AIAXEIPIZH TTI2TQTIKOY KINAYNOY

MEPO2 A:
0. Eloaywyn
1. YItooxouevn Kal avapevouevn anodoon daveiou
2. Credit Scoring models
3. Term structure derivation of credit risk

4. Deriving DPs from Bond Prices



ETriokotTTNON

= 2TO TTAPOV KEPAAQIO TTEPIYPAPOVTAI Ol OIAPOPO!
TUTTOI OAVEIWYV KAl VIVETAI ava@opa aTnV avaAuon
KOl JETPNON TOU TTIOTWTIKOU KIVOUVOU TWV
ETTIMEPOUC OAVEIWV.

= ‘Exel 101aiTEPN oNUACia 0ooV aPopa:
— Tnv TiyoAOynon daveiwyv Kal OJOAOYWV

— Tov kaBopiousd opiwv avapopikd YE TNV €KBeon o€
KivOUVvO




Advela ko TTiototuikoc Kivovvog

= Epmopika kai Biopnxavika Aaveia: Ao@aAlopEva Kal avao@aAioTa

KoIvoTTpaKTIKQ
Advela AueONG EKTANIEUONG, TTIOTWTIKEG YPOAMMES

Meiwon E&B daveiwv TTou xopnyouv ol ENTTOPIKES TPATTECEC KOl aucnon TG ayopag
EMUTTOPIKWY ONOAOYWV

Y1ro&0uion tn¢ Ford, Tng General Motors kai TG Tyco

ETITITWOEIC TS XPNMUATOTTIOTWTIKAG KPIONG OTNV Ayopad EUTTOPIKWY OPJOAOYWV
Advela KTNUATIKAC TTioTNG: Baoika (evutrénka)

Baoika 21aBepou emitokiou, EvuttoOnka ddveia Trpocappuolopevou emmitokiou (ARM)

Ta evuttoOnka ddavela UTTOKEIVTAl O€ KivOuvo aBETnong av aug¢nbei n oxéon daveiou -
agiag




NMpoBARuarta MNMoiotntag NMNioTwoewv

[MpoBARuaTa uE ouOAOYa-oKOoUTTIOIa, ME DAvEIa O€ AIYOTEPO
QVETTTUYMEVEGC XWPEC KAl JE EVUTTOBNKO OTEYAOTIKA KAl KAAANIEPYNTIKA
daveia

= 270 TEAN TNG OekaeTiag Tou 1990 TTPOBAAMATA PE TTIOTWTIKEC KAPTEC KAl
ddvela ayopdg auTOKIVATOU

= Kpioeig g AANa KpATn OTTWC N ApyevTivi, N Bpadihia, n Pwaoia kai n
NoTia Kopéa

= 2006-2007: ABeTr|O€IC EVUTTOONKWY OTEYAOTIKWY OAVEIWV Kal dAVEIWV
augnuévou KivoUuvou

Toviouv TN onuaacia TNG dIaxXEiPIoONG TOU TTIOTWTIKOU KIVOUVOU
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FIGURE 10—32 Annual Net Charge-Off Rates on Loans

Sources: Federal Deposit Insurance Corporation, Quarterly Banking Profile. various issues. wonw fdic.gow; American Bankruptcy Institute (ABI), June 2021. wuiw.abiorg
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TutTOo1 AOveiwyv

» EIAH KAI XAPAKTHPIZTIKA AANEIQON

— Aldpkela
* Bpayvypovia
* MeconpoOeopua
* MoxkporpoBeoua
— Eéaoparicelg

* Evoyikéc

* Eunpdypoteg
— XpOVOG EKTAUEVONG
e Aueoa
e AVOUYTEG YPOULUES TOTOONG



TuUtTOI1 AOveEiwyv

— XKOTHOTNTA
e Kepalata kivnong
* [Tayw

e 2TEYOOTIKA,

» Katavailotikd

e Metoyikad



Amoooon Aaveiov kot ITTiotwtikog Kivouvog

» AIIOAOXH TOY AANEIOY

— YTOGYOUEVT] LEIKTT] OITOOOGT)
« BR= p =base lending rate
* (= AGPAACTPO KIVOUVOL
» of=£E000 cOVaYNG daveiov
* l+k=vmooyduevn pektr) amddoom
* b=n0600610 TOL dUVEIOV TTOV dEV EKTAULEDETOL
* RR=m060010 voyped@TIKOV O100EGIHU®V
1- b + b x RR=10 xepdAaro mwov decuevel n tpdnela yio ke 1evpmd mov daveilel



Amoooomn Aavetov kou TTieototikog Kivouvog
k= ROA, of=origination fee, RR=reserve requirement, b=%compensating balance

Base lending rate (BR) = 8%

+ Credit risk premium or margin (¢) = 2%
BR + ¢ = 10%

of + (BR + ¢)
l = [b(1 = RR)]

14+ k=1+



EXAMPLE 10—-1

Calculation of . Sets the loan rate on a prospective loan at 10 percent (where BR = 6% and ¢ = 4%).
ROA on a Loan 2. Charges a 1/8 percent (or 0.125 percent) loan origination fee to the borrower.
3. Imposes an 8 percent compensating balance requirement to be held as non-interest-
bearing demand deposits.
4. Sets aside reserves, at a rate of 10 percent of deposits, held at the Federal Reserve
(i.,e., the Fed’'s cash-to-deposit reserve ratio is 10 percent).

