets must equal total liabilities and use stylised balance sheets and
calibrations based on a representative bank.
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lending rates associated with a one percentage-point increase in equity to total assets, also
when the original study investigates capital to risk-weighted-assets (RWA) type of
requirements.*’

The studies that use the MM framework proceed in two steps: (a) they study how the
cost of capital of a bankis affected by the change in capital requirements; and (b) they study
how much of the changein the bank’s cost of capital is passed on to clients, and thus how much
more expensive it becomes for (corporate) customers to finance their investments. As
supported by existing empirical literature (De Bondt (2005), Harimohan, McLeay and Young
(2016) and Mojon (2000)), most studies assume that the increase in funding costs is fully
transferred onto borrowers.*®

Table 2. Empirical evidence of the impact ofa one percentage-pointincreasein capital requirements on lendingrates.

&3} 2) 3) “@) (5) (6) (Y} ®)

MM A Lending

Study Year Country Time Period Type of Study Methodology Offset Rates (bps)

A. Papers using the MM framework:

(o BCBS* 2010 13 OECD countries ~ 1993-2007 Calibration 26
2 Junge and Kugler 2013 Switzerland 1999-2010 Calibration 64% 0.70
3) Miles, Ya d Marcheggiano 2013 UK 1997-2010 Calibration 45% 1.20
4) Bank of England 2015 UK 1997-2014 Calibration 53% 25
(5) Elliot 2009 Us Calibration Implicit 20
(6) Kashyap, Stein and Hanson 2011 Us 1976-2008 Calibration Tmplicit 3.50
()] Baker and Wurgler 2013 us 1971-2011 Empirical + Calibration  Implicit 8.50
Average 12.13

B. Papers NOT using the MM framework:

(8) Cosimano and Hakura 2011 Global 2001-2009 Structural Model Empirical 12
9 King* 2010 13 OECD countries 1993-2007 Accounting Identities Calibration 30
(10y Slovik and Cournede® 2011 3 OECD countries 2004-2006 Accounting Identities Calibration 32
(11) | De Resende, Dib and Perevalov® 2010 Canada General Equilibrium Model Calibration 2.50
(12) Corbae and D'Erasmo* 2014 us Structural Model Calibration 50
(13) Kisin and Manela* 2016 us 2002-2007 Partial Equilibrium Model Empirical 0.30
Average 2113

Overall Average 16.28

Column (1) records the title of the papers, column (2) reports the year of the last available version, column (3) describes
the countries involved in the study, column (4) reports the time period used in the study, column (5) briefly summarises
the type of study, column (6) describes whether the study was conducted using an empirical, regression-based,
approach or a calibration approach. Column (7) reports the estimated MM offset and column (8) reports the effect of a
one percentage-pointincrease in capital to un-weighted total assets on lendingrates (in basis points). * Indicates papers
that originallyinvestigate the effect of a one percentage-point increase in capital to risk-weighted-assets (RWA). To
harmonize the results, RWAis assumed to be 50 per cent on average of total un-weighted assets.

Overall, the main takeaway of Table 2 is that a one percentage-pointincreasein capital
requirements has a relatively small impact on funding costs and therefore on lending rates
(about 16 bps on average), and more recent evidence (see for instance Kisin and Manela
(2016)) finds smaller effects. These results though should be interpreted with caution.

To begin with, banks face differentinstitutional settings in each countryand thus most of
the results depend on the banking sector’s country-specific characteristics. Another potential
problem is that changes in capital requirements are studied in isolation from other policy
changes. The results obtained might therefore only capture an incomplete part of the actual
effect. For instance, if several pieces of regulation change together, the collective effect of
these changes could result in larger (or smaller) estimates than those reported in the
aforementioned studies.

47 To harmoniseall the papers, we translate all of the resultsassuming that on average RWA is 50 per cent of total assets.
This is currently the best we can do because of the lack of information on the actual proportion of risk-weighted-assets
(RWA) to total assets in countries around the world. Data was requested from BISbutourrequest could not be met
because of privacyissues.

48 Miles etal.(2013) andJunge and Kugler (2013) are the only two papers that deviate from this assumption in their
main conclusion. However, to better compare the results across all papers, in Table 2 their results are adjustedso that
the pass-throughis 100. Note that this assumption makes the magnitude of their effects larger than otherwise reported
in their papers.

35



36

STAFF MEMO

Itis also important to note that most of the studies use highly simplified assumptions:
banks have only loansin their portfolios, all equity is common equity, equity replaces long-term
debt, thetaxrateis constant (this affects the tax value of the debt tax shield) and banks are not
able to change their assets. Changing one or more of these assumptions may substantially
affect the final estimates. Lastly, studies that use calibrations are very sensitive to the way
inputs are obtained.

To conclude, itisimportantto keep in mind that, when interpreting the results collected
inthis very brief survey, the borrowers mustbe considered too. While banks may be willing to
charge higher lending rates to their customers, corporate borrowers may look for credit
elsewhere (less regulated institutions or shadow banks may capture part of the market of more
regulated banks), and may even choose to adjust their own capital structures. Faced with more
market competition, banks may then reconsider the decisionto pass a large part of their
increased funding costs onto their customers. Therefore again, the structure of the banking
and financial system plays a crucial role when assessing the real economic consequence of
changes in capital requirements.

Existing evidence on lending volumes

Another aspectto consider to fully assess the impact that changes in capital requirements may
have on the real economy, is how they affect lending volumes in the steady state.

Whilebanks could reactto higher capital requirements by increasing lending rates, they
could also choose to keep their lending rates atthe samelevel andinstead reduce the amount
of creditto the economy to minimize the cost of monitoring borrowers in order to avoid losses.
They mightof course concurrently increase lending rates and reduce lending volume. While a
reduction in thesupplyof creditto households and corporates may have strong consequences
for the real economy, oneshould notforgetthata demand side effectis also possible. In well-
functioning markets, keeping investment opportunity constant, if banks increase lending rates
as a consequence of higher capital requirements, borrowers might look elsewhere for credit.
This latter effect would create an observational equivalence: while it might seem that banks
havereduced creditto the economy, in fact, itis customers thatare borrowing less from banks
to financetheir consumptionand businesses. If this is the case, changes in capital requirements
should be have quite limited effects on the real economy in the long run.

Alsoif unableto distinguish between a demand-side effectand a supply-side effect, many
authors have been studying the consequences that changes in capital requirements could have
onlending volumes. Since the aim of this review is to focus on lending rates, we will only briefly
review two (more recent) papers that contribute to the literature on how changes in capital
requirements might affect lending volumes. We refer readers to the BIS report no. 30
published in March 2016 for a richer summary.

Mendicino, Nikolov, Suarezand Supera (2015) show results not only on lending rates but
also onvolumes. The authors incorporate the banking system in a standard DSGE model and
consider a framework in which banks lend to both households and corporates and where all
borrowers may default on their lenders due to idiosyncratic and aggregate shocks. They
calibrate their model using data from the euro zone over the period 1999-2013. While the
original paper does not directly report results for lending rates and lending volumes, the BIS
paper no. 30, publishedinMarch2016, reports authors’ calculations (see Table 1 and Table 2
in the report). In the BIS report, the authors suggest that, in the long run, an increase of one
percentage-point in the ratio of capital to risk-weighted (un-weighted assets*?) is associated

49 RWA=50 per cent*Total Assets
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withanincreaseinlendingrates of 2.8 (5.6) bps for households’ mortgages and 4.9 (9.8) bps
for corporate loans. Moreover, credit growth falls by about 0.15 per cent (0.3 per cent) for
householdsand0.43 per cent (0.86 per cent) for corporates. Smalleffects are alsodocumented
by Noss and Toffano (2014) who, using data on UK banks overthe period 1986-2010, find that
an increase of 15 bps in un-weighted capital requirements is associated with a median
reduction of around 1.4 per centin the level of lending after 16 quarters. If we consider an
increase of equity to total un-weighted assets of just one percentage-point, the median effect
on lending volumes amounts to 0.093 per cent in the level of lending after 16 quarters.

The modest effects found by Mendicino etal.(2015)and Noss and Toffano (2014) are also
confirmed by a large body of literature. These studies, like those on lending rates, conclude
thatthe effect of capital regulation on lending volumes should be quite modestinthelong run.

Conclusion

Inthe above, we have taken the Modigliani-Miller theoremas a starting pointfor a discussion
of how banks’ funding costs may be affected by higher capital requirements. The theorem
predicts that, in the absence of taxes and other frictions, banks’ funding costs may not be
affected atallinthelongrun.In practice, there arerelevant frictions to consider that may cause
banks’ funding costs to increase somewhat as a result of higher capital requirements. Yet,
existing research also finds support for the existence of some degree of Modigliani-Miller
offset. Overall, the studies reviewed in this memo show thatraising banks’ equity to total un-
weighted assets by one percentage-point may resultin anincreasein lending rates that ranges
between 0 and 50 bps, 16 bps on average.
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Appendix B - The impact of higher capital
requirements on GDP

Anna Grodecka

Introduction

Higher capital requirements, while reducing the probability of a crisis, may also be costly for
society. Morespecifically, they may increase banks’ funding costs, and banks may res pond by
raising lending rates.>® This could have a negative impact on the i nvestment of companies that
finance their production with bank loans, and on the spending of households that use bank
credit to finance their consumption, potentially resulting in a lower GDP level.

There is uncertainty about how much capital requirements would actually raise the cost of
capital intheeconomy. The extent to which banks’ funding costs could increase due to higher
capital requirements and are passed on to banks’ clients depend on country- and regulation-
specificfactorsand the degree of the Modigliani-Miller offset (for a more detailed discussion,
see Appendix A). The Modigliani-Miller theorem states that funding costs of a bank should not
depend on the mix of equity and debt financing (Modigliani and Miller, 1958).51 With higher
equity, a bank becomes safer,andassuch, therequired return on equity should fall, making it
relatively less expensive. However, due to various frictions including, but not limited to, tax
subsidies for debt financing and explicitand implicit government guarantees, this Modigliani-
Miller offset does not fully materializein reality. Thus, if we require banks to hold more equity,
their funding costs will likely increase. However, it should be noted that, in order for higher
capital requirements to reduce corporate investment, the Modigliani-Miller theorem has to fail
twice, both at the bank level and the company level.

We evaluatethelong-run GDP effect of increased capital requirements using two general
equilibrium models with different characteristics. These models capture feedback effects
between differentsectorsintheeconomy. Wefocus ontheimpacton GDP oncethe economy
has settled into a new equilibrium (steady state), rather than transitory effects.

