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mmodeiypata RAROC

= Attodoon lNpocappoopevn yia Kivouvo
(Risk adjusted return on capital)
=Eva aTTo Ta TTAE0V dladedopEVa UTTOOEiYuaTa models
RAROC =
(KaBapo e100dnua™ evog €TouC aTro To OAVEIO)
(Advelo ) KkepaAalo o€ KivOuvo)

*To KaBapd £100SNUA TTPOCBIOPIZETAI ATTO TO ETTITOKIOKO AVOIYUA Kal Tat GAAQ
£0000

= O KivOuvocg Tou daveiou EKTIMATAI OTTO TOUG OEIKTEC ABETNONC
daveiwv N ye Tn BonBeia Tng duration



Xpnon Tng 21aduiopEvng AIGPKEIOG YIO TNV
EkTiunon Tou Kivouvou Aaveiou

= H Trpootyyion TG OIAPKEIOG TTOU XPNOIMOTIOIEITAl YId TNV
EKTIUNON TNG ATWAEIAC aciag atmo To Odvelo, OnAadr) Tou
TapovopaoTh TN RAROC, gival n €€i¢:

* 710 AR gvOowpatwvel TNV au¢non Tou €TTITOKIOU AOYW MEIWONG
TNG PEPEYYUOTNTAG

ALN /LN = -D,\ x (AR/(1+R))

Av RAROC > ROE 710 davelo eykpiveral




(dollar capirtal (duration of (risk amount or (expected maximum
risk exposure the loan) size of loan) change in the loan rate
or loss amount) due to a change in the

credit risk premium [¢] or
risk factor on the loan)

AR = Max[A(R, — R.)> O]

where A(R; — Rg) is the change in the vyield spread between corporate bonds of
credit rating class i (R;) and matched duration Treasury security (R;) over the last
year. In order to consider only the worst-case scenario, a maximum change in yield
spread is chosen as opposed to the average change. In general, it is common to pick
the 1 percent worst case or 99th percentile of credit risk changes.



FIGURE 10-10
Hypothetical
Frequency
Distribution of
Yield Spread
Changes for All
AAA Bonds in
2024

Frequency

1% of all AAA bonds

¥

< I 1 . '
-ARisk -2% +1.1% +3.5% +/ARisk
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ExXAMPLE 10—7
Calcularcion of
RARCOC on a
I.oar

Suppose an Fl wants to ewvaluate the credit risk of a $1 million loan with a duration of
2.7 yvears to a AL8N bormower. Assume there are currentlhy 400 publich traded bonds in that
class (i.e., bonds issued by firms of a rating type similar to that of the borrower). The first
step is to evaluate the actual changes in the credit risk premiums (F; — Rg) on sach of these
bonds for the past year (in this example, the year 2024). These (hypothetical) changes are
plotted in the frequency curve of Figure 10—10. They rang< from a fall in the risk premiums
of negative 2 percent to an increase of 2.5 paercent. Since the largest increasse may be a very
exireme (unrepresentative) number, the 99 percent worst-case scenarico is chosen (i.e., only
A4 bonds out of 400 had risk premium increases exceasding the 99 percent worst case). For
the example shown in Figure 10—-10, this is equal to 1.1 percent.

The estimate of loan (or capital) risk, assuming that the current average level of rates (&)
on LALLM bonds is b paercent, is:

Fay =
1+~
OO 1
1.05%

ALMN = — Dy a3 LN >

— (2.7 NS rr‘lillion](
— _$28,286

While the market wvalue of the loan amount is $1 million, the risk amount, or change in the
loan™s market wvalue due to a decline in its credit guality, is $28.286. Thus, the denominator
of the RAROC equation is this possible loss, or $28,286.

To determine whether the loan is worth making, the estimated loan risk is compared with
the loanm’s income (spread owver the Fl's cost of funds plus fees on the loan). Suppose the
projected (one-wear) spread plus fees is as follows:

Spread = 0.29% » £1 million = $2,000

- F1.000
F = .1 9% 1 mill _ =
ces s illion $= 000
The loan's RAROC is:
One-wyear net income on loan . £3. 000

RAROC =

— 10.61%

Loan risk (or capital riskj{MAd N $28,. 286




Credit Derivatives

> NonTto kepaAaio 800 dic To 2000 kal 12 Tpic To 2005

> H a&ia (kepdn) Tou cupBoAaiou €€aptaTal ano Tnv
(PEPEYYUOTNTA ETAIPEIWV N KPATWV.