Suppose a bank does the following:

—

Plugging the numbers from our example into the return formula, we have:™°

0.00125 + (0.06 + 0.04)

Pk=1+ 1—[(0.08)(0.9)]
0.10125
+k=1+"5 2"

1+ k=1.1091 ork=1091%

This is, of course, higher than the simple promised interest return on the loan, BR + ¢ = 10%.




Amoooon Aaveiov kot ITTiotwtikog Kivouvog

» [1pocdoKM®UEVT LEIKTN aTOO00T)
1+E(r)=p(1+k)+(1-p)x 0, E( r ) = expected return of the loan

Frlq 1) [ Zomjpece 1)

]
______45

-
-~

-
-

__..l'
- | __——_______h
= I &Aoo Actusion
| [Credit Fatiorninged
|

1+1F i+ 1




EkTipwvTac Tov KivOUvVOo TV
XpNUATOOOTWV

= EmTOKIO XpNuaTOdOTNOEWE — YNOAOYIOUOC
= [Na va unap&el xpnuatodoTnon,
(Avauavc’mevn) - (K(SGTOQ)
sloTpaén — \Savelov
[1—PD+LGD]*(1+i)*A>(1+p)*A

= EAaxioTO €niTOKIO TOU daveiou

1+ _
= i 1 (2.5)

mn = TP Y LGD
= YWnAOTEPOC KivOUVOC, UWPNAOTEPO EMITOKIO
Pp T, LGD T
= YWnAOTEPO KOOTOC XpAMaToC TNC Tpanglne, pT,
UYNAOTEPO EMITOKIO




L r r r
Iynpa 3.2. Evotatika Tov EMITOKLOV TwV Savelwv
Alapgpouv amo davelo ot davelo, amo tpansla os Tpansla,
QIO Ywpo o€ Ywpd, ano mepiodo os meplodo

®" MNeplBwpro KEépdoug Tng Tpamelng
" Anolnuiwon yua ToV MIOTWTLKO Kivbuvo

(PD ko LGD)
Z| v Xapaktnplotikd tou davellopevou Amolnuican U
v XapaktnpLotikd touv daveiou e Tov
v" Nopuko kat Bsoutkod nepilpdidov TIOTOTIKG
Y o Nopuwko meptpaihov K@l ToUC
[ | En |TOK| o Kootn mAnpodopnoswcg [ aAiong
o Muwxsutiko dikawo KIVoivouc
0 AnoTeAeouaTIKOTNTA TNC Metdap- ov
xiac e ayopdc ogaveion
;o * Anolnuiwon ywa dAloug Kwvduvoug
Hpogavenon OXeTLKOUG pe Tto davewo (mr ko %L)
(spread)

Kootog TwV UTnpeocLwyV MoU MOpEXEL N
tpanela pall pe to Sdavewo
® Kootocg amod to Oeopuiko mAaiolo
v" ALECO KOOTOC TWV KAVOVWV
o Kavoveg pevototnracg Kal Keda-

Aok eEMapkeiag Kootoc
o AMOL KOVOVEC oD
v Eppeco KOOTOC -~ éaveiov
v KOOTOC KAVOVLOTIKNC OUUHOphWOEwC Jia v
. — p pamsia
AsLToupyLKO KOOGTOC TG Tpanelng )
" Mpocavfnon yLa Tov MLOTWTLKO Kivéuvo Kéotoc
. [0g
NG Tparnelng YpHUaTOC

g

Emtoxio avagopds (Benchmark interest rate) LpauELC




_ 1+p +c _
Lmin,p:—:napw:—ipw—:u—:q T 1 — PD = (LGD I %L) —1 {2 )
®" MNeplBwpro KEépdoug Tng Tpamelng
" Anolnuiwon yua ToV MIOTWTLKO Kivbuvo

zl (PD ko LGD)

v XapaktnpLotikd tou Savellopevou

Amrolnuicwon U
v' Xapaktnplotika tou Saveiou

VIG TOV
v" Nopuko kat Bsoutkod nepilpdidov :Tjgr{'a_}rm'd
Y o Nopuwko meptpaihov _ K@l ToUG
[ | E rl |TO K| o Kootn mAnpodopnoswcg aAiong
o [lMtwyevtiko dikalo KIVODVODC
0 AnoTeAeouaTIKOTNTA TNC Metdap- ov
xicec e ayopdc oaveiov
;o * Anolnuiwon ywa dAloug Kwvduvoug
HIpogavenon OXeTLKOUG pe Tto davewo (mr ko %L)
(spread) ® KGOoTOC TWV UNINPECLWV TIOU TIAPEXEL N
T TOKLO Kootog tov Amtolnpiwon yo
( , ) = | Saveiovyia |+ | tov motwTIKO
TOV Saveilov . ,
™mv Tpamnela Klvouvo
Amo(nuiwon yla Toug HeptOdpLo