The first model contains banks and a capital requirement that allows us to perform the
analysisin onestep (lacoviello, 2015). The second model requires two steps: first, an estimation
of the effect on banks’ lending rates, for which we rely on the estimates from Appendix A
Second, we evaluate the effect of such an increase in lending spreads in the Riksbank’s
macroeconomic model, RAMSES.52 lacoviello (2015)is particularly well-suited to our policy
experimentbecause, unlike many DSGE models, it contains a capital requirement for banks. A
benefit of using RAMSES is that the model is particularly apt for the Swedish economy.

Both approaches generatesimilarresults. Our analysis suggests thata 1 percentage-point
increase in the equity to total assets ratio may lower the long-run GDP level by about 0.09—
0.13 per cent, depending on the model used.>3

50See Appendix A “Do higher capital requirements affect lending rates?” In this Appendix, we use the terms lending rates and lending
spreads interchangeably. We refer to the lending spread as to the difference between lending rates and deposit rates. If capitd
requirements do not have an impact on the deposit rate (as in the models discussed in this Appendix), the change in the lending spread
will be entirely due to the change in lending rates.

51 Note that the Modigliani-Miller theorem refers to having equity and not raising new equity. It might be that raising new equity may
increase bank funding costs temporarily, but not permanently, if no further frictions occur. See the discussion in Miller (1995).

52 RAMSES is a DSGE model used atthe Riksbank to produce a macroeconomic forecast, alternative scenarios, and for monetary policy
analysis. See http://www.riksbank.se/sv/Press-och-publicerat/Publicerat-fran-Riksbanken/Ovriga-rapporter/Occasional-Paper-
Series/2013/No-12-Ramses-ll--Model-Description/.

53 These estimates do not change with the starting capital ratio, or change very little.
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Different ways of calculatingthe impact of capital regulation on
GDP

Our analysis compares results from different methods. Specifically, we use a one-step and a
two-step approach for Sweden and we compare our results with estimates for other countries
thathave mainlybeen estimated using atwo-step approach. Hence, the results that we discuss
belong to three categories, with the last one mainly used for robustness:

1. Steady-state comparison in the lacoviello (2015) model One-step
2. Long-run effects of a higher lending spread in RAMSES model Two-step
3. Empirical and semi-structural estimates of the relationship between | Two-step
lending spreads and GDP for other countries

Itis nota priori clear which of these methods is superior. Making the calculationsin one step
puts a lot of faith into one specific model, while spreading the analysis over multiple steps
introduces uncertainty at each step of the analysis. Given this uncertainty, we find it suitable
to use both (1) and (2) in our analysis for Sweden, and relate the magnitude of that estimate

to (3).

Table1l summarisestheresults fromall three approaches. The remainder of this Appendix
discusses the calculationsin more detail.

Table 1. Comparison of the results obtained with different approaches

Method/model

Experiment

Change inGDP

Changein
lending
volume

Changein
lending
spreads

Changein
investment

One-step analysis

lacoviello (2015)

permanent1
p.p.increasein
NRWCR>*

-0.13%

-1.6%

+46 bp

Firms Hhs

-1.5% | -1.9%

-0.36%

Two-step

analysis

RAMSES

permanent
16.3bp
increasein
lend. rates>>

-0.09%

+16 bp

-0.27%

Empirical and semi-structural

estimates for othe

rcountries

Minneapolis
Plan (2016)

permanent 10
bp increasein
lend. rates

-0.1%

Bank of England
(2015)

permanent 10
bp increasein
lend. rates

-0.05%

Locarno (2011)

temporary
persistent12
bp increasein
lend. rates

[-0.03%, - 0.39%]

permanent1
p.p.increasein
RWCR56

-0.18%

Gambacorta
(2011)

permanent 2
p.p.increasein
RWCR

-0.19%

-0.36%

+5bp

54 NRWCR stands for non-risk-weighted capital ratio.
55 The experiment in RAMSES is designed to engineer a 1 p.p.increase in the equity to total assets ratio.
56 RWCR stands for risk-weighted capital ratio.
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Analysis using the lacoviello (2015) model

The model of lacoviello (2015) allows us to assess the GDP effects of increased capital
requirements in one step, since it features banks facing capital requirements set by a
regulator.>” Banks in the model serve as financial intermediaries, collecting deposits from
household-savers and extending loans to entrepreneurs and households that borrow against
housing collateral. The capital ratio in the model is defined as theinverse of leverage, in other
words, it refers to capital to total assets. The model does not feature risk weights.

The mechanismthatultimately leads to a lower GDP level in the model as a resultof an
increased capital ratio is best explained in terms of the balance sheet channel. To meet the
target of a higher capital requirement, banks can either adjust the asset side of their balance
sheet (by deleveraging, thus reducing lending) or theliability side (by raising more capital). If
they decide to raise capital, their funding costs increase (in a world with frictions, the
Modigliani-Miller theorem does not hold and thus equity is more expensive than debt) and
they will pass these higher costs onto their customers, i.e. companies and households, in the
formofincreased lending rates. In the model, banks adjust both sides of their balance sheet to
meet higher capital requirements. As demonstrated in Table 1, they reduce the lending and
increasethelending rates, which makes theinvestment by companies, as well as consumption
smoothing and financing by households more difficult. As a result, GDP falls. Note that to the
extent that a Modigliani-Miller offset would actually occur, the model we are using will
overstate the negative effect on GDP. Analogously, to the extent that companies can use
financing sources other than banks, our estimate should be seen as the upper bound on the
drop in GDP.

The original model has been calibrated to the US data. We change the calibration to
match some aspects ofthe Swedish data, inparticularthe ratioof household indebtedness and
corporateloansto GDP, the required return on bank equity, and the LTV ratio for mortgages.>8
The steady-state capital ratioissetat5 per centand in our experiment, we look at the effects
of a 1 percentage-pointincreasein the capital ratio, from 5 per cent to 6 per cent. As presented
in Table 1, GDP decreases by 0.13 per cent. This effect takes into account increased lending
rates and a fallin lending to both the corporate and the householdsector. Given high levels of
household indebtedness inSweden, the latter effectis importantto accountfor sinceit points
to a channel whereby capital requirements may reduce the cost of a financial crisis, by making
households’—notjustbanks’—balance sheets moreresilient (if we believe thatthere may be
too much debt in the economy, which could lead to debt overhang effects).

Comparison with the macroeconomic model used in Sveriges Riksbank (2011)

In 2011, the Riksbank published a study (Sveriges Riksbank, 2011) assessing the real economy
costs of higher capital requirements using another DSGE model with banking, developed by
Meh and Moran (2010). Inourview, several features of the Meh and Moran (2010) model used
intheRiksbank(2011) makeitless aptfor our analysis. In contrast to lacoviello(2015), in Meh
and Moran (2010) the capital requirementis notset by the regulator, but arises endogenously
as a resultof a moral hazard problem between banks and household-depositors.5° In practice,
this endogenouslyarising capital requirement means thatthe capital ratioin Meh and Moran
(2010) is a function of other model parameters, and is not one fixed number that can be
changed when the experiment of increased capital requirements is conducted.

The endogenous capital level in Meh and Moran (2010) is interesting from a research
perspective butarguablymakes itless appropriate for evaluating capital requirements froma
policy perspective. Thereason is thatin this model, itis possible to arrive ata capital ratio that
is 1 percentage-point higher in multiple ways, by different combinations of parameters

57 We use the extended model presented in the paper to address our question. Unlike the basic model that features only corporate
borrowing, the extended model features both corporate and household borrowing.

%8 |n our steady state, mortgage debt to GDP is at 52 per cent, corporate loans to GDP at 117 per cent, ROE at about 12.5 per cent, LTV
ratio for mortgages is set at 85 per cent. We match these moments by adjusting the discount factors of economic agents in the modd,
changing the LTV ratios for households and companies, as well as the capital ratio.

9 Ensuring investment in good projects involves monitoring costs. Because households cannotobserve the extent to which the banks
actually monitor, they require the banks to also invest their own funds in the lending operations. This gives the banks “skinin the game’,
ensuring that they monitor the companies.
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influencing the endogenous capital ratioin equilibrium. This can undermine the robustness of
the results. Moreover, it seems that reality is more closely aligned with the lacoviello (2015)
model, as banks often have to be forced to hold more capital. The effects on GDP of an
experimentin which the parameters are changed to ensure thatthe economy optimally arrives
at a particular capital ratio (as in the Meh and Moran, 2010, model), are likely to be very
different from an experiment in which the banks are forced to hold more capital (as in the
lacoviello, 2015, model).

The more recent modelling approach of lacoviello (2015), whichwas notavailable at the
time of the Riksbank 2011 analysis, offers a more realistic description of the regulatory
framework, as well as a unique and non-disputable wayto arrive at higher capital requirements
providing fora moretransparentanalysis. Moreover, while the Meh and Moran (2010) model
is silent on household borrowing, the lacoviello (2015) framework gives mortgage lending an
importantrole. Intheface of rising household indebtedness linked to increasing housing prices
in Sweden, this channel of bank lending should not be ignored and hence, we opt for using
lacoviello (2015) as our benchmark.

We also compare our estimates to results of similar studies conducted for other
countries. Angeliniand Gerali(2012)conduct an experiment similarto ours, based on a Gerali,
Neri, Sessa and Signoretti (2010) framework estimated for the euro area. Angelini and Gerali
(2012) estimatethelong-run GDP effect of a 1 percentage-pointincreasein the risk-weighted
capital ratio to range from a minimum of 0 per cent to a maximum of -0.36 per cent, which
could potentially imply much higher costs than those reported in this study and in Sveriges
Riksbank (2011).

Analysis using RAMSES

The models used to evaluate GDP effects of higher capital requirements in the two-step
approach do not have a banking sector or capital requirements incorporated, but they still
allow for an examination of the effects of higher lending rates on GDP. A necessary input to
this analysis is the lending rate increase whose effects one wants to evaluate. In Appendix A,
we summarise a range of studies that estimate the effect of increased capital requirements on
lending rates for other countries. We use the average of the estimates found in these studies
as input to the further general equilibrium analysis. Comparing different estimates, we find
thata 1 percentage-pointincreasein the capital ratio (non-risk-weighted) on average leads to
an increase in lending rates of 16 bps (see Table 2 in Appendix A “Do higher capital
requirements affect lending rates?”). This is a lower estimate than that obtained from the
lacoviello (2015) model. It may be due to the fact that the computed average relies both on
studies using the Modigliani-Miller framework, and studies not using the Modigliani-Miller
framework. Depending on the assumed Modigliani-Miller offset (absent in lacoviello, 2015),
the increase in lending rates due to higher capital requirements differs. Interestingly, despite
the differences in the lending rate, both models suggest a similar GDP response, which
emphasises the need to use more than one model to ensure the robustness of our results.