> EmiTpenouv Tnv «ayopanwAnacia» nioTwTIKoU KIVOUVOU Onwg
YIVETAl yIa TOV KivOUVO ayopdc JECW WETOXWV KAl NApaywywy.

> EniTpenouv Tnv dlaxeipion Tou NICTWTIKOU KivOouvou ano Ta MI
agou Tov exouv avaAdapel



Credit Default Swaps

> 2UMBOAalo To omnoio aogpalilel o€ nepinTwon xpeokoniag (credit
event) piag ouykekpipevng etaipiac (reference entity)

> O ayopaoTnc Tou cupBoAaiou anokTa To JIKAiWKa va NoUANOCEl
OTOV aVTIOUUBAAAOPEVO OPOAOYIEC TNG OUYKEKPIMEVNG
EMNIXEIpNONCG OTNV OVONAOTIKN TouC aia o€ nepinTwon credit
event

> H ouvoAikn ovouaoTikn a&ia Twv OJoAOYwV OTO GUHPBOAAIo €ival
TO VONTO NOCO TOU GUMPBOAdiou

> O ayopao-rnq NPAyHATOMNOIE| n)\npwpsq Kabe 3N 6 N 12 unvec

LEXPI TNV ANEN Tou cupBoAaiou N PEXPI TO event



AyopaoTig (ao@dAeiag)

CDS

90 p.B. / €10G

> 5etec CDS pe 100 ekat. vonTo, ekkivnon 27/5/2023

> Av n enixeipnon dev Xpeokonnoesl o ayopaoTtng 6a nAnpwoel 90 u.B
(0,009x100.000.000=900.000). oT1Ic 27/5/24, 25, 26, 27 kai 2028 (annual
swap payments in arrears- kabuoTepnuevn NANPWUN)

> 'EoTw TNV 27/8 2026 (1o Tpiunvo Tou 4°Y £Touc) unapxel event, o
ayopaoTnc avaioya e Tov Tuno Tou oupBoAaiou (physical settlement n cash
settlement ) nwAei TIC opoAoyiec TNC «eTaIpEiac ava@opac» Kal EI0NPATTE
TNV ovopaaoTikn Toug a&ia N av (cash settlement), napadidel TV nio
oup@epouoa opoAoyia (cheapest deliverable bond)

v

&
<«

MAnpwun oe event

[MwANTAG




CDS

> Physical settlement: ayopaoTtnc nwA&i ouoAOyieC TNG ETAIPEIAC NOU NTWYXEUCE
ovop. a&iac 100 ekaTt. npoc 100 skar.

> Cash settlement:ayopaoTtng npoadiopilel TNV pONVOTEPN OPJoOAOYia nou
unapyxel otnv ayopa (pe Tnv Ponbeia aveEapTnTou a&ioAoynTn), €0TW OTI
autn a&ilel 35 eupw ava 100 ovou. a&iac kal elonpatrel 100-35=65
ekaT.(payoff =L(1-R), onou L To vonTo noco kal R To noocooTo avakTnong)

> To event (xpeokonia) onuaTtodoTei TNV AN&n Tou cupBoAaiou CDS aAAa
ouvnNOwc unapyel TeAikn kataBoAn (0edouAsupevn NANPWHN)TOU ayopaoTn

(payments in arrears)




CDS

> H dedouAeupevn n kabBuoTepnuevn NANPWHN aeopd TV Tepiodo
2715712026 wg 27/8/2026 nuepounvia tg ypeokomniac (tepimov 225.000 gvpm)

» H emoio mAnpoun Tov ayopaotr) 6oV T0G0GTO TOL VONTov Tocov givat To CDS
spread

» Market makers divovv bid 250 bps ko offer 260 bps yio opoAoyieg m.y. TG
Ford Motor Credit, onAaon ayopdlovv npoctacia and tnv Ford e 2,5%
ETNGIOC KoL TNV TOAOVV ue 2,6% etncimc.

»> AyopaoTtég kKuplmg o1 Tpdmelec TOANTES KUPIMC Ol ACPUALCTIKEC



CDS

» Autio n Baoweia I, 11, 111

» To amotéleopa : © the result of all this is that the financial institutions bearing the
credit risk of a loan 1s often different from the financial institution that did the original
credit checks. Whether this proves to be good for the overall health of the financial
system remains to be seen’, JOHN C. HULL 2007

» H ayopd evoc CDS petatpénel ouclooTIKO L0 ETOLPIKT OLOAOYIO GE KPUTIKY,
GUVETMG TO