+| aAAovug KIvoUuvoug
ToVL SavELOV
NG TPAElNG

(2.8)

KEPSOUG

DL L
xpHuartog
e

Emtoxio avagopds (Benchmark interest rate) IDaTEC



[TpoBANuaTa Moiotntac MioTwoewv

= ATIO TIC APXEC MEXPI T pEoa TNG dekaeTiag Tou 1990, Ta
un ecuttnpeToupeva davela (NPLs) kal n yeVIK
TTIOTWTIKN TTOIOTNTA TWV OAVEIWV JEYAAWYV TpaATTE(WV
TTapouadiacav BeATiwon

= TeAn Tng dekaeTiag Tou 1990 Kal apxeC TG OEKAETIOC TOU
2000: MNpoBAnMaTa PE TIC ETAIPIEC TNAETTIKOIVWVIWYV KAl
UWPNANG TEXVoAoyiag

* 270 hEoa TNG OekaeTiag Tou 2000 onuEIWONKE OIKOVOUIKN
QVATITUCN ME TTAPAAANAN pEIWON TWV PN
ECUTTNPETOUPEVWYV DAVEIWV

= Kpion otnVv evuttOOnNKn OTEYAOTIKN TTiOTN

» MeyaAutepn Epupacon otV ATTOTIUNGN TOU TTIOTWTIKOU

KIvOUVOU



EmiTokia Aaveliopou kal [ToocooTWOEIC

* [epimmrwon Alavikng Tpatrelikng
— 2UVNOWCG apKEi pia atTtopaocn atrodoxNS/atToppIYng
QVTI TNG TTPOCOAPUOYNS TWV ETTITOKIWV

— Av 10 OAVEIO YiVvel ATTOOEKTO, OI TTEAATEG TACIVOUOUVTQI
avAAoya PE TNV TTOIOTNTA KAl TO UYPOC ToU davEiou

— 2TNV TTEPITITWAN EVUTTOONKWYV daveiwy, Ta dAVEIQ
TagivopouvTal avaloya Je Tn oxEon daveiou/aciac avri
vVa ETTIAEYEI TTPOCAPUOYH TWV ETTITOKIWV

» [epimmrwon Xovopikne Tpatredikng

— Xpnaon TToIoTIKWY Kal TIMOAOYIOKWY TTPOCOPUOYWYV



Metpnon lNMioctwTikou Kivdouvou

Kpiolyol TTapayovTtegc oTnv acioAdynon Tou TTIoTWTIKOU
KIvOUvoU: AI0BECIUOTNTA, TTOIOTNTA KAl KOOTOG TTANPOPOPNONG
=  AIEUKOAUVETAI OTTO TNV TEXVOAOYia Kal TNV TTANPOPOPIKI)
= [loioTikG uTTOdEiypaTO
— AappavovTal UutTtoWn CUYKEKPIUEVOI TTAPAYOVTEC TOU
OAVEIOAATITN KABWC KAl CUCTNPATIKOI TTAPAYOVTEG I
TTAPAYOVTEG TNG AYOPAC
— OI OUYKEeKpPIPEVOI TTAPAYOVTEG TTEPIAAUPAvVOUV TNV
OUVAAAQKTIKA ¢Aun Tou dAVEIOAATTTN, TV WOXAEUON, TV
aoTAdeIa TWV KEPOWV, TIC CUMBATIKEC PATPEG, KAl TIC
EYYUNOEIC
— O1 ouyKeKkpIPEVOI TTAPAYOVTEC TS AyOPAC TTEPIAANBAvVOUV
TOV ETTIXEIPNMATIKO KUKAO KalI TO ETTITTEDO TWV ETTITOKIWV



Métpnon Iictotikov Kivovvov

I[TAPAAOXIAKEX ITPOXZEITIXEIX XTH METPHXH TOY
[NIEXTQTIKOY KINAYNOY

— [TOIOTIKA YIIOAEII'MATA (Expert Systems)
* The 4 C’s of credit: Character, Capital, Capacity, Collateral
» Ewwol mapdyovteg (cuvOnkec) e ayopdc



Métpnon Iictotikov Kivovvov

* ANAAY2ZH AEIKTQN

— AEIKTEC PELGTOTNTOG

— AEIKTEC AMOOOTIKOTNTOG/ KEPOOPOPIOG KEPAAUTIOV
— Agikteg oavelakng emPdpovvong

— AEIKTEC OMOTEAEGLLATIKOTITOG EVEPYNTIKOV

— Agikteg kdAvync



Métpnon Iictotikov Kivovvov

»2XYXTHMATA AZEIOAOI'HZHX
— 2XYXTHMATA EXQTEPIKHX A=ZIOAOI'H




Métpnon Iictotikov Kivovvov

»CREDIT SCORING MODELS

> 1. To ypopupikd vrooery o,

H yevoopetapAnt Z; maipvet mv tipn Z;=1 yw oAo to ToAod 6aveLo
(j) mov dev amomANPO®ONKAY Kol TNV TIUN Zj=0 Y10, TOL OQAVELOL TTOV
ATOTAT PO KA.