RAMSES is a general equilibrium model estimated on Swedish data used at the Riksbank
for the purpose of forecasting and monetary policy analysis.®® Lending spreads in the model
are endogenous and are a function of entrepreneurial net wealth amongst other variables.
When entrepreneurs have less of their own funds to invest, the lending spreads increase, which
raises their cost of investment. In the long run this reduces the capital stockand pushes GDP
down.

RAMSES has been used as input for the analysis reported in the Monetary Policy Report
from July 2014, that assesses the effects of stricter capital requirements on the economy
(Sveriges Riksbank, 2014). Given thatlending spreads arisein the model endogenously, in the
steady state of the model, the spreadis nota fixed parameter, buta function of other model
parameters, similar to the capital ratio in the Meh and Moran (2010) model. Changing the

80For a description of RAMSES, see Adolfson et al (2013). In the model the repo rate is set according to a simple monetary policy rule in
which the repo rate depends on the deviation ininflation from 2 per centand on resource utilisation, measured as the difference between
actual hours worked and potential hours worked.
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steady-state lending spread thus requires a judgemental decision and can be done in many
different ways. That is why, in our experiment, instead of comparing the steady-state values,
we choose to look at the long-run dynamic responses of the log-linearised model to a shock
that permanently pushes up the lending spreads.®! An exogenous shock that drives up the
lending spreads by 16 bps leadsin RAMSES to a declineinGDP of around 0.09 per centin the
long-run equilibrium, as reported in Table 1.

Empirical and semi-structural estimates for other countries

Apartfrom conducting the experiments with the models adapted to the Swedisheconomy, we
look atestimates that were madefor other countries that attempted to address the question
of real economy effects of increased capital requirements using their own general equilibrium
or reduced form models. In this section, we briefly report their results that are presented in
Table 1.

The Minneapolis Plan®?

The Minneapolis Fed presented its “Minneapolis Plan” in November 2016. The Plan is a
proposal for sharply increased capital requirements with the aim of ending the existence of
‘too big to fail’ financial institutions in the United States. Part of the plan entails increasing
capital levels held by the banks and weighing the benefits thereof against the costs. The cost
analysis proceeds in two steps and in the second step, the effects of higher lending spreads on
GDP are estimated.

To translatetheincreasein lending spreadsinto a GDP effect, the Fed’s FRB/US model is
used. Itis a substantial macroeconometric model containing approx. 300 equations used for
forecasting, simulating scenarios and evaluating policy options.®3 The model does not include
a banking sector, butitincludes a range of different interest rates. The increase in the loan
spread is assumed to affect commercial lending. The results from the FRB/US model suggest
thata permanent 10 bps increaseinlending spreads would reduce the GDP level annually by
0.10 per centin equilibrium.

Bank of England (2015) calculations

A recent Financial Stability Paper published by the Bankof England uses the two-step approach
to estimatereal economy effects of increased capital requirements (Brookeetal., 2015). The
authors use a set of semi-structural macroeconomic models (not further specified) in order to
translatethe estimated increasein the lending spread into the GDP effect. Their results suggest
that a 10 bps increase in lending spreads could reduce output by up to 0.05 per cent in
equilibrium. Theauthors notethattheir assessed costis lower than the estimates from the LEl
report, published by the Basel Committee in 2010 (BCBS, 2010).

Locarno (2011), BIQM model

Locarno (2011) assesses theimpactof Basel Ill on theltalianeconomy with the use of a BIQM
(Bank of Italy Quarterly Model), which is a semi-structural large-scale macroeconometric
model. The study assesses thatanincreaseinlendingspreads of 12 bps can lead to maximum
GDP declinethatoccurs during thetransition period in therange of 0.03-0.39 per cent. Using
a different approach (not specified in the paper), Locarno (2011) reports that in the steady
state, thedeclineinGDP is estimated to be 0.18 per centasaresponseto a 1 percentage-point
increasein the risk-weighted capital ratio. The study was used in the LEl report.

51 In the model, the entrepreneurial wealth shock is the main driver of lending spreads. We look at impulse responses to this shock
(persistence parameter is set at 1) in order to infer the GDP response.
82https://www.minneapolisfed.org/~/media/files /publications/studies /endingtbtf/the-minneapolis-plan/the-minneapolis-plan-to-end-
too-big-to-fail-2016.pdf?la=en

63 The FRB/US model is different from DSGE models as the expectations of agents are formed in a different way. They may be either
consistent with the full knowledge of the model (as in DSGEs) or based on projections from estimated VAR models. The optimisation
problems of the agents inthe FRB/US model are more short-term, resulting in an effective planninghorizon close to five years, as opposed
to an infinite horizon inthe DSGE models. Moreover, the FRB/US model allows fornonlinear interactions among endogenous variables,
while most DSGE models are linearised around the steady state.
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Gambacorta (2011), VECM model

Gambacorta (2011) uses a VECM (Vector Error Correction Model) estimated on the US data
from 1994 to 2008 to assess the effects of Basel 11l reforms. Like Locarno (2011), it is a study
that was used in the LEl report. Gambacorta (2011) reports steady-state effects of increasing
the risk-weighted capital ratio by 2, 4 or 6 percentage-points. The estimates suggest that a 2
percentage-pointincreasein the capital to risk-weighted assets ratioleads to a GDP decrease
of 0.19 per cent and a decreasein lending of 0.36 per cent. The effect is almostlinear, sofor a
1 percentage-pointincrease in the capital to risk-weighted assets ratio, the GDP declineis
around 0.09 per cent. If we assume that risk-weighted assets correspond to around 50 per cent
of total assets, the results would suggest that a 1 percentage-point increase in the capital to
total assets ratio corresponds to a fall in GDP of 0.18 per cent.

Conclusion

In this short note, we present various estimates of the GDP effects of higher capital
requirements on the Swedish economy in the long run. Our one-step analysis using the
lacoviello (2015) model suggests that raising the non-risk-weighted capital ratio by 1
percentage-point can lower the long-run GDP level by about 0.13 per cent. In our two-step
analysis, theincreasein lending spreads dueto higher capital requirements is taken as given,
and the GDP response is calculated using RAMSES, a DSGE model developed at the Riksbank
and estimated on Swedish data.®* This experiment suggests that a 16 basis-point increase in
lending spreads (corresponding to a 1 percentage-pointincrease in the non-risk-weighted
capital ratio) could lead to a fall in GDP of around 0.09 per cent.

How do our results compare to other studies? Generally speaking, more recent studies
suggesta GDP responseto higher lending spreads and capital requirements inthe ballpark of
our estimates obtained with lacoviello(2015) and RAMSES, while older studies, such as those
used in the BSBC (2010) calculations, suggested larger effects.%5

Given thatwe haveaccess to new data and new types of models compared to 2010, when
models incorporating banking andfinancial frictions wereatan early stage of developmentin
the wake of the global financial crisis, we believe that some of the earlier estimates of the
impactof higher capital levels on economy need to be reassessed with the use of new data and
methods. Furthermore, itisimportant to note than inmany DSGE models, like lacoviello (2015)
that we usein our analysis, the Modigliani-Miller offsetis absent, so if we were to consider the
possibility that banks’ shareholders may demand lower return on equity, when the banks
become more capitalised, the ultimate increase in lending spreads, and thus, the GDP effect,
would be even lower. As discussed in Appendix A, many studies report evidence of a
Modigliani-Miller offset of at least 40-50 per cent.

64 The extent to which higher capital requirements will increase lending spreads is an empirical question andit has not been examined
for Sweden yet. That is why, in the first step of the two-step analysis, we need to rely on estimates for other countries.

65 While comparing the effects of different studies itis important to account for the difference in capital ratio used therein. Given that
risk-weighted capital ratios are country-specificand the increase in them can be driven both by anincrease in capital and by a decrease
in risk weights, we choose the more rigorous approach and examine the effects of an increase in the non-risk-weighted capital ratio.
Thus, any translation of our results into risk-weighted capital ratios has to be time-dependent, taking into account the levels of capital,
assets and bank risk weights in a given period of time.
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Appendix C - The economic cost of financial
crises

Gabriel Soderberg

Introduction

Financial crises have historically involved large social costs. Most recently, the global financial
crisisthatstartedin2007led to a severedownturn in the global economy. Moreover, ten
years after its outbreak, recovery remains sluggish inmany parts of the world. The question
of how costly a future financial crisis will beis highly relevant for determining an appropriate
level for capital requirements for banks.

This memo gives an overview of the economic costs of financial crises. Past experience
of financial crisesis a good starting point for assessing the expected cost of any future crisis.
The literature on how to estimate the cost of a financialcrisisis, however, still in its infancy.%®
We summariserecentresearchdrawing on pastexperiencefroma large number of
countries, as well as some studies thatlook specifically at the Swedish crisis in the 1990s.
There arereasonsto expecta financial crisis to be particularly costly for an economy like that
of Sweden. Based on existing empirical estimates of the cost of the Swedish crisisinthe
1990s, our assessmentis thatthe costof a future Swedish crisis could bein the vicinity of 180
per cent of GDP in presentvalueterms, or possiblyeven higher.

Methods for estimating the cost of a crisis

Inthe literature, the costof a crisisis typically defined in terms of foregone output, expressed
as a reduction in gross domestic product (GDP). This definition facilitates comparisons
between differentcrises butalso disregards the social costs of a crisis, which are not
adequately captured in GDP statistics. Government bailouts of the banking sector, as well as
fiscal stimulus, mightreducethefallinGDP, but lead to lasting government debt problems.
Some costs arealsoborne unequally. For example, individuals who become unemployed as a
resultofa crisis arelikelyto suffer larger welfarelossesinboth theshortand thelongrun,
compared tothosethatretain theirjobsthroughoutthecrisis. Anincreaseinunemployment
following a crisis can leadto losses in job skills, which tends to make it more difficult forthe
individuals concerned to secure future employment. In addition, ithas been argued that
economic conditions caused by a financial crisis might fuel political extremism with far-
reaching social consequences.®’

Empirical estimates of the outputloss, in terms of national GDP, that follows froma
financial crisis differ considerably.68. The dot-com bubblein2001 was not particularly costly
interms of real economic effects, while the subprime crisisin2008 entailed substantial costs.
Financial crises alsoappear to be more costlyin developed countries than in less-devel oped
countries.5®

Moreover, there is no universal definition of a financial crisis. With a narrow crisis
definition, for instance onlycrises thatare systemicinnature, the sample will contain fewer
and often larger crises, whichtend to increase the estimate. Abroad definition of crisis
instead meansthatthesamplewillinclude a greater number of small crises, which reduces
the estimate. An example of this is Romer and Romer (2015) whichuses a very broad

6 Haldane (2010).

67 Bromhead et al. (2012).

68 Haugh et al. (2009), p. 24.

9 Hoggarth et al. (2002), Cerra and Saxena (2008).
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GDP

definition of crisis: a risein the cost of creditintermediation.”® With this broad definition
Sweden had eightfinancial crises between 1992 and 2010. Unsurprisingly, given this broad
definition, the paper finds thattheimpact of financial crisis tends to be moderate.