» n-etéc CDS spread™® eivou mepimov ico pe to spread tov par yield** tng etaipikng
ouoAoyia dbpketac N etmv, pe 1o par yield tov avtictorymng o1dpkeloc KpoTikoy
OLLOAOYOL

» * n-year spread = n anddoon G vrokeipevnc opoloyiag 1 daveiov oto cvufoAraio
CDS petov tnv ando0on avticToyne OldpKELOS KPATIKOD OLOAOYOL

» **(par yield=coupon rate mov KQvel TNV OLOAOYIN VO OTOTIUATOL GTO GPTIO)



CDS-INDICES

> 'EoTw €nevouTng ayopadlel Taipiko opoAoyo e anodoon 7% kail M=5 etn. Ayopadel
5etec CDS pe nAnpwpn (CDS spread)= 2%

» AV TO n-etéc CDS spread* eival apketd pikpodtepo and to spread tov par yield**
NG ETOUPIKNG OUOAOYid TOTE. ..

» AV TO n-etéc CDS spread* eival apketd peyoldtepo amd to spread tov par yield**
NG ETOUPIKNG OHOAOYi TOTE. ..

» CREDIT INDICES:

» The five and ten year CDX NA IG indices tracking the credit spread for 125
investment grade North American companies

» The five and ten year iTraxx Europe indices tracking the credit spread for 125
investment grade European companies

> 01 enevOUTEC £xouv TNV duvaATOTNTA VA AyOopdCOUV KAl vad MOUANOOUV Tov OEIKTN
oto bid- offer Tou market maker



Amotipnon CDS

» Eotw OTL N umo cuvOnkn mbavotnta (conditional) yia xpeokormia tng
etalpeiac avadopac eival 2% (otabepn)

» Av n ribavotnta va eniplwoel to 1° €toc sivat 98%:

» MiBavotnta xpeokoriac to 20 £toc eivat: 0,02 x 0,98=0,0196
» MiBavotnta emBiwonc pexpt to 20 €toc:  0,98x0,98=0,9604

» MiBavotnta xpeokoriac To 30 £T0C: 0,02 x 0,9604=0,0192



CDS valuation

Unconditional default probabilities and survival probabilities

Time (years)

Default probability
(unconditional)

Survival probability

0,0200 0,9800
0,0196 0,9604
0,0192 0,9412
0,0188 0,9224

0,0184

0,9039




CDS valuation

'EoTw OTI NTWXEVOEIC OUMBAiIVOUV NAVTA OTO PHECO TOU £TOUC KAl NANPWUEC
TOU ayopacoTn yivovTal hia popa To XpOvo oTo TeAOC Tou €Touc (in arrears)

To eniTokio Xwpic kKivouvo (LIBOR) eival 5% pe ouvexn avar.
NocooTo avaktTnong 40%. NonTto nooo $1.

M.x. n mBavoTnTa va vivel n 3" nAnpwpn ion JE €va nooooTo (S) Tou vonTou
nooou e€ivai 0,9412

Exp. Pmt=0,9412 s
PV=0,9412se0.05x3=0,8101s
Total=4,0704s

YV V V

YV VYV



Calculation of the present value of expected payments.
Payment=s per annum

Time Prob. Of Expected Discount PV of

survival payment factor expected

payment

1 0,9800 0,9800s 0,9512 0,9322s

2 0,9604 0,9604s 0,9048 0,8690s
3 0,9412 0,9412s 0,8607 0,8101s
4 0,9224 0,9224s 0,8187 0,7552s
0,9039 0,9039s 0,7788 0,7040s




CDS valuation

> H mBavornTa va unap&el event kal nANpwPnN ano To
nwAnTn (aogaAioTn) oTa YIca Tou 30U £TOUC €ival
0,0192

> Me R=40%: avapevouevn NANPwWHN
»=0,0192x 0,6 x1=0,00115

> PV(exp. Payoff)= 0,0115 e0.05x25=0,0102
» Total exp payoffs=0,0511



Calculation of the present value of expected payoff. Notional
principal =$1

Time Prob. Of | Recovery | Expected | Discount | PV of
Default |rate payoff Factor Exp.
($) Payoff
0,5 0,0200 0,4 0,0120 | 0,9753 0,0117
1,5 0,0196 0,4 0,0118 | 0,9277 | 0,0109
2,5 0,0192 0,4 0,0115 0,8825 0,0102

0,0188

0,4

0,0113

0,8395




Calculation of the present value of accrual payment

Time Prob. Of Expected |Discount PV of exp.