Métpnon Iictotikov Kivovvov

» 2. Mn ypopuikd vrodsiypato: Probit, Logit

» Ta vrodetyuoro oavtd Tepropilovv Tig TpoPrendueves TOOVOTNTES
ypeokomiog oto ototnua [0,1], vmroBEétovtac O6t1 N mBavoTTU
YPEOKOTIOG aKOAOVOEL TNV (CmPEVTIKT)) KavoviKn kot logistic

KOTAVOUY) OVTIOTOLY L.



Métpnon Iictotikov Kivovvov

F(PDE)=

| + e

1 —_ -

IBovityre Xpeowowivg

E(Zi)

|
]
Zi EBcrympavn Ty g Z



Métpnon Iictotikov Kivovvov

»Eotm Z1 = (moc6 mov dev emotpdenke) / (GLVOAIKO
OAVELD).

» 2TV TEPITTMOT VT YPNCILOTOLOVVTOL TTOAVMVLUIKA
vroostynato (multinomial models).



Métpnon Iictotikov Kivovvov

> 3. AoKPLTIKT] OVAAVOT)

— Avti va mpoPAEnel anevdeiog tnv mOavoTNTA YPEOKOTINGC,
KOTATAGGOEL TIG EMIYEIPNGELS GE LYNAOD 1 YUUNAOD KIVODVOL
OVAAOYOL LLE KATTOIEG YOPOAKTNPIOTIKEC LETAPANTES TOVG

— O aAyopBuog opiCetl (o yYpoUUIK GUVAPTNOT TOL O OPILEL TIG

OV0 OUAOEC MOTE 1| LETACH OULAO®Y OLOKVLLOVGT] VOL €IVl LLEYAAN

OE€ GYE0T LE TNV EVTOC OUAOOC OLOKVLOVOT)



Altman’s Linear Discriminant Model

» /=1.2X+ 14X, +3.3X,; + 0.6X, + 1.0X,
Kpttikn tur tov Z = 1.81.

= X, = Kepararo Kivnong/Zovoro Evepyntiko0.
= X, = HopaxpotnBévra KEpdn/ ovoro Evepyntiko.
= X, = EBIT/ 20voio Evepyntuco0.

" X, =Market Value Equity/ Book Value LT debt.

" X = Iloioeig / Xovoro Evepyntiko.



Altman’s Linear Discriminant Model

» Type I error=Kakég eTaipeiec KATATAGCOVTOL MOC
KOAEC

» Type II error= KaAéc etaupeieg katatdosovion g
KOKEC

— Ot etapeiec katotaosovtor ta 000 dxpa: (default/no
default).
— To otaBud umopel va unv givou owoypovikd ctabdepd.

— To vmooeryua dev meptAauavel TOIOTIKOVS TUPAYOVTEG
OTMC TO YEVIKO OTKOVOULKO KA.

— "EAAetym o keviptkng Paonc 0coouEvmy ue etaipieg
oV aBETNCAV TIC VITOYPEDGELS TOVC.



EXAMPLE 10-2

Suppose there were two factors influencing the past default behavior of borrowers: the

T leverage or debt-equity ratio (D/E) and the sales—asset ratio (S/4). Based on past default
Estimating the
repayment) experience, the linear probability model is estimated as:
Probability of epaymeny exp ’ '
Repayment on PD; = 0.5(D/E;)-0.0525(S/A)
a Loan Using Assume a prospective borrower has a D/E = 0.3 and an S/A = 2.0. Its expected probabil-

Linear Probability ity of default (PD) can then be estimated as:
Credit Scoring

PD; = 0.5(0.3)-0.0525(2.0) = 0.045 or 4.5%
Models




EXAMPLE 10—-3 Suppose that the financial ratios of a potential borrowing firm take the following values:

Calculation of X, =02
Altman’s Z Score  x,=0
X5 =-0.20
X, = 010
X.=20

The ratio X5 is zero and X3 is negative, indicating that the firm has had negative earnings or
losses in recent periods. Also, X, indicates that the borrower is highly leveraged. However,
the working capital ratio (X,) and the sales/assets ratio (X5) indicate that the firm is reason-
ably liquid and is maintaining its sales volume. The £ score provides an overall score or indi-
cator of the borrower’s credit risk since it combines and weights these five factors according
to their past importance in explaining borrower default. For the borrower in question:

Z=1.2(0.2) + 1.4(0) + 3.3(-=0.20) + 0.6(0.10) + 1.0(2.0)
=024 +0—0.66+0.06 + 2.0
= 1.64

With a Z score less than 1.81 (i.e., in the high default risk region), the Fl should not make a
loan to this borrower until it improves its earnings.