Another difference between studies, with significantimplications for their results, is the
end pointofthecostestimate. In particular, theresults are typically highly sensitive to
whether the effects of a crisis on the GDP level are assumed to be temporary or permanent.”?
In Chart1theexampleon theleftshows a hypothetical economy inwhich thefinancial crisis
resultsin outputloss, butthe economy subsequentlyrecovers to the pre-crisis growth trend.
The exampleon theright, in contrast, shows an economy in whichthecrisishas a permanent
effect and theeconomy is shifted onto a lower growth trend.

Figure 1. Assessing the costs of financial crisis

GDP

——Trend

~—Trend
-=-=Trend after crisis

Crisis Time Crisis Time

Source: BCBS (2010), p. 9.

Chart1alsoillustrates fourdifferentapproaches to setting startand end points of cost
calculations:”2 (i) From the pre-crisis peakin GDP to the lowest point before GDP starts to
increaseagain (between pointAand B). (ii) From the pre-crisis peak to the point where the
GDP growth rate, i.e.the slope ofthecurve, returns toits pre-crisis level (Ato C. (iii) From the
pre-crisis peakuntil the GDP level returnstoits pre-crisis growth trend (Ato D in the left-hand
example). (iv) Allow for permanent effects of the crisis whereby the economy shifts to a |ower
growth path. The difference between the pre-and post-crisis trend is denoted § in Chart 1.
Permanent effects and cumulative losses mean thatthe costof thecrisisis measured

duringallyears fromthe onset of thecrisis and over an infinite horizon. Thisis notas
dramaticasitsounds. In effect, itmeans thata crisis entails “lost” years thatare not
subsequently recouped. The economy returns to its pre-crisis growth rate, but the lostyears
mean thatin each subsequentyear the GDP level is lower than itwould have been without
the crisis.

In caseof permanent effects the presentvalue of the future outputloss can be
calculated according to the following formula:

)

4

Cumulative loss =

1 . .
wherea = o andr is thediscountrate.”3
T

70 Romer and Romer (2015), p. 8.

7! In many studies there is no explicitly stated assumption about whether the effect is permanent or temporary. However, if only
measuring the cost between a start and an end point, permanent costs are nottaken into account. For the sake of simplification, we will
refer to such studies as estimating non-permanent effects.

72 This section is based on BCBS (2010).

73 BCBS (2010), p. 34.
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Some studies seek to estimate thereduction in GDP during a specific year, or duringa
specified interval immediatelyfollowing the crisis suchas peak-to-trough. Such short-run
estimates will invariably lookmodestcompared to estimates of the cumulative effect of a
lower GDP level in thefuture. The differenceis particularlystark if the crisis is assumed to
have permanent effects, in whichcase the economy never returns to its pre-crisis growth
path.Oneway to arriveatcumulative estimates based on such studies is to calculate the
presentvalueunder theassumptionthatthe estimated short-run effect persistsinto the
future (seefor examplethestudies listed as Infinite horizon (permanent effects)in Table Al1.1
in BCBS,2010).74

Literature review

We review theliteraturein two parts. Thefirst part covers studies that estimate short-run
effects of financial crisis, i.e. costs from the onset of thecrisisto pointB,C,or Din Chart1.
The second partcovers studies thatlook at costsinthelongrun.

Short-run effects

Usinga sampleof 15 developed countries and 22 |ess-developed countries, Hoggarth etal.
(2002) estimate the difference between trend and actual output during a crisis. They find that
the cumulative effect of a financial crisis for devel oped countries on average amounts to
around 21 per centofannual GDP,and around 16 per cent for less-developed countries.
These estimates refer to the cumulative effect during the crisis itself, but do not takeinto
accountlong-run effects on the GDP |evel.

Laeven and Valencia (2008) estimate the costin terms of GDP fromthecrisisand the
three following years. This results in estimates ranging from zero per cent of GDP to around
100 per centwith a mean of around 20 per cent. An update, Laeven and Valencia (2012),
includes alarger sampleand anestimate of the cost of the 2007-2008 financial crisis. The
averageoutputlossforthelatterisestimated to be23 per centof annual GDP in the euro
area and 31 per centinthe United States.

Based on the definition anddatabase of Laeven and Valencia (2008), Cecchettietal.
(2009) finds “tremendous diversity” in the outcomes of different crises.”> Costis measured as
the cumulativelossin GDP over the duration of the crisisinper cent of its pre-crisis peak
level. Using this method ten out of the 40 crisesin thesamplearefound to havelosses of
above 25 per cent of pre-crisis GDP.

Haugh et al.(2009) studies the effects of financial crisis using OECD data on thegap
between outputand potential output. The conclusions arethat the costs varied between
differentcrises in different countries, with the crisisinthe early 1990s of Japan being theonly
one that permanently seems to havelowered the country’s growth rate.

Long-run effects

Some studies analyse whether a financial crisis can be expected to have permanent effects on
GDP, but without estimating the size of the effect. For example, Cerra and Saxena (2005)
argued thatSweden’s financial crisisin the 1990s led to a permanent reduction in GDP. Cerra
and Saxena (2008) use a sample of 190 countries to findfurther evidence thatthe outputloss
is highlypersistent. Ramirez (2009) instead studies the effects of a single crisis, thatof 1893
inthe United States. The results suggest that states which experienced thefinancial crisis,
such as Nebraska, had lower growth than states that were unaffected, such as West Virginia,
for a longtimeafter thecrisis hadbeen resolved. This suggests that effects of financial crisis
arelong-term. Abiad etal. (2009) likewise find thatthe growth ratein generaltends to return
to its pre-crisis level in the medium run, but notthe pre-crisis trend. This would imply
permanentor atleastlong-term effects of thecrisis.

74 Hoggarth et al. (2002), p. 837; BCBS (2010), p. 33.
75 Cecchetti et al. (2009), p. 12.
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Other studies seek to estimate the size of a long-run effect. Boyd et al. (2005) estimates
the actual cost of financial crises in a sample of 23 countries selected from both developed
and less developed countries. The study estimates outputloss in per cent of thereal GDP of
the year preceding thecrisis year, both assuming that the effect of crisisis permanentand
non-permanent. The estimates vary with a mean of 95 per cent for non-permanent effects
and 302 per cent for permanent effects.

Haldane (2010) assumes differentlevels of output|oss from the global financial crisisin
2007-2008thatis permanent(ranging from 25 to 100 per cent). Given these assumptions,
the results range from between 130 and 520 per cent of annual GDP for the UK, and between
90 and 350 for theworld.

BCBS (2010) puts together a large set of different estimations, encompassing many different
methodologies in orderto assess the benefits of higher capital levels. For estimates assuming
non-permanent effect, the medianis 19 per centof pre-crisis GDP, and for estimates
assuming permanent effects, 158 per cent. Puttingtogether both non-permanentand
permanentestimates, the medianis 63 per cent.Sincethestudyincludes both assumptions
of non-permanentand permanent effects, the benchmark cost of a crisis for assessing the
benefitof higher capital levelsissetat 63 per cent of pre-crisis GDP.

Recent researchindicates that the costof a financial crisis may be higherthan
previously thought. In particular, experience since the outbreak of the recent global financial
crisis suggests effects thatare more severe than initially expected. Ball (2014)finds that the
effect of the financial crisis was very diverse across countries, but thatthere was evidence for
stronglong-term effects. The weighted average outputlossin theyear 2015 alone was
estimated at 8.4 per cent.

Fender and Lewrick (2015) translates the one-year estimatefromBall (2014) to a
presentvalue of future outputlosses, assuming permanent effects, to find animplied a cost
of 180 per cent of pre-crisis GDP.”® Using this and other recent estimates, the study
subsequently updates the 63 per cent estimate of BCBS (2010)to 100 per centto accountfor
the economic downturn of the global financial crisis proving to be longer, and hence the cost
of the crisis higher, than was expected in 2010.

Table 1 summarises theresults of the studies discussed above.

Table 1. Estimates of the cumulative cost of financial crisis

Per cent of GDP
Study Mean Min Max Assumption
Hoggarthet al. (2002)77 16 0 122 Non-permanent
Laevenand Valencia (2008) | 20 0 123 Non-permanent
Haugh etal. (2009) 21 10 40 Non-permanent
Cecchettiet al. (2009) 18 0 129 Non-permanent
Boyd etal. (2005)* 97 0 194 Non-permanent
Boyd etal. (2005)** 302 0 1041 Permanent
BCBS (2010)* 19 0 130 Non-permanent
BCBS (2010)** 145 0 1041 Permanent
Haldane (2010) 268 90 500 Permanent
Ball (2014)* 8.4 0 35 Non-permanent
Ball (2014)**78 180 0 1035 Permanent

Note: For studies in which estimates for both non-permanent and permanent effects are given, the non-permanent are marked with *
and permanent effects are marked with **.

76 BCBS (2015), p. 48.
77 Estimates are for industrial countries, using GAP2 methodology. See Hoggarth et al. (2002) for further details.
78 Re-estimated for mean by Fender and Lewrick (2015), and maximum by the presentauthor.
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Cost of a Swedish financial crisis

The banking crisis that Sweden experienced in the early 1990s sheds some light on the
possible magnitude of a future crisisinSweden. On onehand somefactors suggestthatthis
costmighthaveincreased. Aboveallthe Swedish banking sector has grown substantially
sincetheearly1990s. Intheyear beforethe crisis the assets of the Swedish banking sector
accounted for roughly 100 per cent of GDP.7° Today the number is closerto around 350 per
cent of GDP. Problems in a proportionally bigger banking sector, all else being equal, are likely
to havea greater impacton an economy. On the other hand somefactorsincludinga number
of reforms sincethe 1990s suggest a lower cost. These reforms include for instance
independence of thecentral bank, newregulations and new resolution framework. Itis
difficultto objectivelyweigh these different factors against each other, so ourbest estimate,
is thatitis notunlikely thatthe costof a futurecrisisin Sweden might be similarto that of the
1990s.

Effects of the 1990s crisis
The financial crisis of the early 1990s entailed a significant decline in economicoutput
between the startandtheend of the crisis (Chart 2).

Chart 1. Swedish real GDP
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Source: National Institute of Economic Research

The crisis entailed considerable public costs. Government debtincreased sharply (Chart 3),in
partdueto a governmentbailout of the banking sector, butalso to a crisis-induced reduction
intax revenues and increases in publicexpenditures.