Default accrual Factor accrual

payment pmt
0,5 0,0200 0,0100s 0,9753 0,0097s
1,5 0,0196 0,0098s 0,9277 0,0091s
2,5 0,0192 0,0096s 0,8825 0,0085s
3,5 0,0188 0,0094s 0,8395 0,0079s
0,0092s 0,0074s




Y moAoy1oHOC TG TaPOVGOLC ouiwcg 0EO0VAEVUEVTC

> AV YIVEI TO event 0Ta Jeod TOU TPITOU £TOUC N
OeOOUAEUHEVN NANPWUN Eival

> 0,5xs
» Exp accrual pmt
» 0,0192 x 0,5x s =0,0096 x s
» Total value of exp pmt
> 44,0704 xs + 0,0426 xs =4,1130 s



Arnotiunon CDS

»4,1130 s=0,0511 —s=0,0124=124 bps




Credit VaR

» Lo éva dAVELD TOV OEV £YEL OEVTEPOYEVT] OLYOPA OEV VIAPYEL ALECO 1 TPEYOVG
TIUT) KO 1] TUTTIKT) OITOKALGN

» H mpocéyyion e Kavovikng Katavoung yio Tnv o&io 1 Kol tnv amddoon
O0vELOL Eval LITEPPOATKA ATTAOVGTEVTIKI] AOY® OIGLUUETPIOS TOV OTTOOOGEDV
HETAED avOOIKNG Ko KABOOTKN G ayopdc. Amalteiton 1) TPOGOUOTIMGT OANG TNG
KOTOVOUNG TOV TILMV TOL 0UVEIOV

> o yopTto@UAGKIO daVEI®V ATAITOVVTOL Ol GUVTEAECTEG GLGYETIONC TMV
OUVEI®V



CREDITMETRICS (JPM)

AV N erouevn TEPLOOOC EVOC £TOVC Elval a ‘Kokn ypovid’ toon a&io 0o Yol TO OAVELO:
9

A\

H pebodoroyia Paciletor otov vmwoAoyiond g LEAAOVTIKNG (£va £T0C) KOTOVOUNG TMV

uetaforlmv e atiog Tov daveiov (OLOAGYOV) 1} TOV YUPTOPLAOKIOV OOVEIWV

» O petoporéc oty oia oyetiCovion pe Tig LETAPOAEC otV aEI0AOYNOT TNG TIGTOANTTIKNG
KOVOTNTOC TOV O0veEILouEVOV ONAAON TS petammonong (Letdtacng) amnd o Katnyopio oe
GAAN (migration)

» O HEGEC 1I6TOPIKEG GUYVOTNTEC LETOTNONONE TOPEYOVTOL QIO TOLG OPYAVIGLOVS AEIOAOYNONG

y10 KEOe Kot yopio TGTOANTTIKNC IKOVOTNTOC Y10 Lo GLYKEKPLUEVT] YPOVIKT TEPT0DO.



CREDITMETRICS

> Brua 1: kaBopiopodc cuotuotog a&loAdynong Kot TV TavOTHTOV LETATAENG
(migration matrix) vwo0EToviag 0Tl OAOL 01 OOVEIOANTITEG TNG 1010,C Kot yopiog
TIGTOANTTIKIG TKOVOTNTOG £XOVV TO 1010 TIGTMOTIKO KivOuvo Kol akpiPog Tig
101EC mOAVOTNTES LETATOAENS KO ¥ PEOKOTIOG

» Bnua 2: kaBopiouoc ypovikod opilovia

> Bnua 3: kaBopiopudc tov Tpofesiak®dy KOUTVADV amoddGEMV Yo OAES TIG
TIGTOANTITIKEG KATYOPIES

> Brua 4: Anuovpyio tng HEAAOVTIKNG KOTOVOUNG TV UETAROA®Y otV a&ia Tov
OUVELOV

» Bnuo 5: 1060016 avAKTINONG G€ TEPIMTTMOT YPEOKOTING



Credit VaR for a bond

Credit Rating Seniority Credit Spreads

Migra%ion Recovery PV Bond
Likelthoods rate in default revaluation

STD of V due to Credit Quality Changes



CREDIT VaR AANEIOY

» Advero 100 exat. svpod pe emtokio 6% odpketa 5 €1,
ex001n¢ rated BBB




[TiBavOTTES pETATAENC YL O0VEIOANTTTT 0SloA0ynone BBB

AAA 0,02%
AA 0,33
A 5,95
BBB 86,93
BB 5,30

B 1,17
CCC 0,12
Default 18




[IpoBeouiakéc kaumdAec amooocemv 1 £Tovg ava Kotnyopio
acloroynonc ( zero curves plus spread)