MEBobdo1 Baoiopéveg oTnv XpoOVIKN
A1apOpwon Twv ATTOO0CEWYV

— EQpooov yvwpiloupe To ao@AAICTPO KIVOUVOU, UTTOPOUE
VO ouvayayouue Tnv mmoavotnta aBETnong

— To ao@AAIOTPO KIVOUVOU UTTOPEI VA UTTOAOYIOTEI
XPNOIMOTIOIWVTAC Zero coupon KAaouarta (strips) KpaTikwyv
OMOAOYWYV Kal ETAIPIKA OJOAOYQ XWPEIC TOKOUEPIDIO

p(1+ k)=1+



Let y be the proportion of the loan’s principal and interest that 1§ collectible on
default where in general y is positive. The FI manager would set the expected return
on the loan to equal the risk-free rate in the following manner:

[(1-pyQ+R)]+[p(1+ k)] =1+

The new term here is (1 - p)y(1 + R); this is the payoff the FI expects to get if the
borrower defaults.



Métpnon Iiototikov Kivovvov

» [NIOGANOTHTEXZ XPEOKOIIIAYX XE ITEPIBAAAON OYAETEPOTHTAX QX
[TPOX TON KINAYNO
-REDUCED FORM MODELS

» YToAOYIGHOG TNC TOovOTNTOC YPEOKOTIOG OO TIC KOUUTUAES
OTOOOCEMV

— H owokaocia Xpeokomiog tvor eCEWYEVNG QAAA M OTOTIUNGT) TOV KIvOOVOL
YPEOKOTLOC ATO TNV AyOPA OVTOVAKAATOL OTIC TILES KO TIC ATOOOCELS TMV
OLLOAOYMV.

— H napatnpodpevn omod0om £vOg ETAPIKOD OUOAOYOV OTOTEAEITOL OO TO

EMITOKLO UNOEVIKOV KIVOLVOD Kol artd VO aGQAAIGTPO KIVODVOL



MEBodoil Baoiouéveg oTnv XpovikNi

— MTTopoUV va YEVIKEUTOUV KOl TNV TTEPITITWON OAVEIWV
OIAPOPETIKNG ANKTOTNTAC KAl YIia dIA@OPOUC pubuoucg
AVAKTNONG TWV ABETNUEVWY ATTAITNOEWV

— To davelo PuTTopEi va agloAoynBei pe Tnv Bonbeia

MOAVOTATWY TTOU £XOUV OUVAXOEi aTTO OUOAOYA CUYKPIOINNG

TTOIOTNTAC
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JUVOLILUQ fPGURKU U

OTTO0O0GE®V

> Eotm etoupikd opoAoyo teAkNg omdooonc, rated B, pe
ovouaotikn aéto 100 kot 1 €tog uEypt v ANEN.

» Eyel Loss Given Default, LGD =100%, (LGD=1-recovery
rate).

> Eoto 011 | ammotiunon yiveton o€ mwepiPaAlov ovoETEPO
TPOG TOV KivOuvo

> (1=r=8% p.a.)



Y moAoyiopdc e moavOoTNTOS YPEOKOTIOG OO TIG KOUTOAES

OTTOOOGEMV

» O1 avopuevOLEVES TOUEIOKES POEC TNG opoloyiog eival 100
p=(1-PD) 6mov PD probability of default:

» Av 1 Tiun ¢ opoAoyiog oty ayopd eivon 87,96 16te PD
=5% amno:



JUVOLILUQ fPGURKU

OTTO0O0GE®V

100(1— PD)

= 387,96
1+0,08

» Avtiototya av 1 anddoon g oporoyiac eivon k torte:

100 _ 87,96
1+k 7’

> Kot 1+i =(1-PD) (1+k)
> k=13,69%



ITapdoeryuo

EXAMPLE 10-4
Calculating the

Suppose, as shown in Figure 10-6, the interest rates in the market for one-year, zero-coupon
Treasury strips and for one-year, zero-coupon grade B corporate bonds are, respectively:

Probability of i=2.05%

Default on a and

One-Year Bond k=7.80%

(Loan) Using This implies that the probability of repayment on the security as perceived by the market is:
Term Structure 1+i 1.0205

Derivation of P=3 : k= To780 - 09467

Credit Risk If the probability of repayment is 0.9467/, this implies a probability of default (1- p) equal to

0.0533. Thus, in this simple one-period framework, a probability of default of 5.33 percent on
the corporate bond (loan) requires the Fl to set a risk premium (¢) of 5.75 percent.?*

$=k—i=575%

Clearly, as the probability of repayment (p) falls and the probability of default (1 — p) increases,
the required spread ¢ between k and i increases.




Y moAoy1G oG TS TOOVOTNTAG ¥PEOKOTIOS OO TIG KOUTVUAEC

QTTO00GE®V

»H anddoon o etaipikng oporoyiog 6tav LGD=100%
ELVOL TO ETLTOKIO UNOEVIKOV KIVOLUVOL 6LV va credit spread.