72 Based on calculations from Statistisk &rsbok for Sverige 1992, p. 224, 277.
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Chart 2. Swedish govemment debt
Per cent of GDP
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Unemploymentincreased fromaround two per centto around ten per cent(Chart4). When
the crisis was over, unemployment was reduced, butsettled on a level that was higher than
beforethe crisis. Although there are several potential reasons for thisincrease, one
interpretation is thatthecrisis broughton a permanentincreasein unemployment.8°

Chart 3. Swedish unemployment rate
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The crisisalso caused anupsurgeinthe number of bankruptcies (Chart 5).

80 Cerra and Saxena (2005).



LAMPLIG KAPITALNIVA | SVENSKA STORBANKER —N YA P ERSPEK TIV

Chart 4. Total number of bankruptcies for companies in Sweden
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Againsta backdrop of sharply increased default rates and highunemploymentlevels, the
number of heavily indebted individuals grew. New legislation enacted in 1994 to mitigate the
problem was only partially successful. In 2013 there werestill 95,000 people who had debt
with the Swedish Enforcement Agency (Kronofogdemyndigheten) that originated from
around thetime of the 1990s crisis.3?

What would the output loss of a Swedish crisis be?

Several factors suggestthatthe costof crisisin Sweden can be expected to be higher thanan
international mean. The Swedish banking sectorislargein relationto thesize of the
economy, equivalentto approximately 350 per centof GDP. In addition, itis highly
concentrated, dominated by four major banks thatare highlyinterconnected. Banks also play
a dominantrolein the provision of creditto companies and households: the corporate bond
marketis small,and mortgages are provided by banks andaretypically notsecuritised. This
implies thatalternative sources of finance may be more difficult to access if Swedish banks
areunder stress, suggesting thata banking crisis wouldresultin a moreseverecredit crunch
thaninlessbank-oriented economies. Overall, these factors indicate thata future Swedish
crisiscouldbe moreseverethan aninternational mean.

There have been a number of attempts to estimate the cost of the Swedish crisisin the
1990s (see Table 2 for summary of different estimates of the cost of a crisisin Sweden). Most
of them however only assume non-permanent effects which risks understating the costinthe
event of the effects being permanentor long-run.82 The study that has been chosen hereas
the benchmark estimate for the cost of the 1990s crisisis Boyd etal.(2005). The main reason
is thatitistheonlystudy thatestimatesa cumulative net presentvalue cost of the 1990s
crisisin Sweden assuming both non-permanent effects and permanent effects and withina
coherent framework. Assuming non-permanent effects, Boyd etal. (2005)estimatethe cost
to be around 101 per cent of GDP, and 257 per cent assuming permanent effects .83

Inorder toreach a baseline estimate, the average of the estimates of the costfor non-
permanentand permanent effects is calculated. Theresultis roughly 180 per centof pre-
crisis GDP. An estimated cost of crisis of 180 per cent can be compared to the updated
international median estimated by Fender and Lewrick (2015) ataround 100 per cent. Based
on Ball (2014) Fender and Lewrick (2015) also reachthe number of 180 per cent for the

8150U 2013:78, p. 37.

82 See Laeven and Valencia (2008), Haugh et al. (2009), Cecchettiet al. (2009).

83 Boyd et al. (2005) also performs a calculation in which the end point of summing the costs is simply when they run out of actual data.
The authors note that thisis “surely inappropriate” and so we ignore this number (Boyd et al., 2005, p. 994).
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financial crisis of 2007-2008.This resultis based on the assumptionof a discountrate of 5 per
cent. Recentanalysis suggests however thatequilibriuminterest rates may have declined
which would suggest thatusing a lower discount rate would be appropriate.84 In general a
lower discountrate means thatthe presentvalue of the future outputlossincreases, pointing
to a higher cost of crisis. This serves to strengthen our argument that our estimates are high
butnot unreasonable.

Table 2. Ballpark estimate of the cost of a future systemic Swedish financial crisis
Per cent of pre-crisis GDP

Estimate Cost (per cent of GDP) Comment
Sweden, crisis 1990-1994

Boyd et al. (2005), non-permanent 101

Boyd et al. (2005), permanent 257

International average

Fender and Lewrick (2015) 100

Ball (2014) 180 Re-estimated by Fender and Lewrick (2015)

Riksbank (2017) baseline estimate 180 Average of Boyd et al. (2005) high and low
Conclusion

Inthe above, we have described common approaches to estimating the cost of financial
crises and reviewed relevant empirical literature. We have argued thattherearereasons to
expecta financialcrisisto be particularly costly foran economy like that of Sweden. Drawing
on existing empirical estimates of the cost of the Swedish crisis in the 1990s, our conclusion is
thatthe costof a future Swedish crisis could amountto 180 per cent of GDP in presentva lue
terms, or possibly even higher. This estimateis broadly in line with other comparable studies.
Whilerecognising the uncertainty surrounding estimates of this kind, we conclude that
existing research provides strong supportfor the notion that financial crises canentail very
large social costs.

84 Sveriges Riksbank (2017), p. 14-17.
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Appendix D - Structural estimates of the
probability of a bankingcrisis at different
levels of capital

Markus Andersson and Daniel Buncic

Introduction

The probability of a banking crisis is linked to the default probability of individual banks. A
large body of literature deals with the estimation of default probabilities of i ndividual firms.
Whilethe nature of banking activities make banks a distinct type of firm, we can nonetheless
draw on this literatureto shed somelight on the default probability of banks.

Inessence, therearetwo differentapproachesto modelling probabilities of default. One
is reduced form, the other is structural. Reduced form models approximate the properties of
the observed data as closely as possible without being confined by potentially constraining
assumptions of a theoretical model. Structural models are derived from asset pricing theory
and require clear definitions about the stochastic properties of the process of interest.

We implementa standard structural probability of default (PD) model based on Merton
(1974). The Merton model is commonly used as abenchmark structural PD model when new
models are proposed (see for instance, Bharath and Shumway, 2008; and, with an application
to banks, Nagel and Purnanandam, 2016), and is still widelyused by specialised practitioners
inthefinancialindustry.

Whilethestandard Merton model approach provides a benchmark, weareawarethatit
has several drawbacks when it comes to estimating the probability of default of a bank (some
of these arediscussed furtherin a more general settingin Nagel and Purnanandam (2016)
and others). In particular, the estimated PDs are sensitive to the volatility of the banks’ assets,
whichisan unobserved process and needs to be estimated from data. Moreover, oncethe
distanceto defaultis determined fromthe model parameters, the likelihood of defaultis
determined under a normal or Gaussian distribution, which does notallow for fattails, a
feature commonly encountered with data on historical bank losses. This property of the
Merton model based PD estimates is likely to indicate a largerreductionin the probability of
defaultforincreasinglevels of capital and for a fixed level of vol atility than seems plausible
from empiricallyobserved lossdistributions. | n Appendix E of this staff memo, a reduced
formanalysisis presented which uses a long time-series of historical losses in the entire
Swedish banking system and a more flexible statistical model thatis not confined by the
assumptions of a theoreticalmodel, to offer a contrasting approach.

Whilerecognizing the drawbacks of the Merton model, the intention of thisstudyisto
performa scenario based analysis of the probability of default obtained froma standardand
well known model for different levels of capital. More specifically, we ask the fol lowing
question: “Whatisthelikelihood of a banking crisis at different levels of capital, assuming
thatassetvaluevolatility can take on values that have historically been experienced in the
Swedish data?” Weshowthat moreequity inrelationto total assets significantly reduces the
probability of a banking crisis.
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Modelling the probability of default of a bank

In the Merton model, Equity (E) is a call option on the “Value” (V) of the assetsof a firm,
with a strike price equal to the face value of Debt (D), due atmaturity T.8° Equity is defined by
the Black-Scholes-Merton (BSM) equations as:

E=Vd(d,) — exp (—1}T) D (d,)
L In(5) + Gy + 0507

! o NT
dy=d,— o, T,

(1)

where 7; is therisk-freerate, @ isthe cumulative density function(cdf) of a standard normal

randomvariable,and gy, isthevolatility of V. Fromthe (option’s) delta of the equity, equity
volatility is related to asset volatility by:

o5 = = d(dy)oy, (2)

where oy is equity volatility. Theaboveresults arederived underthe assumption thatthe
value of theassets of a firm follows a Geometric Brownian Motion (or diffusion process):

dv, = pyV,dt + o,V dW,, 3)

where W, is Brownian motion (increments are standard normal),and p, is a driftterm,

sothat the logof the Vt process is distributed normal:

In(V,) ~N(In(V) + (u, — 0.562)T, 02T)
or (4)
In(v;.) = In(V,) + (uy — 0.562)T + o,NTZy,

where Z; aisstandard normal distributed randomvariable. Defaultoccurs when V; <
D, i.e. the valueof a firm’s assets atmaturity T are less than the debt obligation D
payableatmaturity. Usingthe relations above, the probability of default is then defined

as:

Pr(V, < D) = Pr(In(V;) < In(D)) (5)
= Pr(In(i}) + (uy — 0.562)T + 0,VTZ; < In(D))

= Pr <aVﬁZT < 1n(V2) - (u, - 0.5a§)T)

0

D 2
ln(%) — (u, — 0.562)T
T

=Pr| Z; <

85 The Merton model assumes that debt is a zero-coupon bond with face value D and maturity T. Moreover, markets are assumed to be
frictionless, i.e., there are no transaction costor any other fees, and that the firm cannot pay out dividends or issue new debt. For a full
list of assumptions underlying the Merton model, we refer the reader to the review by Sundaresan (2013). Sundaresan (2013) also offers
adiscussion on how reasonable these assumptions are.
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The fractionin thelastexpressionin (5) can berewritten as:

ln(%) — (u, — 0.502)T 1n(%l) +(u, — 0.562)T

o, NT - o, NT
= —dd,

(6)

where
V
In (ﬁ-) + (p, — 0.502)T
T

dd =
(7)

The term ddis known as the “distance to default”. The probability of default follows as:

Pr(V; <D) = o(—dd).
(8)

Two of the key inputs into the Merton model pricing equations are the market value of
assets of thefirm (V), and its volatility (o). Since these two are unknown and/or
unobservable, they are obtained fromthe BSM option pricing relations defined by:

E=V®(d,) — exp{—7T} DD (d,)
%4
o = Ed?'(dl)av,
(9)
for given values ofE,1} ,D, o, andtimeto maturity T.

To solvefor Vand g, in (9), thefollowinginputsarerequired:

1) The marketvalueof equity (E). This is computed as the number of outstanding
shares onissue (Bloomberg Code: EQY_SH_OUT) multiplied by the stock price
(Bloomberg Code: PX_LAST).

2) Equity volatility 0. This is estimated from daily | og returns of the stock prices,

Py
where returns arecomputed asIn .
t-1

3) Therisk-freerater; . Weusethe oneyear treasury (government) rate (Bloomberg
Code: C2591Y Index). Weset a floorfor therisk-free rate of 10 basis points (bp).