Kartnyopia | 1-€T€C | 2-£TEC 3-€TEC 4-€T€EC
70 % % %

AAA 3,60 417 4,73 5,12
AA 3,65 4,22 4,78 5,17
A 3,72 4,32 4,93 5,32
BBB 4,10 4,67 5,25 5,63
BB 5,55 6,02 6,78 (7,27
B 6,05 7,02 8,03 8,52

15,05 15,02 14,03 13,52




Revaluation

» 2T0 TEAOC TOV £TOVC O EKOOTNG £YEL TOPAUEIVEL GTN KT yOpioL:
» BBB: Vggp(tt1)=6+ 6/1,041 +6/(1,0467)*+...+106/(1,0563)*=107,55
» &Y€l LETOMNONOEL OTNV KaTNyopia:

» AAA: V, A (t+1)=109,37

» CCC: Vi (t+1)= 83,64

» BB: Vga(t+1)=102,02

» default: Vg, (t+1)= 51,13 (senior unsecured)

» default: V¢, (t+1)= 38,52 (senior subordinated)
» default: V¢, (t+1)= 53,80 (senior secured)

» default: V¢, (t+1)= 17,09 (Junior subordinated )



Acia Tov oaveiov e 1 £€T0C KATM OO OLOPOPETIKES

OELOAOYNGELS

Katnyopia o1o TEAOG TOU

Acia (ekaT.eupw)

ETOUG
AAA 109,37
AA 109,19
A 108,66
BBB 107,55
BB 102.02
B 98,10
CCC 83,64

Default




VaR calculations for the BBB Loan

Komyopia | MBavémra | NéaAfia | M6 X Atia 6. X [V-E(V)2
oTo TéAo¢ | petdragng | Aaveiou et o(V)=2,99 £uptd
Tou €Toug | (%) E(V)=107,09
AAA 0,02 109,37 0,02 2,28 10,0010
AA 0,33 109,19 0,36 2,10 0,0146
A 9,95 108,66 6,47 1,57 10,1474
BBB 86,93 107,55 93,49 0,46 | 0,1853
BB 5,30 102.02 5,41 -5,06 | 1,3592
B 1,17 98,10 1,15 -8,99 | 0,9446
CCC 0,12 83,64 1,10| -23,45|0,6598
Default 0,18 51,13 0.09 95,6358

-55,96




VaR

» YmoO£tovToc KavoviKT KoTovoun:
» 5% VaR=1,65 X 2,99 =4,93 &exat. svpm

> 1% VaR=2,33 X 2,99 =6,97

» Ymo0&tovtag TV TPayUOTIKY KOTOVOUN:

» 6,77% VaR = 93,23% ¢ mpoyu. Katovounc= 107,09-102,02=5,07 exat svpm



>uoxeTioelg yia CreditMetrics

» Vasicek (1987, 2002): Copulas, Factor models and Transition
Matrices

> O1 Tpanedec KATEXOUV XapTOPUAAKIA ETAIPIKWV OHOAOYWV
(daveiwv).

> O unoAoyIiopog TNG VaR evog €TOUC YIa TO XAPTOPUAAKIO TWV
ouoAOYwWV anaitei npocopoiwon Monte Carlo Tng peTataéng Twv
a&loAoynoewVv TWV OJOAOYWYV TOU XapTOPUAAKIOU.

> Kabe gpopda unoAoyileTal n TeAIkn 6€on Tou KABe opoAOyoU
OoTOV KataAoyo a&ioAoynong, anoTigaTtal To XapToPUAAKIO Kdl

unoAoyiletal n 99% VaR



Credit VaR xapTtopuAakiou

> 'Eva ano ta npoBAnuaTa tng peBodoAoyiac auTtng €ival 0 UNOAOYIOHOC TNC
OUOXETIONC TWV METATAEEWYV PETAEU TWV OUOAOYWV KABWC auTeC dev €ival
aveEapTnTEC

> [a Tov kKaBopIioho TNC KOIVNG KaTavoung nieavotnTwy Twv JETABOAWYV OTIC
a&loAoynoeic TwV oOJOAOYWV Xpnolgonoigital n yebodoAoyia Tou Vasicek otn
Baon €voc povonapayovTiKoU UnodeiyuaTocg

> H ouoxetion peTa&u Twv peTaBoAwv otnv a&loAoynon dUo €TalpiwV
I00OUVAWEI UE TN OUCXETION METAEU TWV anodOCEWV TWV NETOXWV TOUC HEOA
ano TO JOVONApPayovTIKO HOVTEAO
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