» Av, 10 olOA0YO0 vTooTPileTal 0Td KATOL0E LOPPNC
gyyonon (recovery rate not zero)

» EL (expected loss on default) =PDxLGD



Y moAoy1G oG TS TOOVOTNTAG ¥PEOKOTIOS OO TIG KOUTVUAEC

QTTO00GE®V

» Av 1, kar k, 10% won 16% avtictorya mow givar n PD, , pe v
tpomOheon 0Tl TO TPMTO £TOG OEV EYIVE YPEOKOTIN,;
»> Av o1 etnotlec MOAVOTNTEC YPEOKOTIOC EIVO AVEEAPTNTEC OO EIVaLL

n mOavoTNnTa 1 ETALPELN VO YPEOKOTNCEL KATOLN GTLYUT GTA ETOUEVA
000 £11);




Y moAoy1G oG TS TOOVOTNTAG ¥PEOKOTIOS OO TIG KOUTVUAEC

QTTO00GE®V

> (14K »)*=(1+ky ) )(1+¢; »), ¢, ,=18,36%
> (14 ,)=(1+1,  )(1+£, ), £} ,=12,04%
» (141, ,)=(1-PD, ,)( 1+ ¢, »)

» (1-PD, ,)= (1+f ,)/(1+ ¢, ,)=1-0,0534

» YroOétovtag ooy povikn aveEoptnoio TV TOavoTHT®V TTOYEVONG,
N COPEVTIKT THAVOTNTA ¥PEOKOTIOG YL OVO £TM EIVOL:

> CumPD=1-[(1- PD,)(1- PD, ,)]=10,07%



Y moAoyiopO¢ TG TOavOTNTOS YPEOKOTINS OTTO TIG

KOUTTUAEC QTTOOOGEMDV

EXAMPLE 10-5

Suppose the FI manager wants to find out the probability of default on a two-year loan. For

C{I]CH]GHHQ the the one-year loan, 1 — p; = 0.05 is the marginal and total or cumulative probability (Cp) of
Probabili " default in year 1. Later in this chapter, we discuss ways in which p, can be estimated by the
SOGUELY ﬂf FI manager, but for the moment suppose that 1 -p, = 0.07. Then:
Defnu.’r o 1 0.05 = Marginal probability of default | 1
.. — p, = 0.05 = Marginal probability of default in year
Multiperiod Bond o Jne P ! !

1 = p,=0.07 = Marginal probability of default in year 2

The probability of the borrower surviving—not defaulting at any time between now (time Q)
and the end of period 2—is p; X p, = (0.95)(0.93) = 0.8835.

Cp=1-[(0.95)(0.93)] = 0.1165

There is an 11.65 percent probability of default over this period.




Y noAoyiouog e mlavotntog YPEOKOTIOS OO TIG
KOLUTOAEC OTTOOOGEMV

EXAMPLE 10-6  From the Treasury strip yield curve in Figure 10-6, the current required yields on one-
So and two-year Treasuries are i, = 2.05 percent and i, = 3 percent, respectively. If we use
the Probability equation (2), the one-year forward rate, f,, is:

of Default on |, = (1.0372 _ | 0396
a Multiperiod (1.0205)

Bond Using !

Term Structure f, = 3.96%
Derivation of

The expected rise in one-year rates from 2.05 percent (i) this year to 3.96 percent (f;) next
year reflects investors’ perceptions regarding inflation and other factors that directly affect
the time value of money.

Credit Risk




Y noAoyiouog e mlavotntog YPEOKOTIOS OO TIG

KOLTTUAEC OTTOOOCE®V

Further, the current yield curve in Figure 10—6 indicates that appropriate one-year dis-
count bonds are yielding ky = /.80 percent and two-year bonds are yielding k> = 10 percent.
Thus, if we use equation (3), the one-year rate expected on corporate securities, ¢, is:

1.10)2
14+c = ( )

= =1.1224
'~ (1.0780)

or
c, = 12.24%

We summarize these calculations in Table 10-8. As you can see, the expected spread
between one-year corporate bonds and Treasuries in one year's time is higher than the
spread for current one-year bonds. Thus, the default risk premium increases with the matu-
rity on the corporate (risky) bond.

From these expected rates on one-year bonds, if we use equations (4) and (5), the
expected probability of repayment on one-year corporate bonds in one year's time, p,, is:

ps = %%% = 0.9262
and the expected probability of default in year 2 is:

1—p>=1—-09262=0.0738
or

7.38%




[Tiotmwtikog Kivovvoc

[TiBavoTNTEC ABETNGNC OO TIC TIHES TOV
OLLOAOYLOV (CLVEYELN)



MI2TQTIKO2Z KINAYNOZ-EKTIMQNTAZ

[NIOANOTHTEZ XPOKOIMIAZ

> MBavoTnTa abeTnNoNC UNOXPEWOEWV-XPEOKOMIAG davEIOANNTWY,
EKOOTPIWV OPOAOYWV, aVTICUUBAAAOPEVWY OE Napaywyd