4) ThefacevalueofdebtDatmaturity. Wetaketotal liabilities for debt (Bloomberg
Code: BS_TOT_LIAB2).

We sourceall data from Bloomberg. Due to the different frequencies of the series used,
the starting dates as well as the length of the available samples differacross banks and
variables. For instance, equity prices as well as the risk-freerate are available at daily
frequencies from 2"d of January 1990for SEB, 4" of January 1993 for SHB, 9t" of June 1995 for
Swedbank, and 8t of December 1997 for Nordea, and from 25t of February 1994 forthe one
year rate. Both, the book value of Debt (total liabilities) and the number of outstanding
shares onissueareaccounting data and areonlyavailableata quarterly frequency. Debt data
startin March 1997 for SEB and SHB, and March 1999 for Nordea and Swedbank, whilethe
number of shares outstanding are available from March 1992 for SHB, June 1995 for
Swedbank, and March, respectively, June 1998 for Nordea and SEB. All daily dataend on 27t
of April 2017, whilethe quarterlyseries are available until the end of March 2017.
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We follow standard practice and use total liabilities as the face value of debt (see
Bharath and Shumway(2008), page 1344 and Crosbieand Bohn (2003) page 7). Whileitis
possiblethat firms may continue to trade oncetotal liabilities exceed the value of their assets
due to the long-term nature of some of their liabilities, which may notrequireservicing at
maturity T, itis truethatthe default point lies somewhere between total liabilities and
current/short-term liabilities. Taking total liabilities as the default pointis thus more
conservativeand isthe common approachin practice (seealsothediscussion on page7in
Crosbieand Bohn (2003)).

As is discussed in more detail on pages 10—11in Crosbieand Bohn (2003), itis the
market value of the firm'’s assets that matters for the probability of defaultin the Merton
model, and therefore for thefirmthatis analysed. Theinterestratespreadthatfirmspay
over the default-freerateis directly linked to the market’s perception (pricing) of thefirm’s
ability to serviceand repay its debt obligations. Put differently, the (default) risk premium
thatis paid by thefirmisa function of the market’s computed probability of default. As
market prices of assets are “forward-looking”, so will be the market price of the value of the
firm,and thus also its PD. The book value of the firmis a backward-looking variable.

For afixed level In (‘;—0) in(7),itisthevolatility of thefirm’sassetvalue (g, ) thatis the

key parameter in the Merton model. Given the link between asset value volatility and equity
volatility in(9), and the empirical fact that equity volatilityis not time-invariant, itshould be
clear thatassetvaluevolatility (g, ) is also time-invariant. It thus seems unlikely that the
simple diffusion specification in (3) with time-invariant volatility is a realistic process for 1} .
Further, (unconditional)assetreturns are known to exhibit “fat tails”. Aconvenient way to
address these deficiencies is to specify a time-varying volatility process. Moreover, itis well
known thatrescaling unconditional assetreturns by anappropriate measure of asset
variability will substantiallyreduce, if not eliminate, “fat tails” (see for example Corsi etal.
(2013), p. 286, for anillustration of S&P 5001 og-returns rescaled by an unconditional volatility
and an appropriate “realised volatility” measure).

Nagel and Purnanandam (2016) discuss in more detail theimportance of allowing fora
time-varying volatility process and how low volatility states adversely reduce the probability
of defaultin the Merton model (seein particular pages 16—19).86

To be ableto capturevolatility states (or changesinvolatility) in equity returns and then
map them to assetvolatility, Nagel and Purnanandam (2016) use a 1-year (backward) rolling
window of data to compute (time-varying)volatility (see page 21). The Merton model,
nevertheless, requires forward-looking volatility over the horizon of the maturity of the asset
of interest. This forward-looking volatility is commonly replaced by a backward-looking
measure by practitioners, thatis, eithera 1-yearrollingwindow asinNagel and
Purnanandam (2016), or a 3-yearrolling window based on weekly equity return data.

We construct 1-year forward rolling window estimates of the vol atility of equity. Our
motivation fordoingthisisto be as consistent with the definition of volatility in the Merton
model as possible. Thatis, we define equity volatility o to beusedin (9) to back outV; and
oy as theunconditional volatility computed from equity returns over the next 1-year horizon,
thatis, over thenext 252 days. Weroll forward through the sample to getdaily estimates.
Note thatthese 1-year forward rolling window estimates are numerically identical to the 1-
year backward rolling window estimates, theapproachused in Nagel and Purnanandam
(2016).Theonly difference arethe recorded time stamps. Our preference for usinga 1-year
forward rollingwindow is driven by the fact that we have the benefit of hindsightand know
exactly how equity prices, and hence equity volatilities, have evolved over the year ahead
froma given pointin time, thatis, over the maturity horizonconsidered in the PD
calculations. Evidently, thisis not feasible when wanting to construct real time PD estimates.

86 Note here that the objective of Nagel and Purnanandam (2016) is not to model asset volatility, but tointroduce a new double
contingent claim-based default model that takes into account the factthat bank risk dynamics are non-linear in the sense that the upside
is capped. However, what is clear from the discussion on pages 16-19in Nagel and Purnanandam (2016),and also from the default
probability plot comparison on page 24 (Figure 8 in their paper), is that the Merton model consistently underestimates default
probabilities in low volatility states, while it performs reasonably (sometimes overstating PDs) in states of high volatility ..
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However, since our objectiveis to implementa scenario based analysis, where we compute
PD estimates based on various historical asset value volatilities and different capital levels,
our approach eliminates an additional layer of uncertainty with regards to one of the key
input parameters inthe model. In the analysis that follows, we use the percentiles of the
estimated historical asset value volatilities o}, in a scenario based analysis of the effect of
different capital levels on the probability of a banking crisis in Sweden.

PD estimates of individual banks

To compute the PDs, we initially need to extract the unobserved components V, and g, from
the BSM option pricing relationsin (9). As discussed above, we use (daily) 1-yearforward
rolling window estimates of the volatility of equity (o) in (9). All remaining accounting data,
i.e., the number of outstanding shares on issue and total liabilities (debt) are at quarterly
frequencies. We create daily accounting data from the quarterly series and fill missing entries
with the mostrecentknown values fromthe quarterlyseries. Thus, if debtinformation (total
liabilities) is available for the March quarter (31.03), wefill all following daily date entries with
the samevalue until the June quarter figures are available from 30.06 onwards. For all PD
calculations, we use a maturity horizon of oneyear.

Charts 1to 3 belowshowdaily time series plots of equity prices for the four largest
Swedish banks (Nordea, SEB, SHB and Swedbank) together with estimates of (annualised) 1-
year forward equity volatility (o), and the corresponding 1-year forward asset value volatility
(o) computed fromthe Merton model relationsin (9), allexpressed in percentand plotted
over the entireavailable data range for therespective series of interest. The first two charts
illustrate the familiarrelationship between equity prices andequity volatility. Volatility is
generallylow when equity prices arerising, and tends to rise when equity prices drop (the
leverage effect). Moreover, equity volatility is time-varying and tends to cluster. Assetvalue
volatility (g,/), shown in thelast chart, is alsostrongly time-varying and clusters. Note from
chart 2 thatthe highestvalue of equity volatility (o) of around 120 per centfor SEB occurs at
the end of 1992. However, this highest level of equity volatility is not captured in oursample
of assetvaluevolatility (o), due to the lack of accounting data (debt data startin March 1997
for SEB) needed to back out o, fromtherelationsin (9). Wethinkthatthisisimportantto
highlighthereand shouldbekeptin mind when considering what equityvolatility
magnitudes seem plausible from a historical perspective, which arethen used as aninputin
the dd formula for the construction of the scenario based PDs. Thatis, the maximumvalue of
the observed historical 1-year forward equity volatility is 20 percentage points higherthan
the maximumin our sample for which debt data areavailable, i.e., from 1998 onwards.

The directimpact of changes in oy, on the probability of defaultin the Merton model is
mostclearly seen fromthe distance to default (dd) relationin (7), where g, notonly enters in
the denominator, which amplifies or dampens the magnitude of dd, butalso inthe
numerator, which shifts the location of the mean (the —0.5013T term).
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Chart 1. Equity price, the four major Swedish banks
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Chart 2. Equity volatility, the four major Swedish banks
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Chart 3. Asset wolatility, the four major Swedish banks
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In the analysis that follows, we consider a total of five different “plausible” values of
assetvaluevolatility o, thathave historically been observed when we construct PDs for the
four banks, and later on for the entire Swedish banking system. Thesearebased on the 50th,
75th, 90th, 95thand 99t percentiles of a;,. Two other inputs needed for the Merton model -

based PD calculations to beimplemented arethedrifttermof assetvalue (1) and In (‘;—O)
We usethe cross-sectional mean of thetime series average of the book value of return on
assets (ROA) to proxythe growth rate of assets. Thisvalueisaround 0.62 per centin the
samplethatisavailableto us. Overall, and with the exception of the 2008—2009 period, ROA
seems to be a fairly stable process, ranging between 0.4 and 0.8 per cent (in annualised
terms).8” We setthe drifttermat0.62 per centfor all four banks and all five scenarios.

The finalinputin the Merton model formula is the In (Z—O) term, thatis, (log) assets over

debt. Sinceweareinterested in the effect of different levels of capital (Equity/Assets) on the
probability of a banking crisis in Sweden, we rewrite the following relations as:

Assets = Debt + Equity

Assets Debt  Equity
Assets  Assets = Assets

Debt

= —+ Leverage
Assets g

87 One approach taken by practitioners is to use equity return data to compute a (log) return on equity from historical data, and then
“deleverages” that return to obtain a measure of ROA that can be used to approximate the drift term . Using the historical (log) equity
returns, the cross sectional mean of the time series averages is about 12 per cent (per annum) in ourdata. Average leverage across time
and across the banks is about 23. This implies a deleverage return on equity of about 0.52 per cent, which is somewhat lower than our
considered value of 0.62 per cent. In Riksbank (2011), the growth rate of assets was set to 0.75 per cent for all banks, which was based
on along history of US bank data. Our value of 0.62% is thus approximately in the middle of these two values. Alternatively, the drift
term py could be estimated using an iterative procedure where one first fixes the volatility 4y, at some initial value, then solves for vV
with the second equationin (9), compute log asset value returns, and then update the yy and g, estimates by their (unconditional)
sample mean and standard deviation of the return sequence. The new estimate of ¢y, is then plugged inthe second equation in (9),
solved for V, uy, and oy, is recomputed. This process continues until convergence.
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(1 — Leverage) = —r
everage) = Assets
-1 )-1 Assets
everage = Dbt
In(1 - L ) =1 (Asset5>
n everage) = In Debt )’

(10)
andreplaceln (‘;—0) with —In(1 — Leverage) inthedd relationin(7). The effective
computation of the PDs based on different capital requirements is then based on the
following modified distance to default (dd*) formula:

—In(1 — Leverage) + (u, — 0.562)T
d*= .
o NT
(11)

We estimate the model for capitallevels (or leverage ratios) ranging from 2 to 20 per cent of
total assets. In thetables anddiscussion that follow below, we refer to the total equity to
total assetsratioastheleverageratio, or simply, asleverage.