> BAZIAEIA II, III: eyKpivEl ECWTEPIKN EKTIKNON MIBAVOTATWYV
abernonc (PD, LGD, EAD) [Internal Rating Based (IRB)
approach]
> Opyaviopoi a&ioAdynonc oUoAOYWV:
— Moody’s (Aaa,Aal,Aa2,Aa3,Al,...,Baal,...,Bal,...,B1,...C3)
— S&P (AAA,AA+,AA AA- A+,..,BBB+,...,BB+,..B+,...,CCC,...C-)
> 2T1aBepoTnTa a€loAdynong, HOVO HakponpoBeouec aAAayeg
pepeyyuoTnTac aAAalouv diaBabuion




MéEom cwpevtikn TOAvVOTTO ¥PEOKOTIOS

Table 19.1 Average Cumulative Isuer-Weighted Default Rates (%), 1970-2016

Time (years) 1 2 i el 3 7 10 15 20

Aaa 0000 0011 0011 0031 0085 0195 0386 0705 (0824
Aa 0021 0060 0110 0192 0298 0525 0778 1336 2151
A 0055 0165 0345 053 0766 1297 2224 3876 5793
Haa 0177 0461 0804 1216 1628 2472 3925 7006 10236
Ba 0945 2583 4492 6518 B392 11667 16283 23576 29733
i 3573 B436 13377 17828 21908 28857 36177 43658 48644
Caa-C 10,624 18.670 25443 30974 35543 42132 50258 533577 53.930

Sotieei: Moodvs.,



[oTtopikec mMOAVOTNTES YPEOKOTLOC

» Mo oporoyia Baa €yet 0.177% miBovotnta vo aBetn el oto 1° €10 Ko
0.461% va a0etnOel puéypt 10 TELOG TOL 2°° £TOLG

» H mBavomra va aBetbel oto 2° £to¢ eivat:
— 0.461-0.177=0.284%

» I'o oporoyieg pe aloldynon investment grade (mdvo and Baa) ot
(unconditional) mOavotnTES Patvouy aLEAVOUEVES, MG GLVAPTNOT TOL YPOVOL
ANENC eVO Y100 OLOAOYIEC YOUNANG aStoAOYN 6N C Patvouy petoduevec



AAE2MEYTH KAI AE2MEYMENH T1IOANOTHTA

AOETH2H2 — DEFAULT INTENSITIES

Adeopeutn niBavoTnTa opoAoyiac Caa yia abernon 1o TPITo £T0C¢ (Nivakacg
19.1):

» 25.443-18.670=6.773%
— (mBavoTtnTa nou diapopPwveTal o t=0)
> [MBavoTnTa un abeTnong wg 1o t=2:
» 100-18.670=81.330%
> AnO To 81% TWV ETAIPEIWV MOU OEV XPEOKOMNOAV WC TO TEAOC TOU 2°V £TOUC
TO 6,773% OTATIOTIKA 6@ XPEOKOMNOOUV TO 3° £TOC
> MBavoTnTa aBeTnOoNG TO TPITO £TOC ME NpoUnoBeon un aBeTnonNG PEXP! TOTE:
> 0.06773/0.81330=8.33%
> H mi@avoTnTa a®£Tnonc Tnv nepiodo t e Tnv npoiinoOeon pn
npoTepNG afernong (dsopeupnevn NiBavornTa) €ival n default
intensity n hazard rate






[M10202TO ANAKTH2H2 2E MEPIMNTSR2H

XPEOKOINIAZ - RECOVERY RATE

Recovery rate= 1- LGD
— LGD= Loss Given Default (Znuia os nepinTwon Xpeokoniac)
- Reorganization - Liquidation
>  Eival ioo pye Tnv ayopaia a&ia TnG opoAoyiag aueEcwWE PETA TNV XpEoKoNia
oav MogoaTo TNG OVOPAOTIKNG a&iag
> Ta noocooTa avakTnong cuoxXeTiovTal apvnNTIKa HE TA NOCOOTA
XpPEOKONIAC
>  EkTiunon yia Tnv nepiodo 1984-2004 ano tnv Moody’s
>  Meoo nooooTo avaktnonc=0,52-6,9 x HECO NOCOOTO XPEOKONIAC

> Av % xpeokoniac =0,1%, Y%avakTnonc=51,3%
Av % xpeokoniac =3%, %avaktnonc=31,3%



DP’s ATO TIMEZ OMOAOQOTI'Q2N

H oecpevpuevn mbavotnta ypeoxoniog 11 default intensity oioeton amd tov TOmTO:
AQalpOVIOG TO ETLYEIPNUO TNS PELOTOTNTOS (TPLUL PELOTOTNTOS, O LOVOG
AOYOG Y10, L0l ETOLPTKT] OLOAOYIO VO TILOAOYEITOL ALYOTEPO OO Lot OULOLY, TNG
UnoeviKoL piokov givon N mBavotnta ypeokomnioc. Eotm k=1+s (s=2%) «xai
R=40%, h=3.33%

h=s/1-R
Omnov: h (conditional probability of default (v default intensity) ava €tog, s to
spread tng opoAOYiOG G TPOG TO AVTIGTOLYNG OLAPKELNC OLOAOYO YWPIG
Ktvovvo afétnong kot R givat 10 mocooto avaktnong