An important questionis what level of equity to total assets to consider as critical or a
defaultpoint (seealsotheintroductionor main document for additional discussion). We
examinetwo cases. Ifthevalue of assets falls below the face value of debt, the firmis
insolvent. This corresponds to an equity level of 0 per centand isthefirst case we consider.
Pastexperience, however, suggests thatbanks canrun into serious difficulties also before
equity is depleted. Setting the critical level athigher levels than 0 per centresultsinhigher PD
estimates. Onerelevantlevel to consider is when the bank s violating existing capital
regulations and risks eitherlosingits licence or entering resolution. Current regulationfocuses
on risk-weighted ratios. In terms of equity to total assets, we letthe level of 1.5 per cent
representthis threshold, as an approximation. Thisisthesecond casethatweconsider.

Estimating the probability of a banking crisis

We usethe model described above to generate (physical or historical) PD estimates for the
individual banks. Taking theseindividual estimates as a starting point, we turn to the question
of the probability of a banking crisisinSweden. In order to map the PDs of the individual
banks to the probability of a banking crisis —in effect, a PD for the banking system —we need
to specify moreclearly whata banking crisis is considered to be.

We definea banking crisis as the occurrence of one (or more) of the four large Swedish
banks defaulting. The same assumptionwas madein Riksbank (2011). Given the high degree
of concentration andinterconnectedness inthe Swedish banking system, we find this
assumptionto bereasonable. In addition, we takeinto accountthe historically observed
positive and time-varying correlations between the banks’ equity returns.

Given theseassumptions, the probability of a banking crisis can then be obtained as 1
minus the probability of all banks not defaulting. Let dd; denote the (modified) distance to
defaultfor bankj, with the probability of default for bankjinthe Merton model given by
®(—ddj)or1— ®(dd;). The probability of a bank notdefaultingisthus 1 — dJ(—dd;) =
1-—- (1 - Cb(ddj*)) = db(dd;). To computethe joint probability of all banks not defaulting,

we need to compute the jointcdf. For independent events, thisjoint cdfis the product of the
marginal (individual) cdfs, so that the probability of allbanks not defaultingis [ %, o(dd)).

The probability of atleast one bank defaulting thus follows as the complement:

1- 1L, d(dd)). (12)
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For dependent default events, we compute the joint cdf from the individual marginal
cdfs, a correlationmatrix R, and aggregate these using a Copula (linking) function. For
consistency with the Merton model, we usea Gaussian Copula and estimate a time-varying
correlation matrix of equity returns using the DCC GARCH model of Engle (2002). Thesix
pairwise correlations thatare estimated fromthe model areshowninthechart 4 below. We
computethe cross-sectional average of the six pairwise correlations and superimpose a plot
of this averagein blackin the chartbelow.

Chart4 shows thatallcorrelation pairs are always strictly positive, and that the
correlations varyover a fairly narrow range between 0.4 and 0.8 for the largest part of the
sample. Given therather narrow variation in the correlations (correlations are defined over
the -1to 1interval), wefollow theapproach used for thedrifttermand usea single
correlation matrix R which corresponds to the “average” correlation matrixfor all five
considered scenarios. This correlationmatrix is set to the one that corresponds to the time
series mean of the cross sectional average correlations.

Chart 4. Pairwise correlations between the four major Swedish banks
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Given the correlationmatrices Rand theindividual banks’ probabilities of not defaulting
®(dd;), we compute the joint probability of not defaulting as
C(@(dd;), @(dd;), @(ddy),®(dd}), R), where C (+)is the Gaussian Copula function. The
probability of a banking crisis is again computed as the complementevent 1 —
C(@(dd;), @(dd;), @(ddy),®(dd;), R). Tables 1 and 2 below show these probabilities
computed for correlated asset returns for the two examined threshold levels of equity less
than zero, and equity lessthan 1.5 per cent of total assets, respectively.
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Table 1. Equityless than zero, correlated assets

Per cent

Leverage ggth 95th 9ot 75th 5Qth
ratio Percentile Percentile Percentile Percentile Percentile
2 41.95 33.24 25.61 13.12 4.06
3 29.97 19.99 12.66 3.79 0.40
4 19.97 10.66 5.25 0.79 0.02
5 12.38 5.02 1.82 0.12 0.00
6 7.13 2.09 0.53 0.01 0.00
7 3.80 0.75 0.12 0.00 0.00
8 1.87 0.24 0.02 0.00 0.00
9 0.85 0.06 0.00 0.00 0.00
10 0.35 0.02 0.00 0.00 0.00
Table 2. Equityless than 1.5 per cent of total assets, correlated assets
Per cent
Leverage ggth 95th 9Qth 75th 50th
ratio Percentile Percentile Percentile Percentile Percentile

2 61.39 57.51 53.66 45.61 35.54
3 48.40 41.02 34.16 21.55 9.89
4 35.76 26.17 18.41 7.34 1.40
5 24.68 14.83 8.34 1.80 0.10
6 15.87 7.43 3.16 0.33 0.00
7 9.49 3.28 1.00 0.04 0.00
8 5.26 1.27 0.26 0.00 0.00
9 2.70 043 0.05 0.00 0.00
10 1.27 0.12 0.01 0.00 0.00

We alsoconsider the scenario where bank defaults areindependent of one another
(“uncorrelated assets”) as an alternative, where the joint cdfis computed as the product of
the marginal cdfs of theindividual banks, with a banking crisis againdefined asin (12) before.
However, to conserve space, we do notreportthese estimates here, butrather pointoutthat
the PDs with independent defaults are higherthan those based on correlated ones.

Intuitively, thisis bestunderstoodin the context of an example with two events (A and
B). Fromfundamental probability theory we know thatthe union of events A and B, thatis, A,
and/or Boccur, isdefined as:

P(AuB)=PA)+PB)-rPMANB)
=P) + P(B) — P(AIB)P(B).
(13)

When events A and Bareindependent, P(A|B) =P(A), so that the probability of the union
becomes:

P(AuB) =P +PB) - PAPMB)
=PA +PB)I1-PA],
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while for the case when the events are perfectly “correlated”, or Ais predictable with
certainty once Bhasoccurred (P(A|B) = 1), weobtain P(A|B)P(B) = P(B), sothatthe
relationin(13)becomes:

P(AuB) =PU) +P(B) —P(B)
= P(4).
(15)

Thus, unless P(B) [1 — P(A)] = 0 (when either P(B) = 0 or P(4) = 1) the probalbility of
the union of the events is always going to belarger under theindependentscenariothan
under the perfectly correlated one.

Note here also that, although we have used the Copula linking functionto compute the
jointcdf of no bank defaulting, one can always build up thejoint cdf from the product of the
conditionals (and an initial marginal)as:

PANnBncCcnD) =PAIBncnD)PBIC nD)P(cID)P(D).
(16)

To do this, all thatis needed from the Merton model is one (marginal) cdf of not defaulting
(availablefromtheindividual bankPDs), and some statements about the conditional
probabilities,i.e., P(A|B n ¢ n D),P(BIC n D),and P(CID) abovein (16). Banking
supervisors and/orspecialists may have a fairly strong view on what these conditional
probabilities should look like, based on, for instance, theirinstitutional knowledge. As an
example of howthis can bedone,if oneknows thatbank D did notdefault, then one might
be confidentto say thatbank Cwill default only with a low probability of 3 per cent. Similarly,
if both Cand D did notdefault, then the probability of B defaulting (given Cand D did not
default)iseven smaller at0.5 per cent, etc. The jointcdfin(15) can then be builtup
iteratively as the product by starting from the marginal cdf taken from the Merton model
PDs, and (subjective) assumptions on the conditional cdfs.

Conclusion

We usea standard Merton model to estimate the probability of default for the four large
Swedish banks. Based on these PDs and the historical correlationbetween the banks’ equity
returns, we estimate the probability of a banking crisis at differentlevels of capital to total
assets, wherea bankingcrisisis defined as the probability of atleast one of the four major
banks failing. Our model estimates show thatadditional equity reduces the probability of a
banking crisis. However, the reduction in the probability of a crisis that follows froman
increaseinequity declines quite rapidlyathigher capital levels. Thereason for thisis that the
amount of tail riskis modestas a result of both the assumptions of the model and the
scenario based analysis that weimplement.

Whileour results serve as a benchmark, we wish to emphasisethatthis approach has
several drawbacks. In particular, the estimated PDs are sensitive to the estimate of the
volatility of the banks’ assets. Although we proxy the time-varying nature of volatility by using
a 1-year forward rolling window to capture the actual volatility realized over the default
horizon of oneyear thatwe consider, performing a scenarios based analysis for different
levels of capital to total assets andthe historically observed asset value vol atilities does not
capturethefactthatbanklosses aregenerally fat tailed distributed and thatthey cluster.
Another drawbackisthatwecannotcapturethe high level of equity volatility experienced
duringthe 1990s housing crisis due to the lack of accounting and equity price data going back
thatfar which are needed to back outassetvaluevolatilities. Both of these limitations are
likelytolead usto underestimate the probability of a banking crisis in the Swedish banking
system.
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AppendixE - A reduced form model for assessing
the probability of a bankingcrisis

Paolo Giordani

Introduction

In order to evaluate the effects of higher capital requirements, we need to estimate their
impacton the probability of default of Swedish banks. The mostcommon approachisto use
some version of the Merton model, which does notrequire knowledge of the value of assets,
asinAppendixD.

Here, we complement Appendix D by opting for a differentapproach. Weusea long
time series for creditlosses inthe Swedish banking system and model such losses directly
rather thaninferring them via stock market prices, asin the Merton model.

We baseour analysis on a historical dataset (Hortlund, 2005; 2008) covering the period
1870-2008for a yearly aggregate of Swedish banks, reporting: a) credit losses, b) total assets,
and c) capital. Since the historical dataset onlygives aggregate data, our analysis willmake
statements aboutthe aggregate of all Swedish banks, in effect treating the entire systemas
one largebank. As a result, the default probabilities will be lower than if we had data on
individual banks anddefined a defaultevent for one major bankin default.

The datasetincludes creditlosses but not profits oroverall return on equity. To
calculate profits after creditlosses, we assume that performingloans earna net margin of
0.75 per cent. In the historical dataset this would correspond to an averagereturn on assets,
after creditlosses, of 0.4 per cent, which, atcurrentleverage ratios (capital to assets of 4-5
per cent) translatesinto areturn on equity of 8—10 per centon average (including periods of
high losses). Outsidethe three crisis periods (see Chart 1), creditlosses are smaller and the
corresponding returnon equity atcurrentleverageratiosis 12—17 per cent. Returns on assets
inany given year arethus computed as:

Return onassets = L + 0.0075(1 + L)

Credit Losses

Assets

To computea probability of defaultas a functionof the capital ratio (equity over assets), we
then requirea definition of what constitutes default, and a statisticalmodel for creditlosses.
Equity hereis assumed to be capital to total (i.e. non-risk-weighted) assets, so no model of
risk weightsisneeded.

Defaultis defined as capital over assets falling behind a given threshold. For example, if
the thresholdis O (so that default requires the entire capital to be wiped out), defaultrequires

Capital ratio + Return on assets <0

We consider three critical levels: 0, 1.5, and 3 per cent, as discussed in the main body of this
staff memo.

A statistical model for credit losses

Yearly data on credit losses are shown in Chart 1 below. Losses are very small in most years,
andvery largein three historical episodes. After 1950, losses inmost years are extremely small,
whereas during the crisis of the early 1990s they are comparable to losses in the 1920s.
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Chart 1. Historical losses/assets, 1 year
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Source: Hortlund (2005; 2008)

The empirical distribution is challenging to fit for standard statistical distributions. We
therefore make a non-standard choice and fit a half-t distribution. This is simply a student-t
distribution with zero density for positive values. The probability density function is

P(x) =2-tlx,0,5%v) for x <0 (and P(x) = 0 for x > 0),

where t(x,0,s2,v) is a student-t distribution with mean zero, degrees of freedom v and
dispersion s2.Thedensity is multiplied by two so thatitintegrates to one. The half-normal and
half-tdistribution is sometimes used as a priorin Bayesian analysis. Wearenot awareofany
application of a half-tto model an actual time series, but for the series of losses shown in Chart
1 itmaybe hardto improveonit(see Chart2). A more commonly employed alternative may
have been a Generalized Pareto distribution, or a Generalized Hyperbolic distribution (see
McNeil etal. 2015), which are strictlynon-negative and also have semi-fat tails. In our particular
dataset, visualised in Chart 1, these distributions do not perform nearly as well as a halft (in
log-likelihood), perhaps due to difficulty in capturing the many observations at near-zero
values.

Themodel is estimated with Bayesian methods using fairly disperse priors on log(s?) and
log(v), which imply a lower bound of 1 for v. Maximum-likelihood estimates give very similar
results, except for extremelylow probability events (losses muchlarger than those observed in
sample), where even small changes in the prioraffect theresults and the averaging over draws
oflog(v), as opposed to conditioning on onevalue as in maximum likelihood, resultingin fatter
tails.

Results for a one-year horizon

Chart2 shows a histogram of losses (the same data thatareshown as a timeseries in Chart 1)
inthefirstpanel,and Chart 3 showsthe corresponding histogram (using the sameintervals for
the bins asin Chart 2) produced by the estimated model. The posterior distribution of the
degrees of freedom has a mean of 2,and almost 10 per cent of the draws are between 1 and
1.5. This generates an extremely fat left tail, and yet the model if anything falls short of
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matchingthelargestlossesinthedata. AGaussian distributionor even a symmetric student-t
would beinadequatein our case. Whilethevariance of a student-tdistribution is not defined
unless v islarger than 2,themean absoluteerroris defined for v larger than 1. At v = 1 the
student-t distribution is equivalent to the Cauchy distribution.

Chart 2. Empirical histogram of losses over assets (horizon 1 year). Losses are in per cent.
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Source: Hortlund (2005; 2008)

Chart 3. Model-implied histogram of losses over assets (horizon 1 year). Losses are in per cent.
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Chart4 shows theentiredistributionimplied by the model in thefirst panel, and Chart 5 zooms
in on the tail. For very large losses, the density approaches zero very slowly, showing near
power-law behaviour as a consequence of very low degrees of freedom. Importantly, this
impliesthat, unlike a Gaussiandistribution, this model cangeneratelosses substantially larger
than those observed in sample.
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Chart 4. Density of the estimated half-t distribution (horizon 1 year)
Density, normalized to 1at x=0
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Chart 5. Density of the estimated half-t distribution (horizon1year), x < —2
Density, normalised to 1at x=-2
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Charts 6-8 plotdefault probabilities as a function of starting values of the capital/assets ratio,
for three definitions of default, corresponding to capital over assets below0, 1.5 per centand
3 per cent respectively.
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Chart 6. Probabilities of default as a function of the capital ratio, default at 0 per cent
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Chart 7. Probabilities of default as a function of the capital ratio, default at 1.5 per cent
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Chart 8. Probabilities of default as a function of the capital ratio, default at 3 per cent
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Referring to Charts 6-8, the default probabilities implied by the half-t distribution decrease
smoothly, whereas those implied by the Gaussian (a symmetric and thin-tailed distribution),
decrease sharply. As a consequence, compared to a Gaussian, conclusions on default
probabilities are less sensitive to modest changes in the estimated mean and variance.

Results for a three-year horizon

The model at a one-year horizon captures the extremely long tail in bank losses in any given
year, but a one-year horizon is almost certainly too short considering that in the data large
losses cluster, so that a bad year tends to be followed by another bad year. It is therefore
possiblefor a bank's equity to be wiped outgradually in the course of a few years ratherthan
in a single year. To work with a multi-year horizon we require further assumptions both in
defining defaults and for the statistical model.

To define defaults, we assume that banks cannot raise equity within each three-year
window, but must rely entirely on equity available at the beginning of the period and on
earnings. We also assume that the profit margin on performing loans is constant at 75 basis
points. During the crisis of the early 90s, Swedish banks were in fact able to substantially
increasetheirmargins, particularly atthe expense of households and companies with floating-
rateloans. Itis notobvious whether banks would be ableto repeatthis behaviourto thesame
extent today (Sweden joined the European Union in 1995, after the crisis). Even if they were
ableto boostmargins, the negative macroeconomic and socialimplications may be sizable.

In terms of modelling, one optionwould be to build a dynamic model so thatyearly losses
arenotindependent. Amain advantage of thisapproach is that we could define a defaultifan
established lower boundfor capital over assets is breached atany point during the period (say
three years). An obvious disadvantageis the need to introduce further modelling assumptions
and parameters. We opt instead for a direct modelling approach, in which cumulative losses
over equity are modelled directly at the horizon of interest. This requires less additional
assumptions, but it does have the drawback that we can only make statements concerning
outcomes atthe end of the multi-year period. The probabilities of default produced by a direct
modelling approachshould therefore beinterpreted as a lower bound, since they exclude the
possibility of banks beingin defaultatsome pointduringthetime horizon of interest but not
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at the end of it. Chart 9 shows the cumulative three-year losses. The distribution is just as
asymmetric as at the one-year horizon, if not more.

Chart 9. Cumulative three-year losses over equity
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Source: Hortlund (2005;2008)

The degrees of freedom parameter is again aroundtwo (mean value), producing a thickand
gently sloping left tail similarto theoneshown in Charts 3—4.

Charts 10—12showthe probability of defaultatthe three-year horizon, whichshould be
interpreted as the probability of banks not having sufficient capital atthe end of the three-
year period. Charts 13—15show the same data without a comparison with the Gaussian
distribution. The main feature of interestis thatthe default probabilities implied by a
Gaussian can be highatlow capital ratios (recallthat the Gaussian is symmetric, centred at
the averageloss), butdrop very sharply, whereas the half-t produces gently sloping default
probabilities, never particularly high in anygiven period, but never quite hitting zero either,
so thathigher capital ratios continually reduce the probability of default.
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Chart 10. Probabilities of default as a function of the capital ratio, default at 0 per cent (3-year horizon)
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Chart 11. Probabilities of default as a function of the capital ratio, default at 1.5 per cent (3-year horizon)
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Chart 12. Probabilities of default as a function of the capital ratio, default at 3 per cent (3-year horizon)
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Chart 13. Probabilities of default as a function of the capital ratio, default at 0 per cent (3-year horizon)
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Chart 14. Probabilities of default as a function of the capital ratio, default at 1.5 per cent (3-year horizon)
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Chart 15. Probabilities of default as a function of the capital ratio, default at 3 per cent (3-year horizon)
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An advantage of replacing a Gaussian or a similarly thin-tailed symmetric distribution with a
less unrealistic alternative is that results are more robust to variations in assumptions and
sample. Charts 5-7 and Charts 10-12 show how the default probabilities implied by the
Gaussian are much more sensitive to the threshold used to define default. From the same
Charts wecan safely imply thatthe half-t willalso beless sensitive to the precise definition of
the capital ratio (for example to different risk weights).
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Conclusion

We have presented a simple model in which losses for the Swedish banking systemare
modelled directly rather than beinginferred from stockprices. The most salient feature of the
historical data, which cover the period from 1870t0 2008, is thatlong periods of small | osses
areinterrupted by shorter periods of very large losses. A half-t distribution with very low
degrees of freedom does a much better job than a Gaussian atreproducing these features of
the data, and yeteven this model struggles to match thelargestlosses in the data.

Ininterpretingtheresults itis also useful to keep in mind that computations of low
probability events necessarilyrelyon assumptions more heavily than computations of higher
probability events, andtherefore thatthe further outin thetail (i.e. the smaller the
probability), the moreresults are driven by assumptions (in our case, by the choice of a half-t
distribution) and by sampling error.

The main conclusion of our exerciseis that, compared to a Gaussian distribution, a more
accurate statistical model of bank losses lead to substantially different conclusions regarding
the effects of different capital ratios. Using a half-t distributiontypically (thoughnotalways)
resultsin smaller probabilities of hitting a critical value when banks are very highly levered.
Technically, this reflects the properties of highly asymmetric and fat-tailed distributions (of
which the half-tisanexample),in which small deviations fromthe mode are more frequent
thaninthe Gaussian. Intuitively, this means thateven a dangerouslylevered bank may
survive withouta critical eventfor decades. On the other hand, the probabilities of critical
events fall off much more gently (asthe capital ratio isincreased) using a half-t distribution,
reflecting a larger probability of big losses compared to the Gaussian. Henceincreasing equity
continues to meaningfully reduce the probability of default at capital ratios for which a
Gaussianimplies (incorrectly) a near-zero default probability. Because probabilities of critical
events obtained under a Gaussian assumption fall sorapidly with the capital ratio, they are
also moresensitive to assumptions about the appropriate threshold fora critical eventand to
parameter estimates, implying that conclusions draws from Gaussianassumptions in actual
applications are likely to prove very fragile to differences between in-sample and out-of-
sampledata.
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