DP’s ATO TIMEZ OMOAOQOTI'Q2N

> Ta spreads TAIPIKO®V OHOAOYWV ANO NICTWTIKO KivOUuvo -
ayvomwvTag KivOuvo pEUCTOTNTAG

> OpoAoyia, M=5, c=6%, YTM=7%, P=95,34, recovery rate
=40%

> Avaloyn opoAoyia xwpic Kivouvo, YTM=5% (€otw r=5% vyia
OAec TIC An&eig), P=104,09

> Avapevopevn anwAela yia Ta 5 €tn =8,75

> 'EoTw PD ava €1oc =Q (Q oTaBepo)

> 'EoTw OTI aBsTnon cupPaivel anokAsgioTika o t=0,5, 1,5, 2,5,
3,5, 4,5 akpiBwc npiv TNV NANPWUN TOKOPEPIOIOU



DP’s ATO TIMEZ OMOAOQOTI'Q2N

> [a napadeiypa: unoAoylopoc avapevopevneg anwAegiag oto t=3,5:
> Avauevouevn TIUN opoAoyiac Xxwpic kivduvo oTto t=3,5:

> 3+3e-0,05X0,5+ 3e-0,05xl,0 +103e—0,05xl,5=104’34

> H anwAeia og nepinTwon xpeokoniac =104,34-40=64,34

» PV, (64,34)=54,01, ouvexXnG avaTokIOpog: e70.05x3,5=0,839

> Avapevouevn anwAeia oto t=3,5: 54,01Q



DP’s ATO TIMEZ OMOAOQOTI'Q2N

> 2UVOAIKN avapevopevn (nuia: 288,48 x Q=8,75
» Q=3,03%
> EnekTaon e Xpeokonia g€ GUXVOTEPEC NEPIOOOUC

> EnekTaon ano adeopeuTn kal otabepn nibavoTnTa Xpeokoniag
oc oraBepn deopeupevn NBavoTnTa

> YNoAOYIONOG TNC XPOoVIKNG d1apBpwonc Twv PD’s ye Tnv Xpnon
noAAwV An&ewv

> 'EoTw opoAoyiec ye Anén 3, 5,7,10 €Tn

> Xpnoigonolouue TNV pebodoAoyia bootstrap yia unoAoyiouo DP
KaT’ €ToC yia Ta €Tn 1-10



DP’s AlNO TIMEZ OMOAOI' 2N

446 PRISK MANAGEMENT AND FINANCIAL INSTITUTIONS

Table 19.3 Calculation of Loss from Default on a Bond in Terms of the Default Probakihities per

Year, ()

Time Dref. Recovery Defanlt-Free Discount PV of Expected
(yrs) Prob. Amount () Value (3) Loss (§) Factor Loss ()

0.5 i} 40 106.73 i 73 09753 (5.08(0)

1.5 Q) 40 105.97 ib0.97 09277 (1.200)
25 Q 40 105.17 i5.17 08825 57.520)
3.5 QJ 40 104.34 .34 08395 54.01¢)
4.5 Q) 40 103.46 346 07985 S50.670)
Total 288480

Motional Prmapal = $100.



DP’s ano Asset Swaps

» Ta asset swap spreads amoteAovv ekTiuncelc tov yield spreads Twv opoAdymv Tavem
otnv LIBOR /swap curve

» 'Eotm asset swap spread =150 bps

» Av 10 ouOAOYO €ival 6TO APTIO, 0 A TANPDOVEL TO TOKOUEPIOLO TNE OpoAoyioc Kot o B
minpovelr LIBOR +150

» Av 10 opudroyo givar below par ota 95, 0 A TAnpadvel EKTOC amd TO TOKOUEPIOLO Ko 5
avd 100 otnv exxivnon (ko elonpdrter LIBOR+150)

» Av 1o ouodAoyo givarl ota 108 o B mAnpaverl 8 ava 100 otnv ekkivnon kot LIBOR
+150 evod elompdiTTEL TO TOKOUEPTOLO

» H mapovoa a&ia tov spread eivor ion pe v 010popd TG TIUNS TS OUOAOYINC Y®Pig
KIVOLVO OO TNV €TALPIKT] OLoAOYia, OTav To r1sk free rate oiogton amd tnv LIBOR/

swap curve.



DP’s ano Asset Swaps

»> Av dev yvopilovue TV Tiun TS opoAoyiog aAld uévo to spread Tov swap m.y.
150 p.., vmoroyiCovue v a&lo KT TNV 0oL 1] OLOAOYi YOPic KivOouvo
etval HeyaAdTepn oo TNV £toupikr] oporoyio g v PV towv 150 up ava £€toc
yio S €1).

» Me eEaunviaieg minpopés n PV eivar $6,55 avd $100 ovouaotikig atiog

» Q=6,55/288,48 =2,27%
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